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SYNOPSIS

Crimean Congo-Hemorrhagic
Fever Virus for Clinicians—Virology,
Pathogenesis, and Pathology

Maria G. Frank, Gretchen Weaver, Vanessa Raabe;' State of the Clinical Science Working Group of the
National Emerging Pathogens Training and Education Center’s Special Pathogens Research Network

Crimean-Congo hemorrhagic fever (CCHF), caused
by CCHF virus, is a tickborne disease that can cause
a range of illness outcomes, from asymptomatic infec-
tion to fatal viral hemorrhagic fever; the disease has
been described in >30 countries. We conducted a lit-
erature review to provide an overview of the virology,
pathogenesis, and pathology of CCHF for clinicians. The
virus life cycle and molecular interactions are complex
and not fully described. Although pathogenesis and im-
munobiology are not yet fully understood, it is clear that
multiple processes contribute to viral entry, replication,
and pathological damage. Limited autopsy reports de-
scribe multiorgan involvement with extravasation and
hemorrhages. Advanced understanding of CCHF virus
pathogenesis and immunology will improve patient care
and accelerate the development of medical countermea-
sures for CCHF.

Crimean—Congo hemorrhagic fever (CCHF) was
clinically categorized as a disease during World
War II when, after being exposed to ticks, ~200 sol-
diers from the Soviet Union stationed in the Crimean
Peninsula during 1944-1945 developed hemorrhagic
fever symptoms, as part of an illness initially termed
Crimean hemorrhagic fever. Similar clinical features
had been described in present-day Tajikistan and
Uzbekistan as early as the 12th Century (1,2). An en-
veloped, single-stranded RNA virus isolated from an
infected patient in 1967 was named Crimean hemor-
rhagic fever virus. Another virus (Congo virus) was
identified following a hemorrhagic fever outbreak in

Author affiliations: Denver Health and Hospital Authority, Denver,
Colorado, USA (M.G. Frank); University of Colorado School of
Medicine, Denver (M.G. Frank); University of Massachusetts Chan
Medical School, Worchester, Massachusetts, USA (G. Weaver);
New York University Grossman School of Medicine, New York,
New York, USA (V. Raabe)

DOI: https://doi.org/10.3201/eid3005.231646
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the current Democratic Republic of the Congo (for-
merly Zaire) in 1956 (2). In the early 1970s, the name
was changed to Crimean-Congo hemorrhagic fever
virus (CCHFV), after Crimean hemorrhagic fever vi-
rus and Congo viruses were found to be serologically
indistinguishable in 1967.

Human CCHFYV infection mainly occurs through
the bite of an infected tick or exposure to blood or tis-
sue from infected animals; human-to-human trans-
mission, particularly in healthcare settings, has been
reported (3-5). Approximately 10,000-15,000 CCHF
cases are estimated to occur worldwide each year, but
more definitive numbers are difficult to ascertain. Un-
certainty arises because up to 88% of cases are thought
to be subclinical (6-8), unrecognized, or occur in loca-
tions with limited disease surveillance or laboratory
testing capability; also, the case definition for CCHF
is not standardized across endemic regions (9,10). A
recent worldwide systematic review and meta-analy-
sis, using data collected during 1974-2020, reported
an overall case-fatality rate of 11.7% for humans with
acute CCHFV infection (defined as presence of live
virus, viral antigen, or RNA), a prevalence of 22.5%
(n = 35,198), recent infection (defined as presence of
IgM) seroprevalence of 11.6% (n = 27,173), and an
overall past infection (defined as presence of 1gG) se-
roprevalence of 4.3% (n = 74,900) in humans (11).

CCHEFYV is an enveloped, multisegmented, single-
stranded, negative-sense RNA virus (genus Orthonai-
rovirus, order Bunyavirales, family Nairoviridae). The
viral genome exists as 3 single-stranded, negative-
sense RNA molecules, leading to a complex replica-
tion program. Replication of the trisegmented CCH-
FV genome is error prone, leading to antigenic drift

"Current affiliation: Pfizer Inc., New York, New York, USA. These
materials reflect only the personal views of the author and may not
reflect the views of her employer.

2Members of this group are listed at the end of this article.
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SYNOPSIS

resulting in 7 distinct genotypes (12). CCHFV binds
to an unknown cell receptor; however, the low-den-
sity lipoprotein receptor (LDLR) has recently been
proposed as critical for CCHFV cell entry (13). The vi-
rus can enter a wide range of human cells, triggering
damage both directly as a result of viral infection and
indirectly by modifying vascular permeability and
eliciting a proinflammatory immune response (14).

Disease because of CCHFV infection is limited to
humans, although asymptomatic transient viremia
lasting up to 15 days has been documented in mul-
tiple livestock and wild animals (15). Severe or fatal
human disease correlates with an exuberant proin-
flammatory immune response leading to vascular
dysfunction, disseminated intravascular coagulation,
multiorgan failure, and shock (16). Detection of IgM,
usually present as early as 4-5 days after illness onset,
and IgG, usually present 7-9 days after illness onset,
correlate with declining viremia (17). However, anti-
body response to CCHFV does not correlate with dis-
ease outcomes or protection through vaccination (17).

This first article in a 3-part series summarizing
the main aspects of CCHF is meant to provide clini-
cians with an overview of the virology, pathogenesis,
and pathology of CCHEF. The second article focuses
on epidemiology, clinical features, and prevention
and control of CCHF (18) and the third on diagnostic
testing and management of CCHF (19).

Methods

The focused review for this paper involved MeSH
(National Center for Biotechnology, https://www.
ncbinlm.nih.gov/mesh) and PubMed (https://
pubmed.ncbi.nlm.nih.gov) search strings customized
for CCHF/CCHFV. We focused our review on hu-
man data from the past 10 years when available; we
included older data or data from animal cases where
appropriate. We conducted title, abstract, and full
text reviews of relevant manuscripts, reviews, and
book chapters. We also completed bibliography scans
on reviewed articles and meta-analyses.

Virology

CCHFV virions are pleiomorphic, but mostly spheri-
cal, and measure 80-120 nm in diameter (2). The
natural cycle of CCHFV involves both domestic and
wild animals as hosts, with ticks from Hyalomma
(CCHFV’s main vector), Rhipicephalus, and Dermacen-
tor genera as vectors and reservoirs (12). The natural
cycle includes transovarial (vertical) and transstadial
(horizontal) transmission among ticks and transmis-
sion between ticks and their vertebrate hosts. Hu-
mans are considered dead-end or accidental hosts

848

for the virus because they are not a source of infec-
tion for ticks. CCHFV virions contain a trisegmented,
negative-sense RNA genome comprised of the small
(S) segment, which encodes the nucleocapsid protein
(NP) and nonstructural protein (NS); medium (M)
segment, which encodes membrane glycoproteins Gn
and Gc as well as several NS; and large (L) segment,
which encodes the RNA-dependent RNA polymerase
(RdRp) (7,20,21).

The S segment (NSs) encodes the NP, which is
composed of a globular domain and protruding arm,
and a small NS (12). The NP interacts with viral RNA
to form ribonucleoprotein (RNP) complexes. The NP
also performs endonuclease activity that promotes vi-
ral replication, transcription, and assembly, and inter-
acts with host heat shock proteins during intracellular
replication of the virus (22,23). It has been postulated
that both NP and NS might have a role in cellular
apoptosis as well (22).

The M segment encodes a polyprotein that results
in 2 transmembrane glycoproteins, Gn and Gc, and
NS, such as GP160/85 that is further processed into
GP38, a mucin-like domain (MLD), and M-segment
nonstructural protein (NSm) after cleavage (12,21,22).
Gn and Gc stud the virion lipid envelope as spikes.
Gc is assumed to be responsible for binding to cellu-
lar receptors and has recently been described binding
to the LDLR present in various human cells; of note,
the LDLR density is directly correlated with CCHFV
infectivity (13). Gc has been identified as the target
for neutralizing antibodies generated during the in-
fection course as well (17). Gn contributes to mem-
brane fusion (17). MLD and GP38 may play roles in
glycoprotein processing and incorporation into viri-
ons (23). Both NSs and NSm have been postulated to
have roles in interferon antagonism (17,24).

The L segment encodes a single, large protein
containing RdRp enzyme and cap-snatching mecha-
nisms required for genome replication (23,26). The
RdRP protein also harbors an ovarian tumor protease
(OTU) that may function as an inhibitor of the mul-
tiple host-cell antiviral mechanisms in the interferon-
signaling pathway (12,27,28).

As for most viruses in the Nairoviridae fam-
ily, the replication cycle for CCHFV commences
after the binding of the viral glycoprotein, Gc for
CCHEFYV, to a host cell receptor, potentially LDLR,
leading to receptor-mediated endocytosis (13). Re-
duced pH in the endosome provokes a change in
glycoprotein morphology with consequent fusion
of endosomal membrane and envelope resulting
in release of ribonucleoprotein into cytosol. The
genomic ribonucleoprotein acts as the template for

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024



RdRp-generating virus mRNA, which is translated
into viral proteins and cRNA which serves as the
template for genomic viral RNA (vVRNA) produc-
tion. New ribonucleoprotein is formed by associa-
tion of vVRNA, RdRp, and capsid proteins; glyco-
protein translation and cleavage into Gc and Gn
precursors occur in the endoplasmic reticulum.
Further processing and maturation of glycoproteins
happens in Golgi complex completing assembly of
new virions. Once virion assembly and transport to
plasma membrane is complete, virions are released
through exocytosis (1,12,29,30).

CCHEFV is a genetically diverse virus with 20%
sequence divergence of S segment, 31% of M segment,
and 22% of L segment of virus isolates (12). Based on
S segment sequence data, 7 CCHFV genotypes cor-
relate with the geographic area of parent virus iden-
tification, hence the terminology used by Atkinson to
name the different genotypes: Africa 1-3, Asia 1 and
2, and Europe 1 and 2 (29,31). Those lineages corre-
late with Carroll’s denomination into 6 clades: I (Af-
rica 3), II (Africa 2), IlI (Africa 1), IV (Asia 1 and 2), V
(Europe 1), and VI (Europe 2) (32,33). Research has
shown that CCHFV evolves and acquires genetic di-
versity through various mechanisms. The virus can
accumulate mutations through antigenic drift from a
common ancestor. Further, the multisegmented ge-
nome enables reassortment events when coinfection
with 2 different strains occurs, resulting in a dramatic
antigenic shift. Reassortment is especially concerning
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intrinsic
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CCHFV—Virology, Pathogenesis, and Pathology

because it can increase through expanded travel and
long-range transport of infected ticks or animals. Fi-
nally, there is evidence of recombination between
RNA segments of different strains (12). Although
there is greater genetic diversity within M segment
than L and S segments, resulting in Gn and Gc nu-
cleotide diversity, this difference does not render a
greater antigenic variety (12,33).

It has been proposed that differences between
viral lineages and their adaptation to regional hosts
might affect the severity of human illness (12). The
AP92 strain of CCHFV was recovered from a Rhipi-
cephalus sp. tick in Greece in 1979 (34). Based on indi-
rect epidemiologic data, AP92 is thought to be aviru-
lent or have very low virulence in humans. Similar
strains have recently been isolated in Turkey and
other areas from patients with mild CCHF (34-36). In
contrast, patients in South Africa infected with a reas-
sorted CCHFV strain (M segment mapped to Asian
clades, S and L segments mapped to African clades)
suffered a higher mortality rate when compared with
patients infected with the nonreassorted endemic
CCHEFYV strains (37).

Pathogenesis

Although CCHF pathogenesis and immunobiol-
ogy are not yet fully understood, multiple processes
seem to contribute to viral entry, replication, and im-
mune response (Figure). After transmission from an
infected tick, CCHFV passes through the epithelium

Muscle
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Brain
Adrenal
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@
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Figure. Flowchart showing an abbreviated proposed pathway for Crimean-Congo hemorrhagic fever virus pathogenesis. CCHFV,
Crimean-Congo hemorrhagic fever virus; DC, dendritic cell; DIC, disseminated intravascular coagulation; EC, endothelial cell; IL,
interleukin; LN, lymph nodes; MCP, monocyte chemoattractant protein; MO, macrophage; MOF, multiorgan failure; SAT, saliva-assisted

transmission; TNF, tumor necrosis factor; VE, vascular endothelium.
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into the basolateral compartment of the skin, where it
infects endothelial cells of local capillaries and small
blood vessels, dendritic cells, and macrophages (38).
Viral entry is mediated by the Gc component of the
envelope protein, which binds to a host cell receptor,
likely LDLR, for entry (13,17).

The shorter CCHF incubation period associated
with tick-mediated exposure, as compared with ex-
posure to blood and tissue of infected animals, has
been attributed to tick saliva-assisted transmission
(SAT) mediating viral entry and replication. Tick sali-
va contains a mixture of peptide and nonpeptide mol-
ecules, as well as water, ions, host proteins, and exo-
somes (39,40). Multiple tick saliva components may
contribute to SAT by counteracting host-derived va-
soconstrictors, inhibiting multiple host cell responses
including wound healing, complement pathways,
platelet aggregation, local coagulation pathways, and
promoting local analgesia by means of bradykinin in-
hibition (40-42). The specific tick saliva components
mediating SAT might vary depending on the specific
tick species.

In vitro, CCHFV replicates in human cell lines
from adrenal, bone marrow, brain, cervix, liver,
lung, lymphocytes, kidney, muscle, and vascular
endothelium (35). In vivo, after initial entry and
replication, CCHFV spreads hematogenously, lead-
ing to potential infection in multiple organs: adre-
nals, liver, lungs, spleen, and kidneys (14,44,45).
Infection of glial cells and astrocytes has been doc-
umented in humanized mouse models, but not to
date in human patients (46).

CCHFV infection results in both direct cellular
damage, such as apoptosis, and indirect damage, such
as increased vascular permeability through upregu-
lation of soluble adhesion molecules (i.e., E-selectin,
vascular cell adhesion molecule 1 [VCAM 1], intracel-
lular adhesion molecule 1 [ICAM 1], and vasoactive
molecules) (14,43). Vascular endothelial damage pro-
motes platelet aggregation and degranulation lead-
ing to subsequent activation of the intrinsic coagu-
lation cascade which, in severe cases, culminates in
disseminated intravascular coagulation (14). CCHFV
infection also leads to the release of proinflamma-
tory cytokines which can lead to immune-mediated
damage. Robust proinflammatory response has been
associated with severe cases and fatal outcomes (17).
Specifically, positive associations between disease
severity and poor prognosis have been correlated
with elevated levels of interleukin (IL) 8, IL-9, IL-15,
IP-10, TNF-a (tumor necrosis factor-a), and MCP 1
(monocyte chemoattractant protein 1) (17). In con-
trast, RANTES (regulated upon activation, normal T

850

cell expressed and secreted; also called CCL-5 [che-
mokine ligand 5]) levels appear to have a negative
correlation with severity of CCHF (17). CCHFV is an
interferon-susceptible virus; infected cells delay in-
duction of type-1 interferon, giving the virus time to
replicate and spread systemically (47).

Immune correlates of protection against and
resolution of CCHF remain unknown. IgM and IgG
responses are associated with declining viremia, and
the generation of an antibody response is associated
with better disease outcomes. However, the role of an-
tibodies in controlling infection remains unclear (17).
It is well documented that severe CCHF cases have
minimal humoral immune response (12,48). Con-
versely, survivors develop CCHFV-specific humoral
and cellular immunity, and to date, reported human
reinfection has not been documented (17,27,49,50).
Studies from CCHEFV-infected nonhuman primates
suggest that antibody titers and neutralizing activity
do not correlate well with severity of disease or out-
comes (45).

Pathology

To date, few autopsy or necropsy reports of CCHF
patients have been published. Histopathologic re-
ports on 2 skin biopsies noted diffuse extravasa-
tion of erythrocytes into the epithelial interstitium,
associated with hemorrhages in the skin (Appen-
dix reference 51, https://wwwnc.cdc.gov/EID/
article/30/5/23-1646-Appl.pdf). Anecdotally, a
liver biopsy obtained during a nosocomial outbreak
in South Africa in 1984 showed interhepatocyte in-
filtration of erythrocytes with diffuse extravasation
(Appendix reference 51). Using electron microscopy,
evidence of pericapillary edema and autolysis of he-
patocytes, as well as intracytoplasmatic virions in
epithelial cells of hepatic sinusoids and portal ves-
sels, were observed (Appendix reference 51). Evi-
dence of hepatic lesions ranged from disseminated
necrosis to multiple necrotic foci. Of note, the foci of
viral antigen demonstrated by immunofluorescence
was disproportionate to the severity of necrosis,
suggesting injury mechanisms other than direct vi-
ral cytopathic effect. Thrombus formation in central
and portal veins was found in patients with more
severe liver involvement (Appendix reference 52).
More recent reviews of liver pathology using immu-
nohistochemistry demonstrated infection of Kupffer
cells, hepatic endothelial cells, and hepatocytes,
with mononuclear portal inflammation, and necrosis
characterized by hemorrhage (14). A marked splenic
lymphoid apoptosis and lymphocyte depletion with
dilated sinusoids were also described (14).

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024



Petechial hemorrhage of serosa, liver and spleen
capsule, and intestinal hyperemia are visible by mac-
roscopic exam (12). Necropsy from an autochthonous
case in Spain, in addition to hepatocyte necrosis,
demonstrated cytoplasmic macrovesiculation and
microvesiculation, complete epithelial denudation of
the colon, occasional microthrombi, and bone mar-
row hemorrhages (Appendix reference 53). A study
from Turkey of 5 confirmed and 14 suspected CCHF
cases demonstrated hemophagocytosis with unclear
clinical significance in the bone marrow of 7 patients
(Appendix reference 54).

Conclusions

CCHEFV is an enveloped, single-stranded RNA, tick-
borne virus. The virus life cycle and molecular inter-
actions are complex and not fully described. Although
pathogenesis and immunobiology are not yet fully
understood and research is needed to fill the gaps, it
is clear multiple processes contribute to viral entry,
replication, and pathological damage, and limited au-
topsy reports describe multiorgan involvement with
extravasation and hemorrhages. Broadening knowl-
edge about CCHFV pathogenesis and immunology
will enable improved patient care and accelerate the
development of medical countermeasures for CCHF.
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Crimean-Congo hemorrhagic fever (CCHF) is a tick-
borne infection that can range from asymptomatic to
fatal and has been described in >30 countries. Early
identification and isolation of patients with suspected
or confirmed CCHF and the use of appropriate preven-
tion and control measures are essential for preventing
human-to-human transmission. Here, we provide an
overview of the epidemiology, clinical features, and pre-
vention and control of CCHF. CCHF poses a continued
public health threat given its wide geographic distribu-
tion, potential to spread to new regions, propensity for
genetic variability, and potential for severe and fatal
illness, in addition to the limited medical countermea-
sures for prophylaxis and treatment. A high index of
suspicion, comprehensive travel and epidemiologic
history, and clinical evaluation are essential for prompt
diagnosis. Infection control measures can be effective
in reducing the risk for transmission but require correct
and consistent application.

Human Crimean-Congo hemorrhagic fever
(CCHF) infection mainly occurs after the bite of
an infected tick or exposure to blood or tissues from
infected animals; human-to-human transmission,
particularly in healthcare settings, has also been re-
ported. Approximately 10,000-15,000 cases of CCHF
occur annually worldwide, although more definitive
numbers are difficult to ascertain; up to 88% of cases
are thought to be subclinical (1-3), unrecognized, or
occur in locations with limited disease surveillance
or laboratory testing capability (4,5). A recent meta-
analysis of CCHF-endemic areas reported an overall
acute infection prevalence of 22.5%, recent infection
seroprevalence of 11.6%, and an overall past infection
seroprevalence of 4.3% in humans (6).

CCHEF causes clinical manifestations in humans
ranging from asymptomatic infection to severe hem-
orrhagic fever. The case-fatality rate (CFR) during
outbreaks is typically 5%-30% (1), but CFRs of up to
62% have been reported (7). Disease caused by CCHF
virus (CCHEFV) is limited to humans, but asymptom-
atic transient viremia (lasting <15 days) has been
documented in livestock and wild animals (8). Severe
or fatal disease causes proinflammatory immune re-
sponse that leads to vascular dysfunction, dissemi-
nated intravascular coagulation, multiorgan failure,
and shock (9). The detection of IgM (present as early
as day 4-5 of illness) and IgG (present after days 7-9
of illness) correlates with declining viremia, but fa-
tal cases often show no or very late immune response
(10). However, antibody response to CCHFV does
not correlate with disease outcome or protection from
vaccines, which, combined with a paucity of available
animal models (11), makes research on vaccines and
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treatments challenging. No vaccines or treatments for
CCHEF have been approved by the US Food and Drug
Administration.

This second article in a 3-part series summarizing
the main aspects of CCHF is intended to provide cli-
nicians with an overview of the epidemiology, clini-
cal features, and prevention and control of CCHF.
The first article focuses on the virology, pathogenesis,
and pathology of CCHF (12) and the third on diag-
nostic testing and management of CCHF (13).

Methods

The focused review for this paper involved MeSH
(National Center for Biotechnology [NCBI], https://
www.ncbi.nlm.nih.gov/mesh)and PubMed (https:/ /
pubmed.ncbi.nlm.nih.gov) search strings customized
for CCHF and CCHFV. We focused our review on the
past 10 years and used human data when available;
we included older relevant data and animal data
where appropriate. We conducted title, abstract, and
full text reviews of relevant manuscripts, reviews,
and book chapters. We also completed bibliography
scans on review articles and meta-analyses.

Epidemiology

CCHEF is the most geographically widespread tick-
borne disease, identified in >30 countries in Africa,
Asia, the Middle East, and Europe located south of
the 50th parallel north (Figure 1). The annual inci-
dence is estimated to be 10,000-15,000 cases world-
wide but has been slowly and steadily rising (3). That
increase in incidence is thought to be caused by the
expanding range of its main vector, Hyalomma ticks,
and by increased testing (6). Most cases occur after
tick bites; the second most common means of expo-
sure is through bodily fluids and tissue from infected
animals; and last, human-to-human transmission can
occur in the healthcare setting.

In recent years, CCHF has been documented in
previously unaffected countries, such as Spain and
Jordan (14-17). Although tickborne transmission is
the main route for human CCHEF, contact with vi-
remic animals, infected humans, or contaminated
surfaces (e.g., nosocomial transmission) can also
lead to human illness. Persons at the highest risk
for CCHF include farmers living in CCHF-endemic
areas, participants in recreational activities (e.g.,
hiking, camping) in endemic areas, slaughterhouse
workers, veterinarians, and healthcare workers,
who are now considered the second most affected
group (3,18). Transmission to household contacts
is uncommon, although horizontal transmission
from mother to child has been reported (19). Sexual
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Figure 1. Geographic distribution of CCHF and Hyalomma spp. ticks. CCHF, Crimean-Congo hemorrhagic fever.

transmission has been proposed; however, pres-
ence of CCHFV in semen or vaginal fluids has yet
to be confirmed (20). Similarly, airborne transmis-
sion has been hypothesized to occur in association
with nosocomial and laboratory-acquired CCHF
clusters, despite a lack of direct evidence (21-23).
Nosocomial infections are symptomatic in 92.4% of
cases, and in 76.5% of those patients, hemorrhag-
ic disease develops; these cases tend to have high
mortality (CFR 32.4%) (23).

Clinical Features

Incubation Period

The typical incubation period for CCHF is 3-7 days
(range 1-13 days); incubation period is shorter (1-5
days) after a tick bite and longer (5-13 days) after
exposure to infected blood or tissues (14). The accel-
erated viral dissemination after a tick bite is thought
to be caused by a tick saliva-enabling effect, known
as saliva-activated transmission, related to bioactive
molecules in tick saliva causing antihemostatic, anti-
inflammatory, and immunomodulatory effects on the
vertebrate host (14,24).
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Clinical Spectrum of Infection

Clinical manifestations of CCHF range from asymp-
tomatic (<88%) (3) infection or mild, nonspecific
febrile illness to severe hemorrhagic disease with
multiorgan failure leading to death (14). CCHF case
definitions vary across endemic regions; the case defi-
nition proposed in Ergonul et al. (I) includes suspect,
probable, and confirmed cases (Figure 2).

Clinical Course

CCHEF is characterized by an incubation period, as de-
scribed, followed by prehemorrhagic, hemorrhagic,
and convalescent phases (Table; Figure 3). Most pa-
tients will recover and transition to the convalescent
period; patients who die typically succumb to the dis-
ease by day 10.

The prehemorrhagic phase frequently lasts 1-5
days and is usually characterized by nonspecific
symptoms. Those symptoms include sudden onset of
fever, which lasts for an average of 4-5 days, and non-
specific signs and symptoms such as diarrhea, dizzi-
ness, headache, myalgia, nausea, vomiting, and weak-
ness. Headache occurs in almost 70% of patients and
tends to be severe. Two thirds of patients describe the
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Suspected Case

Probable Case

CCHFV—Epidemiology, Manifestations, and Prevention

Confirmed Case

Patient with fever,
myalgia, malaise, and
diarrhea

and

and

History of residence in
CCHF-endemic area
and recent tick exposure
OR residence in or travel
to CCHF-endemic area

Suspected case

>1 of leukopenia
thrombocytopenia,
or elevated AST, ALT, or LDH

Probable case

and

Evidence of CCHFV in patient’s
bodily fluids or tissue:
- Positive CCHFV IgM in serum
- Positive PCR for CCHFV in blood
or body fluids

Figure 2. Crimean-Congo hemorrhagic fever case definitions, modified from Ergonul et al. (7). ALT, alanine aminotransferase; AST,
aspartate aminotransferase; CCHF, Crimean-Congo hemorrhagic fever; CCHFV, CCHF virus; LDH, lactate dehydrogenase.

pain as mimicking a migraine crisis, including throb-
bing and being accompanied by nausea, vomiting,
photophobia, and phonophobia (25); half of patients
describe the headache as worsening with activity.
Characteristically, those patients might also develop
upper body (face, neck, and chest) hyperemia, con-
junctivitis, and congested sclera. Because of the lack
of specificity in clinical manifestations, a high index
of suspicion on the basis of a thorough exposure and
travel history is essential for recognition.

The hemorrhagic illness phase typically begins
3-5 days after symptom onset and is usually short,
lasting 1-3 days. This phase begins with a petechial
rash of the skin and mucous membranes and might
progress to more severe hemorrhagic features at multi-
ple sites, including ecchymoses; cerebral hemorrhage;
bleeding from the nasopharynx, gastrointestinal tract
(hematemesis and melena), and genitourinary (he-
maturia) tract; menometrorrhagia; and hemoptysis
(14). Epistaxis is present in <50% of patients in the
hemorrhagic phase, hematemesis in <35% of patients,
hematuria, melena and hematochezia in 10%-20% of
patients, and intraabdominal or intracerebral bleed-
ing in 1%-2% of cases (1). Large ecchymoses are pres-
ent in 30%-45% of patients, and although they are
not pathognomonic, their presence should suggest
CCHEF over other viral hemorrhagic fevers. Hepato-
splenomegaly is common and described in up to one
third of patients (1). Severe disease during this phase
is often characterized by anemia, thrombocytopenia,
evidence of coagulation abnormalities (prolonged
prothrombin time [PT] and activated partial throm-
boplastin time [aPTT]) and disseminated intravas-
cular coagulation. Liver enzymes, including alanine
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aminotransferase (ALT) and aspartate aminotransfer-
ase (AST), are typically elevated. Renal insufficiency
and hypotension are common in severe cases (14,26,27).

During the hemorrhagic phase, patients might ex-
perience neurologic and neuropsychiatric symptoms
such as agitation, confusion, delusions, neck stiffness,
headache, photophobia, and, in rare cases (2.8%),
myoclonic jerks (28). Involvement of the central ner-
vous system has been suspected; however, a recent
prospective study showed no cases with encephalitis
or brain abnormalities on magnetic resonance imag-
ing despite a high percentage of patients experienc-
ing fever (94.4%) and headache (66.7%). None of the
36 patients in the case series showed brain changes
over the course of their disease, although no cerebro-
spinal fluid analysis was performed in the study, so
presence of viral meningitis could not be ruled out
(28,29). Those findings in humans are in contrast with
a study of humanized mice infected with CCHFV in
which autopsies showed gliosis, meningitis, and me-
ningoencephalitis, suggesting direct viral infection of
the central nervous system (11,17,30).

Cardiopulmonary manifestations include myocar-
dial infarction, myocarditis (31), pulmonary edema,
and pleural effusions. Engin et al. (32) evaluated 44
consecutive CCHF patients using transthoracic echo-
cardiography and reported that patients with severe
CCHF had statistically (but not necessarily clinically)
significant lower ejection fraction of the left ventricle
(50% vs. 55%) and higher systolic pulmonary pressures
and were more likely to have pericardial effusion than
were nonsevere CCHF patients. Whether myocardial
dysfunction is a result of immune-related or direct vi-
ral cytotoxic effect on the myocardium is unclear.
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Literature case reports of CCHF-associated acute
pancreatitis and acute nonsuppurative parotitis dur-
ing the hemorrhagic phase of illness can be found,
but no virologic confirmation in tissue was obtained
in those cases (33,34). A case of acute epididymo-or-
chitis during the prehemorrhagic phase has also been
reported (35). Most deaths occur in the second week
of illness and are associated with rapidly developing
refractory shock that leads to multiorgan failure and
severe coagulopathy with evidence of acute and se-
vere hepatopathy (14,36,37).

The convalescent phase of CCHF usually starts
on day 10-20 of illness and can last up to 1 year. Most
patients recover without complications or sequelae.
Among those patients with symptomatic convales-
cence, they frequently experience fatigue and malaise,
hair loss, anorexia, and polyneuritis. Tachycardia and
dyspnea have also been described. Memory and visu-
al and auditory impairment have also been described
(1,21). A study from Turkey reported that 48.4% of
patients studied exhibited symptoms of posttraumat-
ic stress disorder (PTSD) and 18.5% had PTSD after
recovery (38). PTSD and PTSD symptoms were more
common among patients who had required intensive
care unit stays (38).

To date, relapses of CCHF and reinfections with
CCHFV, particularly of patients being reexposed in
endemic areas, have not been described (10,14,39).

Incubation period Prehemorrhagic phase

Viremia

Fever,
myalgia,
headache,
nausea, vomiting

Nonetheless, duration of protective immunity has not
yet been elucidated.

Special Populations

More than 40 cases of CCHF in pregnant women have
been reported and are associated with high maternal
mortality (CFR 34%) compared with nonpregnant
patients (CFR 4%-14% depending on the reporting
country); mortality rates were higher in the second
half of pregnancy, but the difference was not statisti-
cally significant. Fetal and neonatal mortality (58%)
is associated with spontaneous abortion or maternal
death. Exposure to bodily fluids (i.e., blood, amniot-
ic fluid) during cesarean section or vaginal delivery
confers a high risk for transmission; up to 14.8% of
deliveries have resulted in transmission to healthcare
workers (40). It is key to consider HELLP (hemoly-
sis, elevated liver enzymes, low platelets) syndrome
in the differential diagnosis of pregnant patients sus-
pected to have CCHEF (1).

Most pediatric cases of CCHF are the result of a
tick bite, and patients more frequently exhibited rash,
abdominal pain, and myalgia, leading to a different
differential diagnosis than seen in adults. Tonsillo-
pharyngitis is a common finding in pediatric patients
(41). Elevated AST, ALT, and lactate dehydroge-
nase, as well as leukopenia and thrombocytopenia,
are common among pediatric patients admitted for

Hemorrhagic Convalescence period
phase 1-3 days Up to 12 months

IgM 7 days—4 months

L] l.....
]
[

IgG 7 days—5 years

-——-—————-»

Hair loss, memory loss, PTSD,
hearing impairment, fatigue

Figure 3. Classic clinical disease course of Crimean-Congo hemorrhagic fever. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; DIC, disseminated intravascular coagulation; PLT, platelet count; PTSD, posttraumatic stress disorder; WBC, white

blood cell count.
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Table. Clinical phases of Crimean-Congo hemorrhagic fever*

CCHFV—Epidemiology, Manifestations, and Prevention

Clinical phase Duration

Clinical features

Laboratory features

Incubation 3-7 d (3-5 d after tick bite, 5— Not applicable Normal-mildly decreased PLT
7 d after exposure to blood or
tissue)
Prehemorrhagic 1-7d Fever, headache, myalgia, dizziness, Viremia (positive PCR), mild

nausea, vomiting, diarrhea, hyperemia of
upper body, conjunctivitis

leukopenia, mild thrombocytopenia,
elevated CK, mild elevation of AST,
ALT, and LDH

Hemorrhagic Begins at day 3-5 of illness

Petechial rash (skin, conjunctiva,
mucosa), large cutaneous ecchymoses,
gastrointestinal and genitourinary
bleeding, hepatosplenomegaly, if fatal
(days 514 of iliness) secondary to MOF,
bleeding, shock

Decreasing viremia, in most cases
resolved by day 9 of illness, positive
serum IgM against CCHFV,
leukopenia, anemia, profound
thrombocytopenia, marked elevation of
AST, elevation of ALT, elevated PT,

DIC aPTT, D-dimer and FDP, schistocytes

Convalescence Upto1ly

Weakness, malaise, hair loss, anorexia,
polyneuritis, impaired memory, vision
impairment, hepatic and renal
insufficiency

Thrombocytosis, slow decrease in
AST and ALT, slow resolution of renal
and liver function, positive serum IgG

against CCHFV

*ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; CCHFV, Crimean-Congo hemorrhagic
fever virus; CK, creatine phosphokinase; DIC, disseminated intravascular coagulation; FDP, fibrinogen degradation products; LDH, lactate

dehydrogenase; MOF, multiorgan failure; PT, prothrombin time.

CCHF management (1). A case of acute CCHF-related
myocarditis in a 13-year-old was reported; symptoms
resolved completely after the convalescent period
(31). The clinical course for reported pediatric cases
was milder and shorter than for adults (41).

Pediatric cases of hemophagocytic lymphohis-
tiocytosis (HLH) secondary to CCHF have been de-
scribed (42,43). Secondary HLH, although rare, can
be associated with malignancies, severe infections,
medications, and autoimmune disorders and has
been thought to be secondary to a hyperinflamma-
tory syndrome (44). Most patients will have a combi-
nation of fever, hepatosplenomegaly, pancytopenia,
hypertriglyceridemia, hypofibrinogenemia, a va-
riety of neurologic symptoms, and evidence of he-
mophagocytosis in pathology examination of bone
marrow or other tissues (44). Because of the high
rates of illness and death associated with HLH, its
early recognition is key for timely treatment consid-
eration (such as corticosteroids, intravenous immu-
noglobulin, immunomodulators, and therapeutic
plasma exchange) (43,44).

Disease Severity and Mortality Risk Factors
CFR estimates range from 5% to 60% in case series
depending on geographic region. Multiple factors,
such as healthcare resource availability, difference in
circulating strain virulence, risk for co-infections, and
the clinician’s threshold for early CCHF testing, can
affect outcomes (14,37,45).

Several CCHF disease severity assessment mod-
els have been proposed. In 1989, Swanepoel et al. (36)
proposed a model that predicted a >90% fatal out-
come if patients had any of the following: leukocytosis
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(leukocytes >10,000/ mm?®), thrombocytopenia (plate-
lets <20,000/ mm?), AST >200 U/L or ALT >150 U/L,
aPTT >60 seconds, or fibrinogen <110 mg/dL. In
2006, Ergonul et al. (46) defined severe CCHF as the
presence of any of thrombocytopenia (<20,000/ mm?),
AST >700 U/L or ALT >900 U/L, aPTT >60 seconds,
or fibrinogen <110 mg/dL, in addition to the presence
of melena, hematemesis, or somnolence. In both mod-
els, criteria were based on signs and symptoms that
appeared within 5 days after symptom onset (36,47).

Bakir et al. (47) developed a scoring system for
CCHEF severity to aid in predicting clinical course
and mortality risk through a severity grading score
(SGS). The variables used in the SGS system are age,
routinely collected and available laboratory mark-
ers (PT, aPTT, international normalized ratio [INR],
AST, ALT, lactate dehydrogenase, and leukocyte and
platelet counts), and other clinical features (hepato-
megaly, organ failure, bleeding), each with associated
point values. Point values predicted mortality risk
(low, SGS <4; medium, SGS 5-8; high, SGS >9): pa-
tients with a high SGS at admission were at high risk
for death (sensitivity 96%, specificity 100%), whereas
a low score showed no association with mortality;
mortality risk was 20% in the medium risk group (47).

In 2022, Bakir et al. (37) published a comparison
of models’ performance in predicting death in CCHF
patients. The authors compared the sequential organ
failure assessment score, the qSOFA (quick sepsis-
related organ failure assessment), APACHE II score,
and SGS. All models except qSOFA were adequate for
predicting death when applied at admission; how-
ever, all models performed well at 72 hours and 120
hours after admission (37).
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CCHF viremia levels have been correlated with
disease severity, and viral loads equal or above 108
copies/mL and 10° copies/mL are significantly asso-
ciated with high mortality from CCHF (48,49). How-
ever, CCHF viral load measurements are not routine-
ly available to the bedside clinician.

Differential Diagnoses

The differential diagnosis for CCHFV infection might
vary geographically and is based on known occupa-
tion and environmental exposures, immunization
status, season, and the geographic location (current
and recent) of the patient. Options include, but are
not limited to, brucellosis, COVID-19, ehrlichiosis,
influenza, leptospirosis, Lyme disease, malaria, Q fe-
ver, rickettsiosis, salmonellosis, tickborne encephali-
tis, viral hepatitis, and other viral hemorrhagic fevers
(1). Obtaining a thorough history, including animal,
environmental, insect, occupational, and travel expo-
sures, is critical for assessing the likelihood of CCHF
as a potential diagnosis.

Infection Prevention and Control

Infection prevention and control measures against
CCHEF aim to minimize exposure. Such measures apply
to community, occupational, and healthcare settings.

Community Settings

The risk of acquiring CCHF in the community is pri-
marily related to exposure to ticks or infected ani-
mals. Thus, prevention efforts focus on prevention
of tick-to-human transmission (e.g., wearing protec-
tive clothing, avoiding locations with high tick bur-
den) and animal-to-human transmission (e.g., use of
gloves and other protective clothing for direct contact
with animals” bodily fluids and their tissues in CCHF-
endemic areas) (3,18).

CCHFV does not typically cause disease in ani-
mals, although tick infestation of domestic, farm, and
wild animals can increase the risk for transmission to
humans. Reducing activities in tick-infested areas and
implementing pest-management strategies in both do-
mestic and farm animals are key for preventing CCHF
transmission in agricultural communities (18). Other
proposed community strategies to mitigate the ef-
fects of CCHF include regulating and monitoring live-
stock migratory activities, media campaigns focusing
on simple CCHF prevention measures and commu-
nity engagement, easy-to-access training modules for
healthcare workers, and increased communication be-
tween veterinarian and medical health experts (3,50).

Temporal trends in incidence could help guide
the timing of community mitigation efforts for
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maximum impact. CCHF follows a seasonal pattern
and is positively associated with monthly average
temperature, monthly cumulative rainfall, and de-
creased relative humidity (Appendix reference 51).
In addition, increases in CCHF cases often occur dur-
ing or around the time of the annual celebration of
Eid al-Adha. Rural livestock brought to urban areas
for slaughter for the festivities might carry CCHFV
(either through infected ticks or because livestock
are viremic at the time of slaughter) (50). Geographic
areas where risk for CCHF is higher can be targeted
for control strategies using a predictive tool to esti-
mate the prospective number of CCHF cases for the
next 2 years (3,50).

Occupational Settings (Nonhealthcare)

Persons whose occupations expose them to animals
or raw animal tissues and fluids, such as butchers,
farmers, slaughterhouse workers, veterinarians, and
veterinary clinic staff, are at increased risk for CCHF
exposure (3; Appendix reference 52). Availability and
use of PPE when handling animals, animal carcasses,
or animal body fluids, as well as the quarantining of
livestock potentially carrying CCHFV or CCHFV-in-
fected ticks before transport and slaughter, can also
minimize human exposure in those occupations (18).

Healthcare Settings
Education on identifying signs and symptoms of
CCHEF early, rapidly isolating suspect cases, and in-
forming the appropriate authorities, as well as on
obtaining information on relevant epidemiologic
history or exposures, is essential to reducing risk for
nosocomial transmission. Human-to-human trans-
mission is most often documented in the nosocomial
setting and is thought to occur through exposure
to blood and bodily fluids of infected patients. Nu-
merous case series have described clusters of CCHF
among healthcare workers in Pakistan, Russia, Tur-
key, Mauritania, Iran, and elsewhere; failures in
infection prevention and control have been impli-
cated (22; Appendix references 53-57). In 1 study,
the seroprevalence of healthcare workers who cared
for CCHF patients was 3.78%, compared with 0%
for healthcare workers with no known exposure to
CCHF (Appendix reference 55). A delay in clinical
suspicion of CCHF and subsequent delay in imple-
menting infection control measures has also been re-
ported as a contributing factor in nosocomial trans-
mission (Appendix reference 58).

Persons who are suspected of having CCHF
should be isolated immediately to minimize the risk
for nosocomial transmission, appropriate PPE should
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be used when providing care, and relevant public
health authorities should be informed (3). Healthcare
worker PPE for the management of CCHF patients
is generally based on recommendations for other vi-
ral hemorrhagic fevers, mainly filoviruses, such as
Ebola virus disease. Both the World Health Organiza-
tion (https://www.who.int/health-topics/crimean-
congo-haemorrhagic-fever) and the US Centers for
Disease Control and Prevention (https://www.cdc.
gov/vhf/crimean-congo/index.html) apply infection
control approaches for Ebola virus disease to manage-
ment of patients with suspected or confirmed CCHF.
That guidance includes detailed recommendations
on placing and isolating patients, collecting and pro-
cessing laboratory specimens, managing waste, and
cleaning and disinfecting the environment (https://
www.cdc.gov/vhf/ebola/clinicians/evd/infection-
control.html).

Needlestick injuries and splash exposures to
mucous membranes are considered common mecha-
nisms of exposure for nosocomial CCHFV transmis-
sion from blood. Other body fluids might potentially
transmit CCHFV; CCHFV RNA can be detected in
saliva and urine early in the clinical course. Further
research regarding timing of viral presence in oth-
er bodily fluids is necessary (Appendix references
59,60). Policies and procedures for isolation, dis-
charge criteria, and guidance on the potential risk for
transmission after discharge should take into account
the potential for persistent viral shedding (20; Appen-
dix references 59-61). The patient should be placed
in a single room, when available, immediately upon
suspicion of CCHF. Although airborne transmission
has been proposed in some nosocomial clusters, de-
finitive evidence is lacking to recommend universal
use of N95 respirators for the care of CCHF patients;
however, N95 respirators or equivalent should be
worn during aerosol-generating procedures (22). As
has been noted for other viral hemorrhagic fever dis-
eases, the patient’s severity of illness seems to cor-
relate with increased risk for infections in healthcare
workers (Appendix reference 61). Despite availability
of infection prevention and control guidelines, a re-
cent survey of 23 international centers taking care of
CCHEF patients in endemic countries noted high vari-
ability in healthcare workers” use of PPE; all centers
reported a high-risk exposure in the previous 5 years
(Appendix references 61,62).

Conclusion

CCHF is the most geographically widespread tick-
borne disease, identified in >30 countries in Africa,
Asia, the Middle East, and Europe located south of the

CCHFV—Epidemiology, Manifestations, and Prevention

50th parallel north. It poses a continued public health
threat; estimated annual incidence is 10,000-15,000 cas-
es worldwide. Farmers, persons participating in out-
door recreational activities, slaughterhouse workers,
veterinarians, and healthcare workers in CCHF-en-
demic areas are at risk for infection. Clinical manifesta-
tions of CCHF range from asymptomatic infection or
mild, nonspecific febrile illness to severe hemorrhagic
disease with multiorgan failure ultimately leading to
death; reported CFR in some case series is as high as
60% (7). A high index of suspicion, comprehensive
travel and epidemiologic history, and clinical evalua-
tion are essential for prompt diagnosis. Infection con-
trol measures can be effective in reducing the risk for
transmission both within community and healthcare
settings; however, correct and consistent application is
required effectively achieve this goal.
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Crimean-Congo hemorrhagic fever virus (CCHFV) is
the most geographically widespread tickborne viral in-
fection worldwide and has a fatality rate of up to 62%.
Despite its widespread range and high fatality rate, no
vaccines or treatments are currently approved by regu-
latory agencies in the United States or Europe. Sup-
portive treatment remains the standard of care, but the
use of antiviral medications developed for other viral in-
fections have been considered. We reviewed published
literature to summarize the main aspects of CCHFV
infection in humans. We provide an overview of diag-
nostic testing and management and medical counter-
measures, including investigational vaccines and lim-
ited therapeutics. CCHFV continues to pose a public
health threat because of its wide geographic distribu-
tion, potential to spread to new regions, propensity for
genetic variability, potential for severe and fatal illness,
and limited medical countermeasures for prophylaxis
and treatment. Clinicians should become familiar with
available diagnostic and management tools for CCHFV
infections in humans.

pproximately 10,000-15,000 cases of human

Crimean-Congo hemorrhagic fever (CCHF)
occur annually worldwide (1-3). However, more
definitive case numbers are difficult to ascertain
because up to 88% of infections are thought to be
subclinical (1-3), unrecognized, or occurring in lo-
cations with limited disease surveillance or labora-
tory testing capability (4,5). CCHF virus (CCHFV)
causes a spectrum of human clinical manifestations,
ranging from asymptomatic infection to a severe
hemorrhagic fever marked by shock and multiorgan
failure (Figure). During CCHF outbreaks, the case-
fatality rate ranges from 5% to 30% (1), and some
published case series have reported fatality rates up
to 62% (6). Disease caused by CCHFV infection is
limited to humans, but asymptomatic transient vi-
remia lasting up to 15 days has been documented in
livestock and wild animals (7). Severe or fatal dis-
ease correlates with an exuberant proinflammatory
immune response leading to vascular dysfunction,
disseminated intravascular coagulation, multiorgan
failure, and shock (8). Although the detection of IgM
(usually present as early as day 4-5 of illness) and
IgG (usually detectable after days 7-9 of illness) cor-
relates with declining viremia, fatal cases of CCHF
often mount no or very late immune responses (9).
However, the antibody response to CCHFV does
not correlate with disease outcome or protection
from vaccines. That feature of CCHF, combined
with a paucity of available animal models (10),
makes vaccine and treatment research challenging.
The US Food and Drug Administration (FDA) has
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not approved any vaccines or treatments for CCHF.
Ribavirin is commonly used for treatment but clini-
cal evidence regarding its benefit is mixed. Another
antiviral medication, favipiravir, shows promise in
animal models but has rarely been used in human
CCHF management. Vaccine candidates are mostly
in preclinical development, and few have advanced
to human clinical trials to date.

This third article in a 3-part series summarizing
the main aspects of CCHF is intended to provide cli-
nicians with an overview of diagnostic testing, man-
agement, and medical countermeasures for CCHF.
The first article focuses on the virology, pathogenesis,
and pathology of CCHF (11) and the second on epide-
miology, clinical features, and prevention and control
of CCHF (12).

Methods

For this paper, we conducted a focused review of
National Center for Biotechnology’s MeSH (Medi-
cal Subject Headings, https://www.ncbi.nlm.nih.
gov/mesh) and PubMed (https://pubmed.ncbi.nlm.
nih.gov) search strings customized for CCHF and
CCHFV. We focused our review on the past 10 years
and on human data, when available. We included
older relevant data and animal data where appropri-
ate. We conducted title, abstract, and full text reviews
of relevant manuscripts, reviews, and book chapters.
We also completed bibliography scans on review
articles and meta-analyses.

Diagnostic Testing

The nonspecific CCHF characteristics make a high in-
dex of suspicion, on the basis of epidemiologic histo-
ry, clinical signs and symptoms, and initial laboratory
findings, key for early diagnosis and initiation of ag-
gressive treatment. Delays in diagnosis and hospital-
ization are common and have occurred in up to 68%
of patients in Turkey and led to increased mortality
rates when compared with patients whose infections
are diagnosed early (13).

Although many laboratory assays have been
developed for diagnosing CCHF, the availabil-
ity and Biosafety Level (BSL) requirements for safe
specimen handling vary widely between countries.
Sweden, Switzerland, France, Germany, Italy, and
the United Kingdom recommend BSL-4 for CCH-
FV diagnostic assays (14). Conversely, the United
States, South Africa, Kazakhstan, Slovenia, and
Georgia allow diagnostic tests to be performed in
BSL-3 laboratories, and Bulgaria, Turkey, and Ser-
bia recommend BSL-2 laboratories (15). For most
testing modalities, other than viral culture, viral
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SYNOPSIS

Prehemorrhagic phase
7-9 days

Viremia

Fever, myalgia,
headache, nausea,
vomiting

Convalescence period
up to 12 months

1gG 7 days—5 years

——————————*

Hair loss, memory loss, PTSD,
hearing impairment, fatigue, etc.

Figure. Overview of Crimean-Congo hemorrhagic fever virus symptom onset, clinical course, and diagnostic testing timeframes. ALT,
alanine aminotransferase; AST, aspartate aminotransferase; DIC disseminated intravascular coagulation; PLTs, platelets; PTSD, post-

traumatic stress disorder; WBCs, white blood cells.

inactivation of the sample can be performed to
downgrade the BSL requirement (16,17).

Diagnosis can be obtained either by viral de-
tection or identification of an immune response
against CCHFV (Table), and test selection is guided
by clinical phase. Although most viral detection
tests, either viral culture, nucleic acid amplification
tests, or viral antigen detection assays, will have
greater sensitivity than immunoassays for diagno-
sis during the prehemorrhagic or early hemorrhag-
ic phases, serologic testing is reserved for a delayed
diagnosis or beyond day 5 after symptom onset
(17) (Table; Figure). If a negative antibody test is
obtained during the second week of illness in a pa-
tient suspected to have CCHF, a direct viral assay
might be warranted for diagnostic clarification (17).
Undetectable IgM and IgG in CCHF patients with
fatal outcomes have been described (9). Whether
those patients succumbed to CCHF because of
failure to mount an antibody response, a rapidly
progressive clinical course with fatal outcome be-
fore day 7, or formation of immune complexes that
made antibodies undetectable is unclear (9).

Direct viral detection tests are useful dur-
ing viremic stages of CCHF. Viral cultures us-
ing cell lines or intracerebral inoculation of suck-
ling mice can detect a wide diversity of CCHFV
strains; however, viral cultures are time-consuming,

866

and results can take several days. Another chal-
lenge is the paucity of BSL-3 and BSL-4 labo-
ratories able to safely perform viral cultures in
endemic areas (17). Nucleic acid amplification
tests, such as reverse transcription PCR (RT-PCR),
can be useful for diagnosis until up to days 10-12
of illness. Assays can be run in inactivated samples
in BSL-2 and BSL-3 facilities, but correct inactivation
methods need to be selected for compatibility with
the chosen diagnostic test (15,16). Some of those
assays are designed as multiplex assays instead of
CCHFV-specific and provide breadth to rule out
other viral hemorrhagic fevers (17). Assays capable
to detecting viral load also are available (17). How-
ever, accuracy of those tests varies and is affected by
the match between the PCR primers used and the
viral strain because of the wide genetic diversity of
CCHFV (17). Accuracy can be improved by using
real-time RT-PCR (rRT-PCR) or a combination of
rRT-PCR and conventional RT-PCR or rRT-PCR and
nested RT-PCR (17). Combining assays can increase
accuracy to 80% from 66% of reference samples
when using conventional RT-PCR alone and from
46% when using nested RT-PCR alone (17).

Viral antigen detection tests, such as ELISA for
serum or immunohistochemistry for tissue from bi-
opsies or autopsy samples, also can be used early
in the disease. Those assays require a lower level
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of laboratory sophistication, can be done on inac-
tivated samples, and offer timely results; however,
assay sensitivity decreases as antibodies become
detectable. IgM can be detectable as early as 4-5
days and usually by 7-9 days after symptom onset,
peaks within 2-3 weeks, and declines to an almost
undetectable level by month 4 from symptom on-
set (9,16,17). 1gG typically becomes detectable 1-2
days after IgM (usually 7-9 days after illness onset),
peaking in some patients between weeks 2-3 and
between 2-5 months in some other patients. IgG re-
mains detectable for at least 3 years (9,16,17). Neu-
tralizing antibodies, although not routinely tested in
the clinical setting, often can be detected by day 10
with variable titers (9).

CCHF diagnosis can be confirmed not only by
the direct viral identification methods described,
but also by evidence of a serologic response consis-
tent with acute infection. CCHFV serologic testing
is typically recommended 5-7 days after symptom
onset; ELISA and immunofluorescence assays are
the most common (16) (Figure). ELISA results are
considered consistent with acute infection if either

CCHFV—Diagnosis, Clinical Management, Therapeutics

CCHFYV IgM is detected or a 4-fold increase in CCH-
FV IgG titers occurs between serial blood samples.
Some CCHFV antibody assays are known to cross-
react with Nairobi sheep disease serogroup, which
also causes human disease in some CCHF endem-
ic areas, and with Hazara virus, a member of the
CCHFYV group with no documented human disease
(18). Several ELISA kits are commercially available
for research but not for clinical diagnostic testing,
and their sensitivity and specificity are also suscep-
tible to CCHFV genetic variability (16). However,
some of those assays have sensitivities >80% and
specificities close to 100% (17). One commercially
available immunofluorescence assay demonstrated
a sensitivity of 93.9% for IgM and 86% for IgG and
100% specificity for both (17) (Table). No commer-
cial rapid CCHF diagnostic tests are available for
clinical use (16,17,19).

In the United States, testing of clinical speci-
mens for CCHFV at designated reference laborato-
ries should be arranged by consulting with respec-
tive local public health authorities and coordinating
with the Centers for Disease Control and Prevention.

Table. Advantages and disadvantages of various diagnostic tests for CCHFV*

Test selection Timing

Advantages

Disadvantages

Viral detectiont

Viral culturet Early after symptom
onset

NAAT, RT-PCR <10-12 days after

symptom onset

Viral antigen detection
ELISA <5-9 days after

symptom onset

Detects a wide diversity of
CCHFYV strains

If samples are inactivated,
then NAAT can be run in
BSL-2 or BSL-3 facilities.
Several multiplex assays
available, and some can

quantify viral load.

Timely results. Viral
inactivation can be

Requires BSL-3 or BSL-4 laboratory, which are
not readily available in endemic areas. Requires
several days to yield a result.

Variable sensitivity depending on match between
primers and infecting strain. Sensitivity and
specificity can vary by geographic region.
Better sensitivity (80%) when PCR combinations
used, e.g., rRT-PCR and conventional PCR or
rRT-PCR and nested PCR (17).

Decreased sensitivity after CCHFV antibodies
are detectable.

performed. Requires less
laboratory specialization.

Immunohistochemistry <5-9 days after

symptom onset

Can assist in retrospective
diagnosis for fatal cases.

Requires biopsy or necropsy samples.

Immune response, serology
IgM ELISAS or IFAY Detectable 7-9 days
after symptom onset;
peak 2—-3 weeks;
declines to low levels
by month 4

IgG ELISAS, IFAT], or Detectable 1-2 d

ELISA sensitivity 87.8%,
specificity 98.9.
IFA sensitivity 93.9%,
specificity 100% (17).

ELISA sensitivity 80.4%,

Commercially available kits for research but not
for clinical laboratories; variable geographic
sensitivity; IgM might not be detectable in fatal
cases

Commercial ELISA and IFA kits available for

Luminex xXMAP

Neutralizing antibodies#

after IgM, peaks 2
wks—5 mo;
detectable for <3y
>10 days after illness
onset

specificity 100%.

IFA sensitivity 86.1%
specificity 100% (17).
Can be performed in BSL-2
facilities

research but not for clinical laboratories; variable
geographic sensitivity; IgM might not be
detectable in fatal cases
Takes several days to perform. Not routinely
used for diagnostic purposes.

*BSL, Biosafety Level; CCHFV, Crimean-Congo hemorrhagic fever virus; RT-PCR, reverse transcription PCR; rRT-PCR, real-time RT-PCR; Ddx,
differential diagnoses; IFA: immunofluorescence assays; Nabs, neutralizing antibodies.
tRecommended when patient is viremic. Could be performed as cell culture or intracerebral inoculation of mice.

1RT-PCR could be real-time, conventional, nested or a combination
§VectroCrimea-CHF (Vector-Best, https://en.vector-best.ru).

{[Crimean Congo Fever Mosaic 2 (Euroimmun, https://www.euroimmun.com).

#Pseudoplaque or plaque reduction neutralization tests for CCHFV viral-like particles.
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SYNOPSIS

CCHFV is a notifiable communicable disease in the
United States and Europe and is considered a cat-
egory A priority pathogen by the National Institute
of Allergy and Infectious Diseases (NIAID; https://
www.niaid.nih.gov/research/emerging-infectious-
diseases-pathogens). Thus, clinicians should coor-
dinate with public health authorities for collecting
and shipping clinical samples and should follow re-
quirements by the US Department of Transportation
Hazardous Materials Regulations, 49 CFR 171-180
(https:/ /www.ecfr.gov/current/title-49/subtitle-B/
chapter-1/subchapter-C), and the International Air
Transport Association Dangerous Goods Regulations
(https:/ /www iata.org/en/publications/dgr).

Medical Countermeasures

No FDA-approved medications or vaccines are avail-
able to prevent or treat CCHF, nor are any approved
by the European Medicines Agency. In this section, we
describe evidence for off-label use of existing medica-
tions and upcoming investigational countermeasures
that are in development and have been assessed for
prophylactic or therapeutic effects on CCHFV infec-
tion in humans or animal models. The first article in
this series should serve as a reference on virologic fea-
tures when reviewing medical countermeasures and
vaccine sections (11).

Preexposure Prophylaxis and CCHF Vaccines
A single vaccine is available to prevent CCHF in hu-
mans, produced by BulBio-NCIPD Limited (https://
wwww.bulbio.com), but its licensure is limited to
Bulgaria. This vaccine originally was developed in
the former Soviet Union in 1970 and has been used
in at-risk populations in Bulgaria, primarily military
and medical personnel, since 1974 (20). The vaccine
consists of chloroform and heat inactivated CCHFV
strain V42/81 isolated from suckling mouse brain
tissue (20). The vaccine series is administered in 2
intramuscular doses 30 days apart, a 3rd dose at 1
year, and subsequent booster doses every 5 years
(20). The vaccine has been shown to elicit CCHFV
IgG but with low viral neutralization activity and
T-cell responses to the CCHFV nucleoprotein (21).
No vaccine effectiveness data are available. A 4-fold
decrease in CCHFV diagnoses in Bulgaria was dem-
onstrated in the 21 years after introduction of that
vaccine; however, the degree to which the decrease
is attributable to vaccination versus other measures
remains unclear (20).

Aside from the inactivated vaccine available in
Bulgaria, only 1 vaccine candidate, an inactivated
vaccine derived from cell culture, has advanced to
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human clinical trials (https://www.ClinicalTrials.
gov, no. NCT03020771). Although a phase 1 trial has
been completed, no results were available by early
2023. Several other vaccine candidates are in preclini-
cal development. Those vaccines primarily target the
CCHEFYV glycoprotein, nucleoprotein, or both, includ-
ing DNA-based (22-29), RNA-based (30,31), protein
subunit-based (32-34), viral replicon particle-based
platforms (35-38), and recombinant viral vector-
based platforms that use bovine herpesvirus type 4,
human adenovirus 5, modified vaccinia Ankara, and
vesicular stomatitis virus (39-44). Vaccine-induced
protection might be elicited by vaccines containing
either the CCHFV glycoprotein or nucleoprotein in
preclinical studies, but not consistently across vac-
cine platforms expressing the same antigen (Ap-
pendix 1 Table, https://wwwnc.cdc.gov/EID/
article/30/5/23-1648-Appl.pdf).

The World Health Organization has identified
development of CCHF vaccines as a priority (45)
but faces multiple challenges, including the high
degree of genetic diversity between CCHFV strains,
the need for high biocontainment laboratories to
perform challenge studies, and the limited animal
models in which CCHF disease can be replicated.
Animal models amenable to vaccine studies were
not available until lethal CCHF disease models
in mice with deficits in type 1 interferon signaling
pathways (STAT1-/—- and IFNAR-/- mice) were
identified in 2010 (46,47). Recently developed mod-
els of CCHF disease in humanized mice, in cyno-
molgus macaques (Macaca fascicularis), and among
immunocompetent mice using a mouse-adapted
CCHFV variant provide additional options for fu-
ture CCHF vaccine studies (48-50). The lack of im-
mune correlates of protection against CCHFV addi-
tionally poses a challenge for vaccine development.
Neither CCHFV antibody titers nor neutralizing
antibody titers correlate with vaccine-induced pro-
tection against disease or survival in animal models
(9,10,25,26,32,43). However, recent data from a novel
repRNA vaccine expressing CCHFV nucleoprotein
suggest that a single dose of this vaccine could in-
duce robust and protective immunity in mice (30).
Some studies suggest that both humoral and cellular
immune responses might be required for full protec-
tion against CCHF disease and death (30,42).

Postexposure Prophylaxis

Ribavirin (1-B-D-ribofuranosyl-1,2,4-triazole-3-carbox-
amide) is a purine nucleoside analog that acts against a
widerange of viruses (Appendix 2 [https:/ /wwwnc.cdc.
gov/EID/article/30/5/23-1648-App2.pdf] references
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51,562). Ribavirin has multiple potential mechanisms of
antiviral activity and in vitro antiviral activity against
CCHFV (Appendix 2 references 51,52). The effec-
tiveness of oral ribavirin prophylaxis for preventing
CCHEF is unknown, but it has been used as postex-
posure prophylaxis among healthcare workers with
known CCHFV exposures (Appendix 2 references
53-56). The optimal dosing and duration of postex-
posure prophylaxis is unclear; postexposure riba-
virin regimens reported to date for CCHFV include
total doses ranging from 1,200 to 4,000 mg daily and
doses administered from 2 to 4 times daily for 5-14
days, with or without a loading dose (21) (Appen-
dix 2 references 53-57). CCHFV seroconversion has
been reported among healthcare workers who were
administered postexposure ribavirin prophylaxis af-
ter sustaining breaches in personal protective equip-
ment while managing CCHF patients (Appendix 2
references 54,58). Mild symptoms in those healthcare
workers initially were attributed to side effects from
ribavirin (Appendix 2 references 54,58). Ribavirin
frequently causes side effects, including fatigue, gas-
trointestinal symptoms, headache, hemolytic anemia,
and laboratory abnormalities (Appendix 2 references
54,55). Ribavirin is contraindicated during pregnancy
and has an FDA category X rating because of poten-
tial embryotoxic and teratogenic effects (Appendix 2
reference 59).

Antiviral Drug Treatments

Ribavirin

In addition to postexposure prophylaxis, ribavirin has
been used to treat CCHF. Ribavirin reduces CCHFV
viral loads in murine models (Appendix 2 references
60,61). However, similar viremia reductions have not
been observed among infected humans treated with
ribavirin compared with untreated control patients
(Appendix 2 references 62,63).

Evidence from human studies of ribavirin for
CCHEF treatment mainly consists of case series, case-
control studies that use historical controls, and retro-
spective analyses, but few randomized clinical trials
have been conducted, and meta-analyses identified
potential for bias in multiple studies (Appendix 2 ref-
erences 64-67). In addition to variable study design,
comparison of ribavirin effectiveness across studies is
challenging because study outcomes could be influ-
enced by other heterogeneous factors, such as differ-
encesin theadministrationroute (oral vs. intravenous)
and dosing of ribavirin, timing of ribavirin initiation,
co-administration of other potential disease-modify-
ing medications, severity of patients analyzed, and
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variation in predominant CCHFV strains in different
geographic regions.

A prospective, randomized clinical trial of oral
ribavirin for CCHF treatment conducted in Turkey
compared ribavirin with supportive therapy alone
(Appendix 2 reference 68). In that study, patients
were administered 30 mg/kg ribavirin as a loading
dose, then 15 mg/kg every 6 hours for 4 days, after
which they received 7.5 mg/kg every 8 hours for 6
days. The researchers observed no substantial differ-
ences in death, hospitalization duration, time to nor-
malization of transaminases, or percentage of patients
requiring platelet transfusions (Appendix 2 reference
68). Several meta-analyses reveal mixed results for
effects of ribavirin on CCHF, ranging from no clear
survival benefit to a 1.7-fold reduction in mortality
rates among CCHF patients treated with ribavirin
compared with those not receiving ribavirin (Appen-
dix 2 reference 64-67).

Favipiravir

Favipiravir (6-fluoro-3-hydroxy-2-pyrazinecarbox-
amide) is a pyrazine analog that inhibits RNA poly-
merase activity in a wide variety of viruses. In vitro
studies suggest that premature chain termination
induced by favipiravir exceeds that of ribavirin for
CCHFV and demonstrate synergistic antiviral ef-
fects when ribavirin and favipiravir are combined
(Appendix 2 references 69,70).

Favipiravir is not licensed for use in the United
States but is licensed for treatment of novel influenza
A in Japan. Early favipiravir treatment for CCHFV in-
fection reduces viral loads and clinical signs in both
murine and macaque CCHF models, but prolonged
viral detection and occasional late-onset CCHF dis-
ease were observed in mice (Appendix 2 references
60,71). In lethal CCHFV challenge mouse models,
treatment with favipiravir enhanced disease survival,
even when initiated as late as 6 days postinfection
(Appendix 2 references 60,70). Only 1 case of human
CCHEF treatment with favipiravir has been described: a
patient hospitalized with CCHFV and SARS-CoV-2
co-infection was treated with 1,600 mg favipiravir
twice daily on day 1, then 600 mg twice daily for
4 days; the patient subsequently recovered (Ap-
pendix 2 reference 72). Favipiravir induces tera-
togenicity in animal models and should be avoid-
ed in pregnant and lactating women, if possible.
Additional adverse effects include the potential for
gastrointestinal distress (e.g., nausea, vomiting, or
diarrhea), increased bilirubin levels, transaminitis,
QTc prolongation, and hyperuricemia (Appendix
2 reference 73).
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Other Treatments

Supportive therapy remains the mainstay of CCHF
treatment. Such therapy includes fluid replacement,
management of electrolyte disturbances, blood prod-
uct replacement for critically low levels and coagu-
lopathy (e.g., fresh frozen plasma, packed red blood
cells, or platelets), treatment of secondary infections,
and external support for organ dysfunction (e.g., he-
modialysis, mechanical ventilation) when necessary
(Appendix 2 references 74-77). Aspirin and nonste-
roidal antiinflammatory drugs should be avoided be-
cause of the potential inhibition of platelet aggrega-
tion or agglutination.

Therapeutic plasma exchange and plasmapher-
esis have been used to treat CCHF, but the clinical
benefits of those measures remain unclear because
data are limited to individual case reports or small
case series (Appendix 2 references 78-81). In pa-
tients with CCHEF-related hemophagocytic lympho-
histiocytosis, use of intravenous immunoglobulin
or high dose steroids, in addition to blood product
transfusions, has been reported (Appendix 2 ref-
erences 82,83). In a study of 35 CCHF patients in
Iran, high dose methylprednisolone (10 mg/kg for
3 days, followed by 5 mg/kg for 2 days) adminis-
tered with ribavirin to patients with platelet counts
<50,000/mL resulted in higher platelet and leuko-
cyte counts and decreased need for transfusions
compared with ribavirin alone, but no difference in
deaths was observed (Appendix 2 reference 84). In
1 retrospective study, fewer deaths were observed
among patients with severe CCHF who received
both corticosteroids and ribavirin therapy com-
pared with those treated with ribavirin alone, but
no statistically significant decrease in deaths was
observed among patients with mild or moderate
CCHEF treated with this combination (Appendix 2
reference 85). In 1 meta-analysis, an additional de-
crease in deaths was observed for corticosteroids in
addition to ribavirin compared with ribavirin alone
(Appendix 2 reference 65).

Hyperimmune immunotherapy for CCHF us-
ing pooled serum or plasma harvested from CCHF
survivors or CCHF vaccine recipients has been re-
ported, but its effectiveness is unknown because
its use has only been reported in small case series
(Appendix 2 references 86-88). Hyperimmune se-
rum for CCHF treatment is not approved by ei-
ther the FDA or the European Medicines Agency.
Monoclonal antibodies for CCHF are in preclinical
development and show improved survival among
mouse models, but the degree of protection con-
ferred by some monoclonal antibodies varied
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depending on the infecting CCHFV strain (Appen-
dix 2 references 89,90).

Conclusion

CCHFV poses a continued public health threat
given its wide geographic distribution, potential to
spread to new regions, propensity for genetic vari-
ability, and potential for severe and fatal illness.
Although infection control measures can be effec-
tive in reducing the risk for CCHFV transmission
within community and healthcare settings, those
measures require correct and consistent applica-
tion. An urgent need exists for new CCHF diagnos-
tic tests, prophylaxes, and treatments. The current
lack of licensed effective therapeutic and prophy-
lactic drugs, gaps in our understanding of CCHFV
pathogenesis and immunology, and slow progres-
sion in development of CCHF medical counter-
measures are in part related to the dearth of ani-
mal models and high level of biosafety precautions
needed to safely work with CCHFV.

In conclusion, to promptly diagnose CCHF, clini-
cians should have a high index of suspicion, collect a
comprehensive travel and epidemiologic history, and
perform a thorough clinical evaluation. Evidence to
demonstrate human benefit from off-label use of riba-
virin and favipiravir is disparate. Because few medi-
cal countermeasures are available for prophylaxis
and treatment, supportive care remains the treatment
standard for CCHF disease management. New CCHF
diagnostic tests, prophylaxis, and treatments are ur-
gently needed. Given its wide range and potential for
severe outcomes, clinicians should become familiar
with available diagnostic and management tools for
CCHEFYV infections in humans.
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Case Series of Jamestown Canyon
Virus Infections with Neurologic
Outcomes, Canada, 2011-2016

Vanessa Meier-Stephenson, Michael A. Drebot, Kristina Dimitrova, Melanie DiQuinzio, Kevin Fonseca,
David Forrest, Todd Hatchette, Muhammad Morshed, Glenn Patriquin, Guillaume Poliquin,
Lynora Saxinger, Bouchra Serhir, Raymond Tellier, Christian Therrien, Linda Vrbova, Heidi Wood

Jamestown Canyon virus (JCV) is a mosquitoborne or-
thobunyavirus in the California serogroup that circulates
throughout Canada and the United States. Most JCV ex-
posures result in asymptomatic infection or a mild febrile
illness, but JCV can also cause neurologic diseases, such
as meningitis and encephalitis. We describe a case series
of confirmed JCV-mediated neuroinvasive disease among
persons from the provinces of British Columbia, Alberta,
Quebec, and Nova Scotia, Canada, during 2011-2016.
We highlight the case definitions, epidemiology, unique
features and clinical manifestations, disease seasonality,
and outcomes for those cases. Two of the patients (from
Quebec and Nova Scotia) might have acquired JCV infec-
tions during travel to the northeastern region of the United
States. This case series collectively demonstrates JCV’s
wide distribution and indicates the need for increased
awareness of JCV as the underlying cause of meningitis/
meningoencephalitis during mosquito season.

amestown Canyon virus (JCV) is a mosquitoborne

arbovirus belonging to the California serogroup
(CSG) viruses (genus Orthobunyavirus, family Peri-
bunyaviridae). JCV was first isolated from pooled
Culiseta inornata mosquitoes in 1961 in Jamestown
Canyon, Colorado, USA (1). JCV transmission oc-
curs through bites during blood meal acquisition
by Aedes, Culesita, or Anopheles mosquitoes, which
have wide geographic ranges across North America
(1-3). Despite the existence of JCV in mosquito and
mammal hosts, the first human cases of JCV-asso-
ciated illness were not recognized until 1980 (4-8).

In North America, the primary amplifying host is
thought to be white-tailed deer; however, serologic
evidence of JCV has been documented in various
domestic and nondomestic animals, including dogs,
sheep, mink, cows, horses, foxes, polar bears, elk, and
deer (9,10). In addition, JCV can pass transovarially
within the mosquito, which can result in infections
early during the mosquito season in May and June;
those cases have been documented in different prov-
inces in Canada (11; M.A. Drebot, unpub. data).

Human cases of JCV infection are uncommon and
have been sporadic. The first JCV infection in Canada
was identified in 1981 in an Ontario resident (§), and,
over the subsequent 4 decades, 1-90 probable and
confirmed cases of JCV infection in Canada have been
documented each year (2,12-15; M.A. Drebot, unpub.
data). In the United States, an average of 16 neuroin-
vasive JCV cases have been reported each year since
2011 to the Centers for Disease Control and Preven-
tion (CDC) (16,17). However, JCV infections are likely
underdiagnosed and underreported because of as-
ymptomatic or mild manifestations observed in most
infected persons (18-22).

Whereas most exposures to JCV are asymptom-
atic, clinical manifestations can range from a mild
febrile illness to neuroinvasive disease (23-25). We
describe 5 cases of JCV neurologic infections that
were reported in the provinces of British Columbia,
Alberta, Quebec, and Nova Scotia in Canada during
2011-2016.
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Methods

Clinical Data and Ethics Statement

We obtained all clinical data through chart review after
patient consent within their respective institutions. The
Health Canada and Public Health Agency Research
Ethics Board provided approval for this research.

California Serogroup Virus Serology

We screened serum samples for snowshoe hare vi-
rus (SSHV) and JCV virus antibodies by using CDC-
based or in-house IgM capture ELISAs, as previously
described (26). We used plaque reduction neutraliza-
tion tests (PRNTs) to confirm JCV infections and CSG
virus exposures (25,27). We considered the titration
endpoint to be the highest dilution of a patient’s se-
rum that inhibited >90% of plaque formation rela-
tive to virus controls and a serum titer of >1:20 to be
positive. We used endpoint titrations to discriminate
cross-reactivity between related CSG viruses.

Case Definitions

A confirmed case of JCV infection is defined by the
Public Health Agency of Canada as clinical illness oc-
curring when and where transmission is likely and
laboratory identification of either JCV nucleic acid
in blood or cerebrospinal fluid (CSF), a JCV-specific
PRNT with >4-fold increase in titer between paired
acute and convalescent serum samples (ideally col-
lected >2 weeks apart), or the presence of JCV IgM
in a CSF sample and a PRNT titer of >1:20 in a serum
sample (Appendix, https://wwwnc.cdc.gov/EID/
article/30/5/22-1258-Appl.pdf) (2). A probable case
is defined as clinical illness accompanied by the pres-
ence of JCV-specific [gM and a PRNT titer of >1:20 in
1 serum sample. The definitions are similar to those in
the CDC guidelines (28).

Cases

Case 1

On June 23, 2013, a previously healthy 66-year-old
man from the Nanaimo region, British Columbia,
was admitted to a hospital because of a 2-day history
of fever, fatigue, and cough and subsequent vomit-
ing and diarrhea. He was confused at admission
and had a Glasgow coma scale score of 11, but his
condition deteriorated, requiring transfer to the in-
tensive care unit for worsening encephalopathy and
respiratory distress that ultimately required intuba-
tion. A computed tomography (CT) scan of his head
revealed no abnormalities, and a lumbar puncture
was performed; CSF had 50 x 10° leukocytes/L (85%
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lymphocytes), 3 mmol/L glucose (reference range
2.2-3.9 mmol/L), and 1.45 g/L protein (reference
range 0.2-0.45 g/L) (Table). The patient had recur-
rent myoclonus and possible tonic-clonic seizures;
an electroencephalogram showed generalized slow-
ing with bifrontal spike and slow discharges but
no clear electrographic seizure activity. Magnetic
resonance imaging (MRI) of the brain showed non-
specific white matter hyperintensities and changes
consistent with inflammation and was atypical for
ischemic injury.

Serum and CSF samples were negative for cryp-
tococcal antigen, and bacterial and fungal culture
results were also negative. In CSF samples, results
of PCR testing for herpes simplex virus (HSV) and
varicella zoster virus and reverse transcription PCR
for enteroviruses were negative. Serum samples were
negative for Borrelia, Bartonella, Leptospira, Mycoplas-
ma, Francisella, Coxiella burnetii, Toxoplasma, HIV, West
Nile virus (WNV), hepatitis viruses, measles, and
parvovirus. PRNTs for JCV IgM had positive titers of
1:40 on June 23 and 1:80 on June 30. Further testing
documented that both serum and CSF samples had
JCV-specific neutralizing antibodies (Table).

Six months later, the patient reported ongoing
issues with coordination and balance. He also noted
continuing problems with concentration, short term
memory, and depression and was consequently un-
able to resume work.

Cases 2

An otherwise healthy 48-year-old man from Alberta,
manifested bilateral retroorbital and temporal pain
in late September 2011. He also had left-sided arm
and leg parasthesias lasting ~5 minutes. Exposures
before onset of symptoms included travel to Ca-
domin and Wabamun in Alberta (Figure). He also
traveled to his vacation home in Las Vegas, Nevada,
USA, where his headache became persistently severe
the next day, and vomiting, a stumbling gait, and a
spinning sensation developed. He sought medical
care but was presumed to have influenza and was
discharged. He displayed confusion and unusual
behavior, such as calling his wife but not speak-
ing, over the next 4 days. He returned to Alberta,
where he was found to be dazed and walking oddly
with evident confusion and had several episodes of
short-term memory loss. His retroorbital headache
and paraesthesia of his right thigh were still pres-
ent. He was taken to an emergency department
(ED). After unremarkable results for CT head scan
and symptom improvement were observed, he was
again discharged. He was unreachable for a period
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Table. CSF and serologic characteristics of patient samples in case series of Jamestown Canyon virus infections with neurologic

outcomes, Canada, 2011-2016*

Case Age, JCV IgM, PRNT titer, acute PRNT titer, IgM or PRNT
no. Province Date y/sex CSF parameterst blood serum convalescent serum titer, CSF
1 BC Jun  66/M 50 x 10° leukocytes/L, 85% +, Jun 23; JCV, 1:40, Jun 23; NA JCV, + IgM,
2013 lymphocytes; 1.45 g/L +,Jun 30 JCV, 1:80, Jun 30; 1:10 PRNT,
protein; 3.0 mmol/L glucose no SSHV reported Jun 26;
SSHV, -
IgM/PRNT
2 AB Sep 48/M 246 x 10° leukocytes/L, 1% +,Sep 27  JCV, 0, Sep 27; JCV, >1:80, Oct 4; JCV, +IgM,
2011 neutrophils, 98% SSHYV, 0; Sep 27 SSHYV, 0; Oct 4 Sep 26
lymphocytes; 1.73 g/L
protein; 4.0 mmol/L glucose
3 AB Sep 68/M 321 x 10° leukocytes/L, 52% +,Sep26  JCV, 0, Sep 26; JCV, 1:40, Nov 5; NA
2013 neutrophils, 36% SSHYV, 0; Sep 26 SSHYV, 0; Nov 5
lymphocytes; 0.54 g/L
protein; 4.7 mmol/L glucose
4 QC Aug 53/M  5x10°leukocytes/L, 0.10  +, Aug 26; JCV, 1:640, Aug  JCV, 1:2,560, Sep JCV, +IgM, —
2011 g/L protein, 5.3 mmol/L +,Sep 19; 26; SSHV, 1:160; 19; SSHV, 1:640; PRNT, Aug
glucose +, Sep 30 Aug 26 Sep 19; JCV, 1:640, 26; JCV,+
Sep 30; SSHY, IgM, 1:16
1:160, Sept 30 PRNT, Sep 6
5 NS Jun  70/M 41 x 10° leukocytes/L, 100% +, JCV; +,  JCV, 1:320, Jul JCV, 1:1,280, Aug  JCV, +IgM,
2016 lymphocytes; 0.67 g/L SSHV 29; SSHV, 1:40; 11; SSHV, 1:80, Aug  1:4 PRNT,
protein; 3.2 mmol/L glucose Jul 29 11 Jul 27,
SSHYV, —
IgM/PRNT

*AB, Alberta; BC, British Columbia; CSF, cerebrospinal fluid; JCV, Jamestown Canyon virus; NA, not applicable; NS, Nova Scotia; PRNT, plaque
reduction neutralization test; QC, Quebec; SSHV, Snowshoe Hare virus; +, positive; —, negative.
tReference ranges for CSF: leukocyte count, 0-5 x 10° cells/L; protein, 0.2—0.45 g/L; glucose, 2.2—3.9 mmol/L.

the next day and unable to speak when he answered
his phone. He was found in his vehicle on the side of
the road, pulled over and vomiting, and he indicated
that he had a headache. In the ED, a repeat CT head
scan showed a vague 5-mm low-density focus with-
in the right parietal lobe, but no other acute changes
were observed. His peripheral complete blood cell
count, electrolytes, and renal and liver function mea-
surements were all within reference ranges. CSF re-
vealed 246 x 10° leukocytes/L (98% lymphocytes),
4 mmol/L glucose, and 1.73 g/L protein. Bacterial
culture results were negative. CSF was negative for
enterovirus/ parechovirus, varicella virus, and HSV.
He was discharged after 3 days with a plan for a fol-
low-up MRI as an outpatient. While at work the next
day, he became uncommunicative and had a head-
ache and right-sided paraesthesias and was hospi-
talized. His neurologic exam revealed depressed
mental status and poor concentration. He had asym-
metric reflexes (left side reflexes were greater than
the right), spastic tone, and downgoing plantar re-
flexes. Bloodwork and CSF results were essentially
unchanged. He had an electroencephalogram, which
showed frontal intermittent rhythmic delta activity;
an MRI showed multiple nonspecific hyperintensi-
ties in the right frontal cortex and right splenium of
the corpus callosum.

Acute and convalescent serum samples were posi-
tive for JCV IgM, and a convalescent PRNT had a titer
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>1:80. In February 2012, a repeat lumbar puncture was
performed; CSF was positive for JCV IgM. The patient
made a full recovery without any further sequelae.

Case 3

A 65-year-old man with a history of Merkel cell can-
cer, parotidectomy, well-controlled type 2 diabetes,
and hypertension manifested acute onset of a dull,
unilateral frontal headache during mid-September
2013 in Alberta. Two weeks before onset of symp-
toms, the patient had been golfing and camping in
Three Hills, Alberta, and recalled having received
several mosquito bites (Figure). Chills and sweats
accompanied by several episodes of vomiting devel-
oped 2 days after headache onset. He sought care at
an ED 4 days later because of a persistent headache
and fever of 38.2°C. A preliminary examination, in-
cluding bloodwork for temporal arteritis, was nega-
tive. Later that evening, he became progressively
confused with fluctuating arousal. A CT head scan
showed no intracranial pathology, and normal si-
nuses were observed. CSF showed pleocytosis; 320.6
x 10° leukocytes/L (52% neutrophils, 36% lympho-
cytes) was observed. High levels of polymorphonu-
clear cells but no organisms were seen after Gram
staining. Glucose level was 4.7 mmol/L; protein was
0.54 g/ L. Peripheral blood showed a leukocyte count
of 14.6 x 10° cells/L (12.4 x 10° neutrophils/L); he-
moglobin, platelets, electrolytes, and renal function
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Figure. Regions of potential virus exposure in case series of Jamestown Canyon virus infections with neurologic outcomes, Canada,
2011-2016. Red stars indicate regions reported by each symptomatic patient with JCV infection across Canada (yellow area) and
northeastern United States (gray area). Numbers indicate the number of case-patients residing in specific provinces of Canada.
Some case-patients reported >1 potential exposure sites. Image was adapted from Wikipedia Commons (https://commons.wikimedia.
org). AB, Alberta; BC, British Columbia; MB, Manitoba; ME, Maine; NB, New Brunswick; NH, New Hampshire; NJ, New Jersey; NL,
Newfoundland and Labrador; NS, Nova Scotia; NT, Northwest Territories; NU, Nunavut; ON, Ontario; PA, Pennsylvania; PE, Prince

Edward Island; QC, Quebec; SK, Saskatchewan; YT, Yukon.

measurements were within reference ranges. The
peripheral glucose level was 12.6 mmol/L, C-reac-
tive protein was 9.0 mg/L, and erythrocyte sedi-
mentation rate was 34 mm/h. Serum samples were
negative for HIV, WNV, Lyme disease bacteria, and
cytomegalovirus; a nasopharyngeal swab test was
negative for respiratory viruses; and CSF was nega-
tive for HSV, varicella zoster virus, and enterovi-
rus/parechovirus. All blood and CSF samples had
negative bacterial and fungal cultures. Arbovirus
serologies (including JCV and SSHV) revealed the
presence of JCV IgM in both acute and convalescent
serum samples and a 4-fold diagnostic increase in
virus-specific neutralizing antibody titers by PRNT
(Table) (2). PRNT results were negative for SSHV.
The patient began manifesting postencephalitic
fatigue and possible seizure-like episodes; subse-
quently, normal pressure hydrocephalus developed,
requiring a ventriculoperitoneal shunt.
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Case 4

On August 20, 2011, an otherwise healthy 53-year-
old man from Montreal, Quebec, sought care be-
cause of a 2-day history of fever, fatigue, left-sided
neck swelling and pain, and a pruritic rash on his
lower back, buttocks, and genitalia. His leukocyte
count was slightly elevated at 12.2 x 10° cells/L. His
throat was swabbed, and testing later showed a neg-
ative result for Streptococcus, but he had been given
penicillin and antiinflammatory agents at discharge
from the ED. He returned to the ED on August 24
because of ongoing fevers, a worsening rash, and 48
hours of increasing shortness of breath, headache,
sore throat, and conjunctivitis; he was subsequently
admitted. He reported a camping trip in Maine and
New Hampshire, USA, during July 31-August 12 but
did not recall having any insect bites or contact with
ill persons. Bloodwork at admission showed 11.1
x 10° leukocytes/L, 81 x 10° platelets/L, and renal
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and liver function measurements within reference
ranges. Within 24 hours of admission, he became
confused, and worsening hypotension and dyspnea
developed, requiring intubation and vasopressors.
He also had pulmonary edema, pericardial effusion,
a new right bundle branch block, and an evolving
maculopapular rash on the limbs (including pal-
moplantar rash) and trunk. A lumbar puncture was
performed on August 26, and CSF showed 5 x 10°
leukocytes/L (1 x 10° lymphocytes/L), 5.3 mmol/L
glucose, and 0.10 g/ L protein. Results of blood, CSF,
urine, and sputum sample cultures were all nega-
tive, including for syphilis. Acute and convalescent
serum samples tested negative for Rickettsia, Borrelia,
WNV, Powassan virus, western equine encephalitis
virus, and eastern equine encephalitis virus; Ana-
plasma phagocytophilum serology results were posi-
tive (indirect immunofluorescence assay titer 1:256),
which remained the same throughout the course of
illness, suggesting prior exposure.

Serum and CSF samples were positive for JCV
IgM by using ELISA; serum samples showed a 4-fold
increase (1:640 to 1:2,560) in PRNT titers, then a sub-
sequent decline to 1:640 (Table). Seroconversion of
neutralizing antibodies in paired CSF samples was
observed by using PRNT, and JCV was distinguished
from an SSHYV infection by the 4-fold difference in
PRNT titer between the 2 viruses (Table).

The patient had confusion and hypoactive de-
lirium throughout his hospitalization. He was dis-
charged on September 21 but continued to have short-
term memory loss, expressive aphasia, and some
muscle pain. Six months later, his expressive aphasia
persisted, but the other symptoms had dissipated.

Case 5

In mid-June 2016, an otherwise healthy 70-year-old
man with psoriasis (no immunotherapies) sought
care at an ED in Nova Scotia after a fall; he had a
3-4-day history of a frontal headache, episodic diz-
ziness, and nausea with vomiting. Approximately
2.5 weeks before ED admission, the patient had
traveled in the United States for 10 days, visiting
New Hampshire, Pennsylvania, and New Jersey. At
admission, he was somnolent and febrile (38.6°C)
and had a blanching macular rash on his trunk and
petechiae on the dorsa of his feet. His speech was
slow, and he had impaired concentration, but no
nuchal rigidity was present; the remaining neuro-
logic exam was unremarkable. Empiric treatment
was initiated with ceftriaxone, ampicillin, vanco-
mycin, and acyclovir. CT and MRI head scans did
not demonstrate abnormalities.
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Bloodwork showed mild anemia and leukopenia
(2.5 x 10? leukocytes/L; nadir 0.5 x 10° leukocytes/L)
and thrombocytopenia (73 x 10° platelets/L; nadir 12
x 10° platelets/L); he recovered spontaneously from
those conditions within 2 weeks. The patient had he-
patic inflammation; alanine aminotransferase level
was 74 U/L (peaking at 147 U/L), aspartate amino-
transferase was 151 U/L (peaking at 860 U/L), and
lactate dehydrogenase was 573 U/L (peaking at
>2,500 U/L). Ferritin was elevated at 88,933 ng/L,
and creatinine phosphokinase was high at 3,454 U/L.

A lumbar puncture was performed several days
after symptom manifestation; CSF had a leukocyte
count of 41 x 10° cells/L (100% lymphocytes), glucose
level of 3.2 mmol/L, and elevated protein level of 0.67
g/ L. CSF and blood cultures were negative. Serologic
tests and confirmatory diagnostics for HIV, parvovi-
rus B19, Lyme disease, WNV, and Powassan virus
were negative. Acute serum samples were positive
for JCV IgM, which was confirmed with a PRNT titer
of 1:320; convalescent serum samples showed a 4-fold
increase in titer to 1:1,280. CSF was also positive for
JCV (PRNT titer of 1:4) (Table).

The patient defervesced by day 2 but reported
diffuse myalgias, although his headache was improv-
ing. His hospitalization was further complicated by a
pulmonary embolism from which he recovered. After
5 weeks of rehabilitation and resolution of his symp-
toms, the patient was discharged. Upon follow-up, he
was found to have made a full recovery.

Discussion

We describe 5 cases of JCV-associated neurologic dis-
ease in patients from British Columbia, Alberta, Que-
bec, and Nova Scotia in Canada during 2011-2016
and indicate the regions of all potential exposures for
each of those cases (Figure). JCV has been shown to
circulate across Canada and the United States in vari-
ous studies (2,7-13,16,20,21,27; M.A. Drebot, unpub.
data). JCV was first identified as an emerging mos-
quitoborne pathogen in the early 1980s in both Cana-
da and the United States (§). However, of the 23 cases
of CSG virus infections identified in Canada during
1978-1989, only 3 were caused by JCV; 18 were caused
by SSHYV, and 2 had undetermined causes (M.A. Dre-
bot, unpub. data). When CSG virus testing resumed
in Canada in 2005, most CSG virus infections were
shown to be caused by JCV (2), a trend that continues
and indicates the emergence of JCV as the primary
CSG virus causing infection in Canada (13). Although
SSHYV cases continue to be identified, JCV exposure
rates, resulting in both mild and severe illness, appear
to have increased. Whether this increase is because of
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greater JCV circulation, enhanced diagnostic proce-
dures, or other factors warrants further study.

A literature review of encephalitis in Canada
highlighted the number of encephalitis cases without
a known etiology, suggesting the possibility of a high-
er prevalence of arbovirus infections than previously
thought (29). In the appropriate setting, arboviruses,
including CSG viruses, should be added to the differ-
ential diagnosis of a patient manifesting encephalitis
during the mosquito season.

JCV infections in humans can occur throughout
the mosquito season and typically display a bimodal
pattern. Infections in late spring (May/June) support
the concept of transovarial maintenance and the pos-
sibility of vertically-infected mosquitoes transmit-
ting virus early during the mosquito season (30,31).
A second peak of infections typically occurs during
the late summer and fall months. Case-patients from
British Columbia and Nova Scotia had infections that
correlated with JCV exposures in late spring (June),
whereas the remaining 3 case-patients in this series
had exposures during the summer/fall months. Cas-
es of CSG virus infections early during the mosquito
season have been documented in Canada; a total of
9 cases of SSHV and JCV infections were identified
in the months of May and June during 1978-1989
(11; M.A. Drebot, unpub. data). The bimodal peak
of arboviral disease likely reflects both transovarial
transmission and natural cycling of specific mosquito
species that transmit CSG viruses at different times
during the mosquito season (20,32). Because of the
various mosquito species responsible for transmit-
ting JCV, exposure can occur throughout the mos-
quito season (33,34).

The incubation period for JCV infection is ~3-14
days. Therefore, the case-patients from Quebec (case
4) and Nova Scotia (case 5) might have been exposed
during travel in the northeastern United States. Al-
though no JCV cases had been documented in Maine
or New Hampshire at the time of the 2011 case (case
4), subsequent cases were identified in New Hamp-
shire in 2013 and Maine in 2017 (16). According to
his date of return to Montreal, symptom onset, and
the JCV incubation period, case-patient 4 might have
been exposed at his residence or during his camping
trip in the United States. Case-patient 5 had possible
exposures in multiple locations in quick succession
in 2016 before seeking care at a Nova Scotia hospital,
including wooded areas of New Hampshire, Pennsyl-
vania, and New Jersey, USA; he could have conceiv-
ably been infected in any of those US states or in his
home province. One case of neuroinvasive JCV infec-
tion occurred in New Hampshire in 2013; although no
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autochthonous neuroinvasive cases of JCV had been
previously identified in Nova Scotia, a high (=21% )
JCV seroprevalence existed in the province (27).

Unlike some of the other CSG serogroup virus-
es, such as SSHV and La Crosse virus (LACV), most
symptomatic JCV infections have been identified in
adults (2,4,20,35). Clinically, JCV infections can be
asymptomatic, self-limited febrile illnesses, or cause
meningitis/encephalitis syndromes (1,4,24,25,35-37).
An upper respiratory prodrome has occasionally
been reported (4,32,35). During neuroinvasive dis-
ease, CSF typically shows lymphocyte predominance
and variable protein and glucose levels; however, our
small case series showed considerable variation in
CSF profiles (Table).

As indicated in the case definitions, the time and
place for virus transmission alludes to evidence that
JCV-specific IgM might persist for several months
or even years in the serum from patients exposed to
CSG viruses (15; M.A. Drebot, unpub. data). Persis-
tence of virus-specific IgM in serum samples has been
noted for other arboviruses, such as WNV (38). As a
result, lingering IgM might confound identification
of current CSG virus infections when positive serol-
ogy is documented by using only acute phase serum
samples. We observed the presence of JCV IgM in
CSF from case-patient 2 several months after symp-
tom onset, a finding previously documented for some
WNYV patients (39).

A diagnostic 4-fold rise in titers for paired acute
and convalescent serum samples is typically informa-
tive for confirming new or repeat exposures, particu-
larly given the possibility of persistent IgM. CSF from
case-patients 1, 2, 4, and 5 had positive JCV IgM or
PRNT titers; case-patients 2-5 had a clear 4-fold in-
crease in JSV PRNT titers in convalescent serum sam-
ples. Case-patient 1 of the series had repeat serologic
tests Tweek after collecting the acute sample, which
showed an increased titer but was not considered a
convalescent sample (which would ideally be taken
at 2-4 weeks, but according to the CDC definition, it
should be minimum of 8 days later).

For case-patient 4 (Quebec), JCV infection was
confirmed through the positive IgM ELISA results,
noted seroconversion and diagnostic increases in
JCV-specific antibodies obtained by PRNT in both
paired serum and CSF, and increase in serum anti-
bodies, even with concomitant A. phagocytophilum
and SSHV seropositivity. Cross reactions in PRNT
and particularly ELISA can occur between SSHV
and JCV; however, the IgM increase in serum sam-
ples, seroconversion in CSF, and >4-fold differences
between JCV and SSHV PRNT titers in acute and
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convalescent serum samples provide strong evidence
of JCV exposure. It is possible that A. phagocytophi-
lum seropositivity reflects either a previous infection
or co-infection, because anaplasmosis is a known
emerging infection in many regions within Canada,
including Quebec (40-42).

A limitation of this work is the lack of testing for
LACV, a CSG virus that has diagnostic similarities
and cross-reactivity to other CSG members (35). Test-
ing for LACV was not part of the initial arbovirus test-
ing panels because previous serologic screening stud-
ies for this virus had been negative among collections
of CSG virus-positive serum samples (M.A. Drebot,
unpub. data), despite the geographic range of Aedes
triseriatus mosquitoes, the primary LACV vector, in
southern Canada. Future inclusion of LACV testing
in the diagnostic algorithms for suspected CSG virus
exposures in Canada is warranted given possible ex-
pansion and increased prevalence of the virus.

In conclusion, we describe 5 cases of JCV infection
that occurred in Canada early during the mosquito sea-
son, highlighting the potential for acquisition of this
virus throughout the entire mosquito season. The JCV
case-patients from British Columbia and Alberta pro-
vide further evidence of JCV exposure risk across Can-
ada. The case-patients from Nova Scotia and Quebec,
who had a travel history, indicate that JCV needs to be
recognized as a possible cause of neuroinvasive disease
for travelers in the United States as well as in Canada.
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Coccidioidomycosis-Related
Hospital Visits, Texas,
USA, 2016—2021

Heather Mayfield, Vanora Davila, Elena Penedo

We analyzed hospital discharge records of patients with
coccidioidomycosis-related codes from the International
Classification of Diseases, 10th revision, Clinical Modifica-
tion, to estimate the prevalence of hospital visits associated
with the disease in Texas, USA. Using Texas Health Care
Information Collection data for 2016—2021, we investigat-
ed the demographic characteristics and geographic distri-
bution of the affected population, assessed prevalence of
hospital visits for coccidioidomycosis, and examined how
prevalence varied by demographic and geographic fac-
tors. In Texas, 709 coccidioidomycosis-related inpatient
and outpatient hospital visits occurred in 2021; prevalence
was 3.17 cases per 100,000 total hospital visits in 2020.
Geographic location, patient sex, and race/ethnicity were
associated with increases in coccidioidomycosis-related
hospital visits; male, non-Hispanic Black, and Hispanic
patients had the highest prevalence of coccidioidomycosis
compared with other groups. Increased surveillance and
healthcare provider education and outreach are needed
to ensure timely and accurate diagnosis and treatment of
coccidioidomycosis in Texas and elsewhere.

Coccidioidomycosis, also known as Valley fever,
is a fungal disease caused by soil-dwelling Coc-
cidioides spp., which include C. immitis and C. posadasii
(1,2). Coccidioidomycosis is considered a nationally
notifiable disease in the United States, but only 26 US
states have mandatory reporting requirements at the
state level, which has led to incomplete surveillance
data across the country (1-3). Since Centers for Dis-
ease Control and Prevention (CDC) reporting began
in 1998, the number of Valley fever cases has mostly
increased. The steepest increase in the number of cases
occurred during 2009-2011, followed by a decrease
during 2012-2014 (4); prevalence has continued to in-
crease again since 2015 (4). Valley fever incidence in

Author affiliation: Texas Department of State Health Services,
Austin, Texas, USA
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Texas, a state where coccidioidomycosis is not report-
able, is unknown, but historical and contemporary sci-
entific evidence defines West Texas as a coccidioido-
my-cosis-endemic area (3,5). In addition, recent climate
models suggest that the coccidioidomycosis-endemic
region is expanding as temperatures increase and pre-
cipitation patterns shift, which might have an indirect
effect on the dynamics of this disease in the United
States (6). Approximately 40% of Coccidioides infec-
tions are symptomatic, yet not all patients seek medi-
cal treatment (1,2). Symptoms of coccidioidomycosis
include cough, fever, and shortness of breath, which
might resemble other respiratory illnesses and might
be clinically indistinguishable from community-ac-
quired pneumonia (I). Coccidioidomycosis can result
in life-threatening severe pulmonary or disseminated
disease, particularly in groups at high risk, and can
also result in chronic illness (1-3). Surveillance data
from Arizona and California, as well as previous re-
search, suggests that demographic factors, such as age,
sex, race/ethnicity, and occupation, play a role in a
person’s risk for infection and disease complications
(1-4,7,8). Testing practices vary substantially across
states, but overall testing is underused, leading to de-
layed diagnosis and inadequate treatment (1,2).

Although Texas is estimated to be within the geo-
graphic range of C. posadasii, surveillance data are
limited (3). We assessed differences in hospital use by
patients who had a coccidioidomycosis diagnosis ac-
cording to demographic and geographic factors. We
used data on inpatient hospitalizations and outpa-
tient surgical and radiological procedures from Texas
hospitals and ambulatory surgery centers.

Methods
Data Source

We obtained study data from inpatient and outpatient
public-use data files for January 1, 2016-December 31,

Emerging Infectious Diseases « www.cdc.gov/eid ¢ Vol. 30, No. 5, May 2024



2021, from the Texas Health Care Information Collec-
tion (THCIC), Texas Department of State Health Ser-
vices Center for Health Statistics (9,10). Institutional
review board approval was not necessary to analyze
THCIC files. THCIC data include claims for medical
services received at hospitals during admission (in-
patient) and services received at hospitals without
admission (outpatient) from all state-licensed hospi-
tals and ambulatory surgical centers in Texas, except
those that are statutorily exempt. Exempt facilities
were those located in small counties with populations
<35,000 or those located in a county with a population
>35,000 but with <100 licensed hospital beds and not
in an area designated as urban by the United States
Census Bureau. Other exempt facilities were hospi-
tals that did not seek insurance payment or govern-
ment reimbursement. THCIC public-use data files
represent hospital encounters, where 1 encounter
contains the final discharge and all related claims in-
formation for a deidentified patient, which prevents
differentiation between repeat visits. Because pub-
lic-use data files were used for the analysis, patients
could not be identified and deduplicated from the
study, which might result in an overrepresentation
of persons with severe disease who required multiple
visits over time. In this study, hospital visits reflected
all inpatient hospitalizations and outpatient surgical
and radiologic procedures, as well as ambulatory sur-
gery center visits.

Study Population

To identify the study population, we used codes from
the International Classification of Diseases, 10th Revi-
sion, Clinical Modification (ICD-10-CM), related to coc-
cidioidomycosis and used all available diagnostic codes
within the patient records, including principal and oth-
er diagnosis fields (Table 1). We restricted the analytic
sample according to the patient’s US state of residence
in the record and included only patients with a resi-
dence in Texas in our analysis (Figure 1). We identified
the exposure status of each patient by using the patient’s
county of residence described in the record and the esti-
mated Coccidioides spp.-endemic range. We determined
the 96 Texas counties estimated to be within the Valley
fever-endemic region by using CDC Valley fever maps
spatially overlaid on a county map of Texas (Figure 2)
(5). We designated any county that fell within the CDC’s
estimated area as a Valley fever region.

Analysis

We compiled descriptive statistics of all coccidioi-
domycosis-related hospital visits, including demo-
graphic counts and percentages and geographic
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areas according to discharge year and inpatient/
outpatient hospital visits. We also compiled select
clinical diagnostic characteristics of the analytic
sample as counts and percentages according to
hospital visit type (inpatient/outpatient). We cal-
culated prevalence of coccidioidomycosis-related
hospital visits as the number of coccidioidomycosis
visits per 100,000 hospital visits for any cause and
included annual and stratified prevalence according
to disease-endemic region status for each year. We
conducted a negative binomial regression analysis
to calculate prevalence ratios of coccidioidomyco-
sis-related hospital visits for demographic and geo-
graphic groups and to calculate 95% Cls. We chose
negative binomial regression analysis for all demo-
graphic and geographic variables because the data
were overdispersed. We added an offset variable
calculated as the log of the total hospital visits for
any cause to the model to account for the underly-
ing population differences. We included the demo-
graphic variables sex and race/ethnicity in the mod-
el after determining they were a good fit by using
the likelihood ratio test. We included non-Hispanic
White, female, and the non-Valley fever-endemic
region as reference groups. We conducted all analy-
ses by using SAS version 9.4 software (SAS Institute,
https:/ /www.sas.com).

Results

Of the 3,276 hospital visits representing all inpatient
hospitalizations, outpatient surgical and radiologic
procedures, and ambulatory surgery center visits
for coccidioidomycosis among Texas residents, the
percentages of visits were highest among patients
who were 46-64 years of age (40.8%), male (56.3%),
and Hispanic (47.5%) (Table 2). In 2021, a total of 709
coccidioidomycosis-related hospital visits occurred
in Texas (Table 2). Although the 96-county Valley
fever region in Texas only accounts for ~24.0% of
the state’s population, those counties had 63.4% of
coccidioidomycosis-related hospital visits (Table 2).

Table 1. ICD-10-DM codes used for coccidioidomycosis

diagnosis*

Definition Codes
Coccidioidomycosis B38
Acute pulmonary coccidioidomycosis B38.0
Chronic pulmonary coccidioidomycosis B38.1
Pulmonary coccidioidomycosis, unspecified B38.2
Cutaneous coccidioidomycosis B38.3
Coccidioidomycosis meningitis B38.4
Disseminated coccidioidomycosis B38.7
Other forms of coccidioidomycosis B38.8, B38.89
Prostatic coccidioidomycosis B38.81

*|CD-10-CM, International Classification of Diseases, 10th Revision,
Clinical Modification.
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Figure 1. Inclusion and exclusion criteria for study of coccidioidomycosis-related hospital visits, Texas, USA, 2016-2021. Analytic

study of patient medical records was conducted to assess prevalence of inpatient and outpatient hospital visits by persons with a
coccidioidomycosis diagnosis in Texas. Codes from the International Classification of Diseases, 10th revision, Clinical Modification, were
used for diagnoses and included codes B38, B38.0, B38.1, B38.2, B38.3, B38.4, B38.7, B38.8, B38.81, B38.89, and B38.9. Shaded
boxes indicate numbers of excluded discharge records and reasons for exclusion from the study. Final analytic study sample was
categorized into 2 groups according to clinical diagnostic characteristics.

Inpatient hospital encounters constituted the largest
(56.7%) percentage of coccidioidomycosis-related
visits (Table 3). The percentage of hospital visits
where coccidioidomycosis was the principal diag-
nosis was only 33.5% (Table 3). When stratified by
visit type, only 19.8% of hospital visits that coded

884

as inpatient resulted in a principal coccidioidomyco-
sis diagnosis compared with 51.6% of hospital visits
coded as outpatient (Table 3). For inpatient hospital
visits where coccidioidomycosis was not the prin-
cipal diagnosis, many of the diagnosis codes were
related to symptoms of severe coccidioidomycosis

Figure 2. Estimated endemic
region of Coccidioides spp. fungi
in study of coccidioidomycosis-
related hospital visits, Texas,
USA, 2016-2021. Valley fever
region, an estimated 96-county
area of Texas determined by
using Centers for Disease Control
and Prevention Valley fever maps
(5) spatially overlaid on a Texas
county map. Any county that fell
within the estimated area was
designated as a Valley fever
region (blue shading).
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infection, including sepsis, pneumonia, and respira-
tory failure. When assessing the principal diagnosis
codes for outpatient hospital visits where coccidi-
oidomycosis was not the primary diagnosis, most
were related to abnormal diagnostic findings in the
lungs or to mild symptoms, such as cough, throat
pain, headaches, and abnormal breathing.
Prevalence of coccidioidomycosis-related hos-
pital visits was highest in 2020 at 3.17 cases /100,000
hospital visits for any cause and lowest in 2018 at
2.73 cases /100,000 hospital visits for any cause (Fig-
ure 3). Prevalence for the estimated Valley fever-
endemic region was ~6-8 times higher than that for
the nonendemic region (Figure 3). Although preva-
lence in the Valley fever-endemic region has de-
creased since 2016, coccidioidomycosis prevalence
in the nonendemic region has steadily increased
year to year, starting at 1.15 cases/100,000 hospital
visits for any cause in 2016 to 1.65 cases/100,000
hospital visits for any cause in 2021 (Figure 3).
Negative binomial regression analysis suggest-
ed that Valley fever region status, patient sex, and
race/ethnicity wereassociated withincreased hospi-
tal visitsfor coccidioidomycosis (Table 4). The preva-
lenceratio (PR)for coccidioidomycosisinmenwas~3
times higher (PR 2.81 [95% CI 2.43-3.25]) than
in women. Patients who were non-Hispanic Black
(PR 1.51 [95% CI 1.24-1.84]) or Hispanic (PR 1.25
[95% CI 1.05-1.48]) had higher PRs for coccidioido-

Coccidioidomycosis-Related Hospital Visits, Texas

mycosis than those who were non-Hispanic White
(Table 4).

Discussion

The lack of surveillance in Texas has led to incom-
plete knowledge and understanding of the dynam-
ics of coccidioidomycosis. Without surveillance, the
burden of disease can only be estimated through in-
direct metrics. Although the number of coccidioido-
mycosis-related hospital visits have increased over
time, prevalence of visits varied year to year. Those
differences might be from fluctuations in the popu-
lation’s health-seeking behaviors throughout Texas,
such as the decline in all-cause inpatient and outpa-
tient hospital visits during the COVID-19 pandemic
(11) and changes in disease reporting practices and
might not be reflective of a change in disease dynam-
ics. However, the observed numbers of hospital visits
are likely an underestimate of the true number of coc-
cidioidomycosis cases in Texas because misdiagno-
sis by physicians, underreporting of cases, and low
awareness of coccidioidomycosis might be influenced
by geographic location and other patient sociodemo-
graphic factors. In addition, only 40% of infections are
symptomatic and most symptoms might be indistin-
guishable from common respiratory illnesses; subse-
quently, many patients with mild cases or symptoms
might not seek medical care (1,2). The prevalence of
coccidioidomycosis in counties outside of the Valley

Table 2. Patient demographics according to year in study of coccidioidomycosis-related hospital visits, Texas, USA, 2016-2021*

Year

Demographics 2016 2017 2018 2019 2020 2021 Total patients
No. patients 634 582 571 640 590 709 3,726 (100.0)
Age group, y

0-17 27 18 26 10 19 27 127 (3.4)

18-44 192 169 157 179 191 189 1,077 (28.9)

46-64 275 244 237 255 233 278 1,522 (40.8)

65-74 86 111 108 127 91 133 656 (17.6)

>75 54 40 43 69 56 82 344 (9.2)
Patient sex

M 358 363 312 340 335 389 2,097 (56.3)

F 202 150 208 227 202 239 1,228 (33.0)

Unknown 74 69 51 73 53 81 401 (10.7)
Race/ethnicity

Hispanic 323 301 267 272 252 354 1,769 (47.5)

Non-Hispanic Black 75 65 60 69 79 93 441 (11.8)

Non-Hispanic othert 31 49 51 41 37 41 250 (6.7)

Non-Hispanic White 205 165 193 258 222 221 1,264 (33.9)

Unknown 0 2 0 0 0 0 2(0.1)
Valley fever region status¥

Valley fever region 449 388 359 391 360 416 2,363 (63.4)

Non—Valley fever region 185 194 203 238 227 288 1,335 (35.8)

Unknown 0 0 9 11 3 5 28 (0.8)

*Values are no. (%). International Classification of Diseases, 10th Revision, Clinical Modification, codes were used to determine a coccidioidomycosis
diagnosis and included codes B38, B38.0, B38.1, B38.2, B38.3, B38.4, B38.7, B38.8, B38.81, B38.89, and B38.9.

TNon-Hispanic other category includes American Indian/Eskimo/Aleut, Asian or Pacific Islander, and other. If a hospital had <10 patients of 1 race, that
race was categorized as other, and ethnicity of those patients was suppressed.

$The 96-county area of Texas estimated to be coccidioidomycosis-endemic was determined by using Centers for Disease Control and Prevention Valley
fever maps spatially overlaid on a Texas county map. Any county that fell within the estimated area was designated as a Valley fever region.
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Table 3. Demographics of inpatients and outpatients with coccidioidomycosis in study of coccidioidomycosis-related hospital visits,

Texas, USA, 2016-2021*

Demographics

No. inpatients

No. outpatients Total no. (%)

No. patients 2,114 1,612 3,726 (100.0)
Primary coccidioidomycosis diagnosis

Yes 418 832 1,250 (33.5)

No 1,696 780 2,476 (66.5)
Age group, y

0-17 58 69 127 (3.4)

18-44 633 444 1,077 (28.9)

46-64 865 657 1,522 (40.9)

65-74 359 297 656 (17.6)

>75 199 145 344 (9.2)
Patient sex

M 1,156 941 2,097 (56.3)

F 607 621 1,228 (33.0)

Unknown 351 50 401 (10.8)
Race/ethnicity

Hispanic 1,073 696 1,769 (47.5)

Non-Hispanic Black 204 237 441 (11.8)

Non-Hispanic othert 129 121 250 (6.7)

Non-Hispanic White 708 556 1,264 (33.9)
Geographic region8

Valley fever regionq 1,395 968 2,363 (63.4)

Non—Valley fever region 700 635 1,335 (35.8)

*International Classification of Diseases, 10th Revision, Clinical Modification, codes were used to determine a coccidioidomycosis diagnosis and included
codes B38, B38.0, B38.1, B38.2, B38.3, B38.4, B38.7, B38.8, B38.81, B38.89, B38.9.
tUnknown race/ethnicity category was suppressed because the Texas Health Care Information Collection rules dictate any value <10 must be

suppressed.

FNon-Hispanic other category also includes American Indian/Eskimo/Aleut, Asian or Pacific Islander, and other. If a hospital has <10 patients of 1 race,
that race is changed to other, and the ethnicity of patients of that race is suppressed.
8Unknown geographic region category was suppressed because the Texas Health Care Information Collection rules dictate any value <10 must be

suppressed.

{IThe 96-county area of Texas estimated to be coccidioidomycosis-endemic was determined by using Centers for Disease Control and Prevention Valley
fever maps spatially overlaid on a Texas county map. Any county that fell within the estimated area was designated as a Valley fever region.

fever region in Texas have been increasing each year,
which highlights the need for increased clinician
awareness of the disease throughout the state.
Hospital encounters where the principal record-
ed diagnosis was coccidioidomycosis-related dif-
fered substantially between inpatient and outpatient

Figure 3. Annual prevalence

of inpatient and outpatient
hospital visits in study of
coccidioidomycosis-related
hospital visits, Texas, USA,
2016-2021. Codes from the
International Classification of
Diseases, 10th Revision, Clinical
Modification, were used for
diagnoses and included codes
B38, B38.0, B38.1, B38.2,
B38.3, B38.4, B38.7, B38.8,
B38.81, B38.89, and B38.9.
Prevalence, defined as the
number of Valley fever cases
per 100,000 inpatient and
outpatient hospital visits for any
cause, is indicated statewide by
geographic region for each year.
Estimated Valley fever—endemic
region is a 96-county area of

visits, which might have been partly because of dif-
ferent diagnostic practices or medical coding differ-
ences for inpatient versus outpatient facilities (12).
However, patients seeking inpatient care tended to
have principal diagnosis codes for conditions relat-
ed to severe coccidioidomycosis, whereas patients

Texas determined by using Centers for Disease Control and Prevention Valley fever maps (5) spatially overlaid on a Texas county map.
Any county that fell within the estimated area was designated as a Valley fever region.

886

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 30, No. 5, May 2024



seeking outpatient care had principal diagnostic
codes related to mild coccidioidal syndromic symp-
toms. Therefore, principal diagnostic codes for in-
patient and outpatient settings might have reflected
differences in disease severity between the 2 patient
populations (12,13).

National surveillance data for coccidioidomyco-
sis include only the 26 mandatory reporting states,
and most cases are from Arizona and California,
where coccidioidomycosis has increased since 2000
(4). National data from CDC only include data dur-
ing 1998-2019 and show that case counts have fluc-
tuated through the years (4). Additional data from
California indicate that case counts decreased from
9,000 in 2019 to 7,000-8,000 during 2020-2022 (14).
In Arizona, new cases increased from 10,358 cases in
2019 to >11,400 cases each in both 2020 and 2021 but
then declined to 9,515 cases in 2022 (15). Compared
with national trends in new cases, Texas displays
similar oscillating patterns in hospital visits related
to coccidioidomycosis. We found a significant asso-
ciation between coccidioidomycosis-related hospital
visits and patient sex or race/ethnicity (p<0.01). Con-
sistent with national surveillance data and previous
research, most coccidioidomycosis-related hospital
visits in Texas were by male patients who had a higher
coccidioidomycosis prevalence than female patients.
In Texas, coccidioidomycosis-related hospital visit
counts were highest among Hispanic persons, which
might reflect the proportion of Hispanic persons re-
siding in the Valley fever-endemic region. According
to data from the Texas Demographic Center’s popula-
tion projections, the percentage of Hispanic persons
within the Valley fever-endemic region is ~68% ver-
sus 30% within the nonendemic region (16). The in-
creased percentage of Hispanic persons in the Valley
fever-endemic region likely contributes to the higher
coccidioidomycosis-related hospital visit counts in
this group overall. Those findings differ from nation-
al surveillance data and previous research that show
the number of cases is highest in non-Hispanic White
persons but varies between states. Prevalence of coc-
cidioidomycosis-related hospital visits was highest
in non-Hispanic Black persons compared with other
race/ ethnicity groups, which aligns with previous re-
search that suggests non-Hispanic Black persons are
at increased risk for infection and severe disease.

Although only 96 counties make up the estimated
Valley fever-endemic region within Texas, this area
might continue to expand because of shifts in climate-
related factors, such as increased temperatures and
shifts in precipitation patterns throughout the state
that create a more suitable climate for Coccidioides. As
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Table 4. Patient demographics and prevalence ratios for
coccidioidomycosis-related hospital visits, Texas, USA, 2016-2021*

Demographics PR (95% CI) p value
Patient sex
F Referent NA
M 2.81 (2.43-3.25) <0.01
Race/ethnicity
Non-Hispanic White Referent NA
Non-Hispanic Black 1.51 (1.24-1.84) <0.01
Non-Hispanic othert 0.97 (0.78-1.19) 0.74
Hispanic 1.25 (1.05-1.48) 0.01
Geographic region
Non-Valley fever region Referent NA
Valley fever regiont 5.79 (5.03-6.66) <0.01

*International Classification of Diseases, 10th Revision, Clinical
Modification, codes were used to determine a coccidioidomycosis
diagnosis and included codes B38, B38.0, B38.1, B38.2, B38.3, B38.4,
B38.7, B38.8, B38.81, B38.89, B38.9. p values <0.01 were considered
significant. NA, not applicable; PR, prevalence ratio.

TtNon-Hispanic other category also includes American
Indian/Eskimo/Aleut, Asian or Pacific Islander, and other. If a hospital has
<10 patients of 1 race, that race is changed to other, and the ethnicity of
patients of that race is suppressed.

$The 96-county area of Texas estimated to be coccidioidomycosis-
endemic was determined by using Centers for Disease Control and
Prevention Valley fever maps spatially overlaid on a Texas county map.
Any county that fell within the estimated area was designated as a Valley
fever region.

the Valley fever-endemic region expands in Texas,
increased surveillance by public health authorities
and increased disease awareness by physicians and
healthcare professionals will be critical for monitor-
ing disease spread to susceptible populations and for
addressing the health needs of the Texas population.

Although coccidioidomycosis is not a report-
able disease in Texas, a substantial disease burden is
likely affecting the population, as seen by the number
of hospital visits for the disease across the state. In
addition, we found that certain groups have higher
prevalence, which creates health differences within
the Texas population and might lead to worse health
outcomes for those groups. Coccidioidomycosis is a
serious public health concern; the disease can be dif-
ficult to prevent, diagnose, and treat. Disease aware-
ness among local public health officials, physicians,
healthcare professionals, and the public is critical to
ensure persons seek care when infected and health-
care providers can correctly identify and manage the
condition. We assessed exposure according to the pa-
tient’s county of residence, but this method might not
be a true reflection of where patients were exposed
or where they might seek medical care. Therefore,
healthcare providers across Texas need to be aware of
coccidioidomycosis and the geographic range of Coc-
cidioides fungi and inquire about work and travel to
determine potential exposures to Coccidioides during
patient intake.

Our findings indicate that increased testing for
coccidioidomycosis should be performed in Texas for
patients with pneumonia of unknown cause to pre-
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vent delayed diagnosis and ensure prompt disease
management and treatment, especially for patients
who live in or have traveled to the 96-county disease-
endemic area. Because coccidioidomycosis infections
can manifest as common respiratory illnesses, clini-
cians should consider coccidioidomycosis testing
in addition to bacteria and virus testing as part of
regular diagnostic practices for patients manifesting
symptoms consistent with coccidioidomycosis. CDC
has developed a clinical testing algorithm for coccidi-
oidomycosis to aid clinicians in diagnosing patients
who manifest nonspecific respiratory symptoms sim-
ilar to community-acquired pneumonia (17).

The first limitation of our study is that THCIC
suppression rules dictate that gender is suppressed
for any patient with a diagnosis code determined to
be of a sensitive nature (e.g., drug or alcohol-related
or HIV diagnosis). The suppression rule affected
~401 (=10%) records in the analytic study sample,
which might have affected the final analysis results,
including prevalence ratios. Second, race and ethnic-
ity are required to be reported to THCIC by law, but
those variables are not generally collected by hospi-
tals and might be subjectively captured in the record
by medical staff. Because of the subjective nature of
the race and ethnicity data, patients might have been
miscategorized by hospital staff, potentially affect-
ing final analyses. Third, county of residence is not
collected by hospitals; instead, Federal Information
Processing Standards codes are assigned to counties
by the Texas Department of State Health Services
according to patients’ postal (ZIP) codes, which
might be inaccurate for codes that cross county lines
and lead to an inaccurate exposure classification in
the patient record. Fourth, because the study used
public-use data files for inpatient and outpatient
records, patients could not be identified and dedu-
plicated from the study sample, which might have
resulted in outcome overestimation. Fifth, the na-
ture of medical discharge data might also lead to
substantial miscoding or undercoding by medical
billing staff, resulting in a potential underestima-
tion of coccidioidomycosis in this study. Finally,
the lack of coccidioidomycosis surveillance in Texas
might have led to underreporting and underdiagno-
sis by physicians because of decreased awareness,
furthering potential underestimation of case num-
bers in this study.

In conclusion, coccidioidomycosis-related hos-
pital visits were highest in the estimated Valley fe-
ver region of Texas, but ~33% of visits were in coun-
ties located in the non-Valley fever-endemic region,
highlighting the need for increased awareness of the
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disease across the state. Monitoring trends in inpa-
tient and outpatient hospital visits for coccidioido-
mycosis in medical discharge data and other avail-
able data streams will be critical to identify potential
new areas of disease endemicity. Monitoring addi-
tional data sources for coccidioidomycosis cases in
Texas can help close the surveillance gap in the state
and increase understanding of disease dynamics. As
the Valley fever-endemic region expands, increased
surveillance and healthcare provider education and
outreach concerning the disease will be needed to
ensure timely and accurate diagnosis and treatment.
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Congenital Syphilis Prevention
Challenges, Pacific Coast of
Colombia, 2018-2022

Jose F. Fuertes-Bucheli," Diana P. Buenaventura-Alegria,' Adriana M. Rivas-Mina, Robinson Pacheco-Lopez

High incidences of congenital syphilis have been report-
ed in areas along the Pacific coast of Colombia. In this
retrospective study, conducted during 2018-2022 at a
public hospital in Buenaventura, Colombia, we analyzed
data from 3,378 pregnant women. The opportunity to pre-
vent congenital syphilis was missed in 53.1% of mothers
because of the lack of syphilis screening. Characteristics
of higher maternal social vulnerability and late access
to prenatal care decreased the probability of having >1
syphilis screening test, thereby increasing the probability
of having newborns with congenital syphilis. In addition,
the opportunity to prevent congenital syphilis was missed
in 41.5% of patients with syphilis because of the lack of
treatment, which also increased the probability of having
newborns with congenital syphilis. We demonstrate the
urgent need to improve screening and treatment capa-
bilities for maternal syphilis, particularly among pregnant
women who are more socially vulnerable.

Congenital syphilis is an infectious disease that is
transmitted from a mother with syphilis to the fe-
tus during pregnancy or childbirth and is caused by
the bacterium Treponema pallidum (1). Globally, con-
genital syphilis is an infectious disease of high interest
for public health but is occasionally neglected and re-
quires collaborative actions for its control (2,3). In the
Americas, congenital syphilis incidence has increased
from 0.38/1,000 live births in 2009 to 0.61/1,000 live
births in 2020 (4). This concerning trend underscores
the importance of addressing this disease, which
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constitutes a major global cause of fetal loss, stillbirths,
neonatal death, and congenital infection (1,5,6).

Comprehensive interventions involving diverse
stakeholders in the healthcare system and community
are crucial to preventing and controlling maternal and
congenital syphilis, and those align with the third of
the Sustainable Development Goals adopted by the
United Nations Member States (2,7). Strategies used in
local programs and shared globally include promoting
condom use, ensuring timely access to antenatal care,
early gestational syphilis detection through prompt
point-of-care screening, and treating infections in a
timely manner (8). Education on sexual and reproduc-
tive health, along with implementing epidemiologic
surveillance, are also part of those efforts to prevent
and control maternal and congenital syphilis (9). How-
ever, identifying and prioritizing populations for the
specific reinforcement of those strategies in low- to
middle-resource contexts is imperative.

In Colombia, a substantial increase in maternal
syphilis prevalence was observed during 2017-2021;
prevalence rose from 7.8 to 16.2 cases/1,000 new-
borns (live births and stillbirths). In 2021, maternal
syphilis prevalence in Buenaventura alone was 45.8
cases/1,000 newborns, and congenital syphilis inci-
dence also exceeded the national incidence (7.2 vs.
3.2 cases/ 1,000 newborns) (10), leading to the report-
ing of an epidemic in that area (11). Previous studies
have aimed to assess the reason for this; a study con-
ducted by Cruz et al. (11) in the same area found that
only 8% of pregnant women received adequate treat-
ment. Another study in South America revealed that
congenital syphilis incidence is elevated in newborns
of young Afro-American women who have lower
educational attainment and women lacking prenatal
care (12), elements that could be indicative of social
vulnerability (13,14).

"These first authors contributed equally to this article.
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We sought to identify the characteristics (so-
ciodemographic factors, obstetric history, and level of
syphilis screening and treatment) of pregnant women
enrolled in a prenatal care program (PCP) on the Pa-
cific coast of Colombia associated with having new-
borns with congenital syphilis and the lack of mater-
nal syphilis screening. In addition, we explored the
characteristics of mothers with syphilis associated
with having newborns with congenital syphilis.

Methods

Design

We conducted an analytical retrospective cohort
study during January 2018-December 2022 in Bue-
naventura, Colombia. We used records of pregnant
women enrolled in a PCP of a public hospital.

Study Area

Buenaventura is the main city on the Pacific coast
of Colombia. The most recent population census in
2018 reported 258,445 inhabitants in the city, of whom
86.7% identify as Afro-Colombian (15). In contrast, at
the national level, Afro-Colombians make up only
9.34% of Colombia’s total population and are pre-
dominantly concentrated along the Pacific and Carib-
bean coasts of the country (16). Afro-Colombians face
elevated levels of multidimensional poverty, marked
by disparities in occupation type, educational attain-
ment, school dropout rates, literacy, and access to
healthcare services (16).

Study Population

We included records of pregnant women of all ages
who accessed a PCP in the main referral public hos-
pital in Buenaventura (11) and whose babies were
born in that hospital, with or without congenital
syphilis. We excluded records of persons with mul-
tiple pregnancies and records with duplicate or in-
complete data.

Variables and Definitions

Sociodemographic variables were age; ethnicity (Af-
ro-Colombian or others); rural or urban area of resi-
dence; educational level, basic or lower (completed
secondary school or lower) or postsecondary (tech-
nical, university, or higher); socioeconomic level, on
the basis of a 1-6 scale (low-low, low, low-middle,
middle, middle-high, and high) approximating the
hierarchical socioeconomic difference from poverty
to wealth in Colombia (17); marital status: single or
with partner (de facto marriage or married); posi-
tion as head of household (a person, whether single
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or married, who bears responsibility for providing fi-
nancial or social support to their dependents); and the
type of health coverage (18). We regarded the lowest
categories within the outlined sociodemographic fac-
tors as characteristics of higher maternal social vul-
nerability factors. Other variables consisted of past
pregnancy history (number of pregnancies, spontane-
ous abortions, and stillbirths); the gestational trimes-
ter in which prenatal care access was obtained; and
whether syphilis screening had been performed and,
if it was diagnosed, whether there had been a lack of
treatment, defined as the lack of >1 dose of benzathine
penicillin G (BPG) >30 days before delivery (9,19).

We applied the operational definitions of mater-
nal and congenital syphilis according to the clinical
practice guide issued by the Ministry of Health and
Social Protection of Colombia (9). A patient with
detected maternal syphilis was any mother with a
diagnosis of syphilis during prenatal care, with or
without clinical signs, who had a positive rapid
point-of-care treponemal test accompanied by a re-
active nontreponemal test at any dilution and who
had not received adequate treatment or had an un-
treated reinfection (9).

A newborn with congenital syphilis was any live
birth or stillbirth that met >1 of the following crite-
ria: newborns of a mother with untreated syphilis or
inadequate treatment (without >1 dose of BPG >30
days before delivery) to prevent congenital syphilis
(9,19,20), regardless of the result of the nontrepone-
mal test of the newborn; any newborn with nontrepo-
nemal test titers 4 times higher than the mother’s ti-
ters at the time of delivery, which is equivalent to 2
dilutions above the maternal titer; any newborn of a
pregnant person whose syphilis was diagnosed dur-
ing that pregnancy and with >1 clinical manifesta-
tions suggestive of congenital syphilis on physical
examination, along with paraclinical tests suggestive
of the infection; or any newborn with demonstrated
T. pallidum in laboratory tests (9).

Data Sources

The hospital PCP provided the database, which in-
cluded sociodemographic information, gestational
age at the start of prenatal care, and obstetric history,
as well as screening and treatment data for syphilis.
Moreover, the database indicated whether the new-
born was classified as a congenital syphilis case-pa-
tient. However, the database lacked details on the
clinical stage of maternal syphilis and further details
of the newborn, and although it reported the reactive
or nonreactive result of the nontreponemal test for
syphilis, it did not include the result in dilutions.
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Statistical Analysis

We organized the data in Excel 365 (Microsoft,
https:/ /www.microsoft.com) and conducted analy-
ses using Stata 14.0 (StataCorp LLC, https://www.
stata.com). We conducted an exploratory analysis of
the database to identify outliers or missing data. We
reported categorical variables as frequencies and per-
centages and continuous variables as medians and in-
terquartile ranges (IQRs). We determined the annual
percentage of congenital syphilis cases by dividing
the number of newborns with the infection by the to-
tal number of newborns for each year and multiply-
ing by 100.

To identify maternal factors associated with hav-
ing newborns with congenital syphilis, we compared
pregnant women whose newborns had congenital
syphilis with those whose newborns did not. Fur-
thermore, to assess factors associated with the lack of
maternal syphilis screening, we compared pregnant
women who had >1 rapid point-of-care treponemal
test through the PCP with those who did not. For
those 2 objectives, we used 2 x 2 tables and calculated
crude odds ratios with their respective 95% Cls. We
assessed statistical significance using x> and Mann-
Whitney U tests as appropriate. We conducted mul-
tivariable analyses through multiple logistic regres-
sion, and each initial or saturated model included
variables with p<0.25 in the bivariate analysis, fol-
lowing the approach of Hosmer et al. (21), along with
other variables considered to reflect social vulner-
abilities. We selected the most parsimonious model
by using the likelihood ratio test.

We conducted a subanalysis to identify fac-
tors in mothers with syphilis associated with having
newborns with congenital syphilis. We compared pa-
tients with detected maternal syphilis during PCP and
who had newborns with congenital syphilis to those
who did not. We assessed the probability of having
newborns with congenital syphilis using the relative
risk (RR) as a measure of association. We determined
RRs and corresponding 95% Cls through bivariate
analysis. This research was conducted following the
Declaration of Helsinki and was approved by the Hu-
man Research Ethics Committee of the Universidad
Libre under protocol #010.

Results

General Description

During the study period, 5,172 admissions of preg-
nant women to the PCP were identified. Among
those, we excluded 1,589 (30.7%) duplicate records
and 205 (4.0%) records with insufficient information.
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In total, we analyzed 3,378 records. The median age
was 24 (IQR 20-29) years, 98.5% were Afro-Colom-
bian, 95.6% were from urban areas, 94.9% were at a
basic or lower educational level, 93.8% were at the
lowest socioeconomic level, 100% had subsidized
health insurance, 78.7% were heads of households,
and 19.1% had single marital status.

The median gestational age at initiation of the
PCP was 12.3 (IQR 8.6-18.7) weeks, but 53.3% ac-
cessed the PCP in the first trimester of pregnancy. In
total, 63.3% (2,139) women had >1 syphilis screen-
ing test; 270 had a positive rapid point-of-care trepo-
nemal test. Of those 270 patients, 86.7% (234) were
considered cases with reactive nontreponemal tests,
11.1% (30) did not undergo the nontreponemal test,
and 2.2% (6) had a nonreactive nontreponemal test.
Finally, 96 mothers with newborns with congenital
syphilis were reported.

The percentage of pregnant women screened for
syphilis improved over time, increasing from <10%
in 2018 to nearly 90% in 2022 (Figure 1). The num-
ber of participants entering the PCP each year varied;
the lowest number was in 2020 and the highest was
in 2022. The percentage of newborns with congenital
syphilis per year decreased from 3.1% in 2018 to 1.8%
in 2022 but increased during the interim years, 2019
and 2020 (Figure 1).

Factors Associated with Having Newborns

with Congenital Syphilis

Of all pregnant women enrolled in the PCP, 53.1%
who had newborns with congenital syphilis were
not screened in the PCP. In the bivariate analysis, not
having been screened through the PCP was associ-
ated with the probability of having newborns with
congenital syphilis (adjusted odds ratio [aOR] 1.99,
95% CI1.32-3.00; p = 0.001) (Table 1).

Factors Associated with the Lack of Syphilis Screening
In the bivariate analysis, age of <18 years or >35
years, basic or lower education, low socioeconomic
status, single marital status, and accessing the PCP in
the second or third trimester of gestation were associ-
ated with a lack of syphilis screening (Table 2). On the
other hand, Afro-Colombian ethnicity and obstetric
history were identified as protective factors.
Multivariate analysis revealed that independent
factors associated with the lack of screening dur-
ing the PCP were basic or lower educational level
(aOR 2.22), lowest socioeconomic status (aOR 3.06),
occupation as head of household (aOR 1.21),
single marital status (aOR 2.02), and accessing the
PCP in the second or third trimester of pregnancy
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(aOR 1.23) (Figure 2). Conversely, having had >3
previous pregnancies (aOR 0.69) and being of Afro-
Colombian ethnicity (aOR 0.12) were identified as
protective factors.

Factors of Mothers with Syphilis Associated

with Having Newborns with Congenital Syphilis

In 234 pregnant patients, syphilis was detected
during prenatal care; 41 had newborns with con-
genital syphilis. Of those 41 patients, 41.5% did not
receive >1 dose of BPG >30 days before delivery,
which was associated with a 4.31-fold increase in
the probability of having newborns with the infec-
tion (Table 3).

Discussion

In this study conducted in pregnant women enrolled
in a PCP on the Pacific coast of Colombia, we ob-
served that the opportunity to prevent congenital
syphilis was missed in 53.1% of pregnant women
because of the lack of maternal screening. We found
that the lack of screening through the PCP signifi-
cantly increased the probability of having newborns
with congenital syphilis, and the independent fac-
tors associated with not having had >1 screening test
through the PCP included characteristics of higher
maternal social vulnerability and the late access to
the PCP. In addition, we observed that the oppor-
tunity to prevent congenital syphilis was missed in
41.5% of pregnant women with syphilis because of
the lack of treatment with >1 dose of BPG >30 days
before delivery, which increased the probability of
having newborns with syphilis.
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In the Americas, the prevalence of maternal
syphilis and the incidence of congenital syphilis has
increased substantially in recent years (22,23). In our
study, we noted a progressive increase in the num-
ber of pregnant persons screened for syphilis during
2018-2022. However, the congenital syphilis case-pa-
tient ratio and trend could have been influenced by
variability in access to the PCP during the years as-
sessed, lack of screening, and potential surveillance
biases. For example, screening in women with more
risk factors might have increased in 2019, and under-
reporting also could have occurred, particularly in
2020. Nevertheless, the improvement in screening
could indicate progress in syphilis surveillance and
control in this area, possibly attributable to the im-
plementation of the EMTCT Plus initiative (24) and
Colombia’s Resolution 3280 of 2018 (25). This reso-
lution established mandatory point-of-care screen-
ing using a rapid treponemal test for all pregnant
women in each trimester of pregnancy and included
administering BPG in case of a positive result (25).
Although the merits of this screening approach have
been debated, implementing point-of-care trepone-
mal tests in low-income settings has been reported to
increase the detection and treatment rates of syphilis
(26). Therefore, that practice could be beneficial in
the specific context of the studied region, although
additional efforts are still needed to achieve the goal
of 95% screening for syphilis in pregnant women. In
addition, the defined criteria for congenital syphilis
case-patients in Colombia are noteworthy and poten-
tially advantageous (1,9). That definition could enable
patients who might be overlooked using alternative
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criteria to be identified and treated (27). Nevertheless,
future studies must be meticulous in evaluating the
benefits and risks associated with these approaches,
considering the diverse regional contexts (27).
Timely prenatal care is crucial for healthy pregnan-
cy outcomes and early syphilis diagnosis (28), but cer-
tain sociodemographic factors might hinder healthcare
professionals from getting to know patients, identifying
their vulnerability factors, and providing comprehen-
sive care (29,30). Independent factors that contributed
to the lack of screening included basic or lower level of

education, low socioeconomic status, serving as head
of household, single marital status, and accessing pre-
natal care in the second or third trimester of pregnancy.
Similar findings on socioeconomic level, prenatal care
access, and compliance with screening were reported
in the United States (20,31). In Colombia, late entry into
prenatal care was associated with a low socioeconomic
stratum (32), and a study in China found that single
mothers (aOR 1.95) and women who had inadequate
prenatal care (aOR 3.61) were at increased risk of hav-
ing infants with congenital syphilis (30).

Table 1. Bivariate analysis of factors associated with having newborns with congenital syphilis in mothers who entered in a prenatal
care program of a public hospital in Buenaventura, Colombia, 2018-2022*

Newborn with

Newborn without

Characteristic congenital syphilis congenital syphilis Crude OR (95% ClI) p value
Age group, y
<18
Yes 19 (19.8) 592 (18.0) 1.12 (0.63-1.89) 0.659
No 77 (80.2) 2,690 (82.0) Referent
19-34
Yes 72 (75.0) 2,403 (73.2) 1.09 (0.68-1.83) 0.697
No 24 (25.0) 879 (26.8) Referent
>35
Yes 5(5.2) 287 (8.7) 0.57 (0.18-1.40) 0.2241
No 91 (94.8) 2,995 (91.3) Referent
Educational level
Basic or lowerf 92 (95.8) 3,115 (94.9) 1.23 (0.45-4.67) 0.684
Postsecondary 4 (4.2) 167 (5.1) Referent
Socioeconomic stratum§
1 (low-low) 94 (97.9) 3,075 (93.7) 3.16 (0.84-26.68) 0.0901
2 (low) 2(2.1) 207 (6.3) Referent
Residential area
Rural 1(1.0) 148 (4.5) 0.22 (0.01-1.29) 0.1021
Urban 95 (99.0) 3,134 (95.5) Referent
Ethnicity
Afro-Colombian 92 (95.8) 3,234 (98.5) 0.34 (0.12-1.33) 0.0331
Other 4 (4.2) 48 (1.5) Referent
Occupation
Head of household 77 (80.2) 2,580 (78.6) 1.1 (0.65-1.94) 0.706
Other 19 (19.8) 702 (21.4) Referent
Marital status
Single 24 (25.0) 621 (18.9) 1.42 (0.85-2.31) 0.135t
With partner# 72 (75.0) 2,661 (81.1) Referent
History of >3 pregnancies
Yes 33 (34.4) 1,024 (31.2) 1.15 (0.73-1.80) 0.508
No 63 (65.6) 2,258 (68.8) Referent
History of spontaneous abortions
Yes 23 (24.0) 655 (20.0) 1.26 (0.75-2.1) 0.334
No 73 (76.0) 2,627 (80.0) Referent
History of stillbirths
Yes 3(3.1) 89 (2.7) 1.16 (0.23-3.60) 0.806
No 93 (96.9) 3,193 (97.3) Referent
Trimester of access to PCP
Second or third 50 (52.1) 1,526 (46.5) 1.25 (0.81-1.92) 0.279
First 46 (47.9) 1,756 (53.5) Referent
>1 syphilis screening test
No 51 (53.1) 1,188 (36.2) 1.99 (1.30-3.07) <0.001%
Yes 45 (46.9) 2,094 (63.8) Referent

*Values are no. (%) except as indicated. PCP, prenatal care program.
tIndicates variables with a p value of <0.25 included in the logistic regression.

FBasic or lower: completed secondary school or lower; post-secondary: technical, technologist, university, or higher.
§Socioeconomic stratum scale in Colombia: 1 to 6, with 1 being the lowest level.
{[Person, whether single or married, who bears the ongoing responsibility for providing financial or social support to their minor newborns or other

dependents.
#De facto marriage or married.
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Table 2. Factors associated with having >1 screening test for syphilis in a prenatal care program of a public hospital, Buenaventura,

Colombia, 2018—2022*

>1 syphilis screening test

Characteristic No Yes Crude OR (95% ClI) p value
Age group, y
<18
Yes 258 (20.8) 353 (16.5) 1.33 (1.11-1.60) 0.001t
No 981 (79.2) 1,786 (83.5) Referent
19-34
Yes 897 (72.4) 1,578 (73.8) 0.93 (0.79-1.09) 0.383
No 342 (27.6) 561 (26.2) Referent
>35
Yes 84 (6.8) 208 (9.7) 0.67 (0.51-0.88) 0.0031
No 1,155 (93.2) 1,931 (90.3) Referent
Educational levelt
Basic or lower 1,198 (96.7) 2,009 (93.9) 1.89 (1.31-2.77) <0.001t
Postsecondary 41 (3.3) 130 (6.1) Referent
Socioeconomical stratum§
1: low-low 1,205 (97.3) 1,964 (91.8) 3.16 (2.16-4.74) <0.001t
2: low 34 (2.7) 175 (8.2) Referent
Residential area
Rural 52 (4.2) 97 (4.5) 0.92 (0.64-1.31) 0.644
Urban 1,187 (95.8) 2,042 (95.5) Referent
Ethnicity
Afro-Colombian 1,197 (96.6) 2,129 (99.5) 0.13 (0.06-0.27) <0.001t
Other 42 (3.4) 10 (0.5) Referent
Occupation
Head of household| 987 (79.7) 1,670 (78.1) 1.09 (0.92-1.31) 0.278#
Other 252 (20.3) 469 (21.9) Referent
Marital status
Single 326 (26.3) 319 (14.9) 2.04 (1.71-2.43) <0.001t
With partner** 913 (73.7) 1,820 (85.1) Referent
History of 23 pregnancies
Yes 321 (25.9) 736 (34.4) 0.67 (0.57-0.78) <0.001t
No 918 (74.1) 1,403 (65.6) Referent
History of spontaneous abortions
Yes 201 (16.2) 477 (22.3) 0.67 (0.56-0.81) <0.001t
No 1,038 (83.8) 1,662 (77.7) Referent
History of stillbirths
Yes 23 (1.9) 69 (3.2) 0.57 (0.34-0.93) 0.0181
No 1,216 (98.1) 2,070 (96.8) Referent
Trimester of access to PCP
Second or third 625 (50.4) 951 (44.5) 1.27 (1.10-1.47) <0.001t
First 614 (49.6) 1,188 (55.5) Referent

*Values are no. (%) except as indicated. PCP, prenatal care program.

TIndicates variables with a p value of <0.25 included in the logistic regression.

IBasic or lower: completed secondary school or lower; postsecondary: technical, university, or higher.

§Socioeconomic stratum scale in Colombia: 1 to 6, with 1 being the lowest level.

{IPerson, whether single or married, who bears the ongoing responsibility for providing financial or social support to their dependents.
#Was included in the multivariate analysis for the importance in Colombian social context.

**De facto marriage or married.

Several studies have reported that patients” fi-
nancial difficulties act as barriers to timely diagnosis
of maternal syphilis (33,34). Those barriers can affect
the ability of pregnant women to effectively access
healthcare services despite being insured under the
public healthcare system (35), especially when re-
siding in rural areas within a fragmented healthcare
system. Factors such as transportation could play a
major role in late access or even lack of access (18,36),
as evidenced in our study, where the population re-
siding in rural areas was very low. Geographic bar-
riers should be assessed in future studies on this
region of Colombia.
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Socioeconomic status, geographic barriers, low
educational level, poor community or family social
support, and the specific characteristics of the health-
care system in Colombia can result in limited contact
with healthcare personnel and limited information
(37), which leads to low awareness about the impor-
tance of timely prenatal care and detecting diseases
such as syphilis early (11,18,27,33,35-38). Therefore,
developing healthcare strategies and policies that
ensure prompt and effective access to healthcare in
the complex context of social determinants of health
is imperative (38). Those strategies are especially
crucial when most of the area’s residents exhibit
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vulnerable characteristics, and identifying popula-
tion groups that are most socially vulnerable be-
comes essential to prioritize effective prevention and
control strategies (31,38-40).

On the other hand, we identified factors that did
not decrease the probability of receiving >1 maternal
syphilis screening, such as a history of >3 pregnan-
cies and Afro-Colombian ethnicity, which is likely
related to improvements in healthcare personnel’s
identification of high-risk pregnancies (41,42) and
the predominance of Afro-Colombian ethnicity in
the area. Those findings, combined with progressive
improvements in the percentage of screened preg-
nant persons suggest that previously identified gaps
in healthcare providers” knowledge have gradually
been addressed (11,42).

However, we observed that 41.5% of pregnant
women with detected syphilis and with newborns
with congenital syphilis did not receive >1 dose of
BPG >30 days before delivery. That finding is par-
ticularly concerning because in the event of a positive
result on the point-of-care treponemal test, adminis-
tering a dose of BPG immediately is mandatory if the
medical history has ruled out BPG allergy (9,25). A

key factor to consider is delayed access to prenatal
care, which can lead to late diagnosis and treatment
and result in a missed opportunity to prevent con-
genital syphilis. In addition, although an allergy to
penicillin might cause the physician to desensitize the
patient to penicillin before initiating treatment (with
possible loss of follow-up), true penicillin allergy is
extremely rare (43), so this allergy is unlikely to result
in a missed opportunity to prevent congenital syphi-
lis. Hence, future studies are needed to identify the
reasons behind those missed opportunities (20).

The missed opportunity to prevent congenital
syphilis with BPG administration might be explained
in part by documented deficiencies in healthcare
professionals” understanding of the appropriate ap-
proach to maternal syphilis (11,42). Of note, similar
missed opportunities have been reported in other
settings; a report from the United States found lack
of adequate maternal treatment despite timely diag-
nosis was responsible for 30.7% of missed preven-
tion opportunities (44), and in 2022, missed preven-
tion opportunities because of inadequate treatment
ranged from 15.7% to 54.5% in various regions of
the United States (20). Those findings underscore

|
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Figure 2. Multivariate analysis of factors associated with the lack of >1 maternal syphilis screening test in prenatal care program,
Buenaventura, Colombia, 2018-2022. Vertical red dashed line indicates the nonassociation reference point. aOR, adjusted odds ratio;

PCP, prenatal care program.
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Table 3. Analysis of maternal factors associated with having a newborn with congenital syphilis in pregnant women with syphilis at a

public hospital, Buenaventura, Colombia, 2018—2022*

Newborn with

Newborn without

Characteristic congenital syphilis congenital syphilis RR (95% CI) p value
Age group, y
<18
Yes 9 (22.0) 35(18.1) 1.21 (0.62-2.35) 0.570
No 32 (78.0) 158 (81.9) Referent
19-34
Yes 30 (73.2) 146 (75.6) 0.89 (0.48-1.67) 0.738
No 11 (26.8) 47 (24.4) Referent
>35y
Yes 2 (4.9) 12 (6.2) 0.80 (0.21-2.99) 0.742
No 39 (95.1) 181 (93.8) Referent
Educational levelt
Basic or lower 40 (97.6) 185 (95.9) 1.60 (0.24-10.37) 0.605
Postsecondary 1(2.4) 8 (4.1) Referent
Socioeconomical stratumt
1: low-low 41 (100) 184 (95.3) NA (NA) 0.158
2: low 0 9(4.7) Referent
Residential area
Rural 0 7 (3.6) NA (NA) 0.215
Urban 41 (100) 186 (96.4) Referent
Ethnicity
Afro-Colombian 41 (100) 193 (100) NA (NA) NA
Other 0 0 Referent
Occupation
Head of household§ 33 (80.5) 155 (80.3) 1.00 (0.50-2.03) 0.979
Other 8 (19.5) 38 (19.7) Referent
Marital status
Single 11 (26.8) 46 (23.8) 1.13 (0.61-2.12) 0.684
With partnerq{ 30 (73.2) 147 (76.2) Referent
History of >3 pregnancies
Yes 11 (26.8) 76 (39.4) 0.61 (0.32-1.17) 0.131
No 30 (73.2) 117 (60.6) Referent
History of spontaneous abortions
Yes 9 (22.0) 40 (20.7) 1.06 (0.54-2.07) 0.860
No 32 (78.0) 153 (79.3) Referent
History of stillbirths
Yes 1(2.4) 8 (4.1) 0.62 (0.09-4.05) 0.605
No 40 (97.6) 185 (95.9) Referent
Trimester of access to PCP
Second or third 22 (53.7) 87 (45.1) 1.32 (0.76-2.31) 0.317
First 19 (46.3) 106 (54.9) Referent
Lack of syphilis treatment#
Yes 17 (41.5) 16 (8.3) 4.31 (2.62-7.12) <0.001
No 24 (58.5) 177 (91.7) Referent

*Values are no. (%) except as indicated. BPG, benzathine penicillin G; PCP, prenatal care program; RR, relative risk.

tBasic or lower: completed secondary school or lower; postsecondary: technical, university, or higher.

FSocioeconomic stratum scale in Colombia: 1 to 6, with 1 being the lowest level.

§Person, whether single or married, who bears the ongoing responsibility for providing financial or social support to their dependents.

{|De facto marriage or married.
#Lack of >1 dose of BPG >30 d before delivery.

the need for additional research and interventions
to ensure the effective treatment of maternal syphi-
lis, given the proven efficacy of BPG (8,27) and the
heightened risk for congenital syphilis when BPG is
omitted (30). Furthermore, the observation that 58.5%
of mothers with diagnosed syphilis and newborns
with congenital syphilis had received >1 dose of BPG
raises concerns about the adequacy of treatment ad-
ministered (9,20,45), and potential reinfections (46).
Consequently, ensuring treatment of sex contacts and
tailoring treatment with a penicillin-based regimen
initiated >30 days before delivery, with dosing and
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spacing appropriate for the stage of maternal syphilis,
are imperative (9,20,45).

Despite the small sample size and the predomi-
nance of participants with characteristics of social
vulnerability, this study contributes valuable infor-
mation to the literature on congenital syphilis. Fur-
thermore, because of the variability in gestational age
at entry into the PCP, the results might exhibit bias.
However, consistent with other studies, late entry to
the PCP was identified as a factor that affected the pre-
vention and control of congenital syphilis (30,31,44).
Therefore, we recommend interpreting our findings

897



SYNOPSIS

with caution; future research with larger sample sizes
would achieve a more comprehensive understanding
of the topic.

Overall, we observed a concerning 53.1% missed
opportunity in congenital syphilis prevention be-
cause of the lack of maternal screening and a 41.5%
missed opportunity because of the lack of maternal
treatment. Maternal social vulnerability factors, such
as basic or low educational level, low socioeconomic
status, being head of the family, single marital status,
and late access to prenatal care, increased the prob-
ability of not having maternal syphilis screening and
having newborns with congenital syphilis. In addi-
tion, not having >1 dose of BPG >30 days before de-
livery, despite being a case-patient with syphilis de-
tected at the PCP, increased the probability of having
newborns with syphilis. Therefore, we recommend
implementing a comprehensive multidisciplinary
approach to identify and address those social vulner-
ability factors. Furthermore, we suggest intensify-
ing efforts to ensure maternal syphilis is detected in
a timely manner and treated adequately to mitigate
elevated congenital syphilis incidence on the Pacific
coast of Colombia.
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Understanding SARS-CoV-2 infection in populations at
increased risk for poor health is critical to reducing dis-
ease. We describe the epidemiology of SARS-CoV-2 in-
fection in Kakuma Refugee Camp Complex, Kenya. We
performed descriptive analyses of SARS-CoV-2 infection
in the camp and surrounding community during March
16, 2020-December 31, 2021. We identified cases in ac-
cordance with national guidelines.We estimated fatality
ratios and attack rates over time using locally weighted
scatterplot smoothing for refugees, host community
members, and national population. Of the 18,864 SARS-
CoV-2 tests performed, 1,024 were positive, collected
from 664 refugees and 360 host community members.
Attack rates were 325.0/100,000 population (CFR 2.9%)
for refugees,150.2/100,000 population (CFR 1.11%) for
community, and 628.8/100,000 population (CFR 1.83%)
nationwide. During 20202021, refugees experienced a
lower attack rate but higher CFR than the national popu-
lation, underscoring the need to prioritize SARS-CoV-2
mitigation measures, including vaccination.

n late 2019, a cluster of pneumonia cases caused
by a novel coronavirus later named SARS-CoV-2
was identified in Wuhan, China (2). The virus spread
rapidly in China and globally; the World Health Or-
ganization (WHO) declared a pandemic on March
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11, 2020 (2). The disease caused by SARS-CoV-2 was
designated by WHO as COVID-19. Some COVID-19
patients develop severe disease requiring hospitaliza-
tion in intensive care unit; the risk for severe disease
was associated with increasing age, socioeconomic
status and underlying conditions (3). To contain the
pandemic, many countries restricted international
travel, implemented social distancing, and encour-
aged the use of face masks and frequent handwash-
ing and sanitizing (1).

The United Nations High Commissioner for Ref-
ugees (UNHCR) estimates that as of December 2020,
there were 20 million refugees and 4.1 million asylum
seekers globally, most of whom were living in low-
and middle-income countries, usually with weak
health systems and poor capacity to manage severe
COVID-19 (4). As of December 2021, Kenya hosted
540,068 refugees in urban and camp settings (5). The
number of refugees into Kenya increased steadily
during 2019-2021 (5). During the COVID-19 pan-
demic, the Kakuma Refugee Camp Complex (KRCC)
was home to =40% of refugees in Kenya. To prevent
the introduction and spread of the virus in refugee
camps, UNHCR-Kenya and the government of Kenya
implemented mitigation measures, including restric-
tion of movement into and out of the camps.

Refugees are at an increased risk for poor health
outcomes (4) for several reasons: difficulties in access
to linguistically and culturally appropriate health
related information (6); inadequate nutrition, partly
because dependence on food rations (7); and poor ac-
cess to adequate health services, including testing for
SARS-CoV-2 and management of COVID-19. They

"Preliminary results from this study were presented at the 2022
North American Refugee Health Conference, June 23-25, 2022,
Cleveland, Ohio, USA.
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often live in remote locations in crowded shelters
with poor access to water, sanitation, and hygiene
facilities, thus making implementation and enforce-
ment of COVID-19 mitigation measures such as social
distancing, handwashing, isolation, and quarantine
challenging (2). Moreover, some essential services of-
fered to refugees, such as food distribution and refu-
gee registration, repatriation, and resettlement, cause
refugees to congregate, increasing the likelihood of
SARS-CoV-2 transmission. In addition, humanitarian
workers providing services to refugees may travel
from urban areas with a high prevalence of SARS-
CoV-2 to the refugee camps and may transmit disease
into refugee settings.

The epidemiology of SARS-CoV-2 infection
in refugee camps is not well described. Given the
unique setting and vulnerabilities of this population,
it may also be different from the host community, na-
tional, or even global epidemiology. Understanding
the epidemiology of SARS-CoV-2 infection in refugee
populations may lead to targeted interventions and
messaging, which can be different from the messag-
ing and interventions designed for the general pop-
ulation. We sought to describe the epidemiology of
SARS-CoV-2 infection in the KRCC during the pan-
demic and compare it with the national situation.

Kenya Ministry of Health reviewed this project
and determined that it was a nonresearch program-
matic activity to inform public health prevention strat-
egies and did not require local Institutional Review
Board approval. This activity was reviewed by CDC
and was conducted consistent with applicable federal
law and CDC policy (e.g., 45 C.F.R. part 46.102(1)(2),
21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44
U.S.C. §3501 et seq.).

Methods

Study Site and Population

Turkana West subcounty is located in Turkana Coun-
ty in northwestern Kenya. It shares international
boundaries with Uganda to the west and South Su-
dan to the northwest and is ~600 km from Nairobi (8).
It hosts Kakuma refugee camp and Kalobeyei inte-
grated settlement, which comprise the current KRCC.
Kakuma refugee camp was established in 1992 as a
single camp; it is divided into 4 sections (Kakuma 1,
2,3 and 4). In 2016, the population of Kakuma refugee
camp had exceeded its maximum capacity, prompt-
ing the establishment of Kalobeyei integrated settle-
ment to provide additional accommodation for refu-
gees. In this new settlement, located 25 km away from
Kakuma refugee camp, refugees are integrated into

Epidemiology of SARS-CoV-2 in Refugee Camp, Kenya

host communities (9). The host community mainly
consists of pastoralists who live throughout Turkana
West subcounty; they are able to mix with refugees
and can access health services within the refugee
camps (9) (Appendix Figure, https://wwwnc.cdc.
gov/EID/article/30/5/23-1042-App1.pdf).

During March 1, 2020-December 31, 2021, KRCC
hosted 196,050-219,901 refugees and asylum seekers,
most of whom were from South Sudan, Democratic
Republic of the Congo, Burundi, Ethiopia, and Sudan
(5). For this analysis, we used the population at the
midpoint in time, February 2021, as our denomina-
tor; it was 204,309 (5). At the same time, an estimated
239,627 host community members were living in Tur-
kana West subcounty. The main UNHCR healthcare
implementing partner is the International Rescue
Committee (IRC).

Testing for SARS-CoV-2

Since March 11, 2020, when WHO declared
COVID-19 a pandemic, patients meeting the defini-
tion of a suspected case of COVID-19 and their close
contacts were prioritized for testing for SARS-CoV-2
(10,11). Specimens for SARS-CoV-2 testing were col-
lected from the patient’s upper and lower respiratory
system in accordance with guidelines from Kenya
Ministry of Health (10). In May 2020, as we learned
that presymptomatic persons could spread the virus
(12), UNHCR recommended expanded testing to in-
clude refugees and humanitarian workers each time
they traveled in or out of the camp. Beginning in April
2021, testing was required for refugees on voluntary
repatriation to their country of origin and for those
being prepared for any surgical procedure. Of note,
the case definition of COVID-19 changed over time;
fever and history of travel were required initially, and
later, persons with other symptoms of COVID-19 but
no history of travel met the definition of a suspect-
ed case and were eligible for testing. Those changes
were consistent with WHO guidelines and were offi-
cially communicated by the Kenya Ministry of Health
through official notifications and published on the
Ministry of Health website (10,11). SARS-CoV-2 in-
fections were identified following national guidelines
and a confirmed SARS-CoV-2 case was anyone with
laboratory confirmation of SARS-CoV-2 infection ei-
ther by real-time reverse transcription PCR (real time
RT-PCR), GeneXpert SARS-CoV-2 rapid real-time
RT-PCR (GeneXpert; Cephid, https://www.cepheid.
com), or antigen rapid diagnostic testing (Ag RDT),
irrespective of clinical signs or symptoms (11). A
COVID-19 case-patient was any symptomatic person
who tested positive for SARS-CoV-2.
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Severe acute respiratory illness (SARI) and influ-
enza-like illness (ILI) surveillance was established in
Kakuma refugee camp in 2007. Samples from persons
meeting the SARI/ILI case definitions were tested
for influenza viruses, respiratory syncytial virus,
human metapneumovirus, and parainfluenza virus.
The case definitions for SARI and ILI are described
elsewhere (13). Effective March 16, 2020, specimens
were also tested prospectively for SARS-CoV-2 using
real-time RT-PCR at the US Centers for Disease Con-
trol and Prevention (CDC)-supported Kenya Medi-
cal Research Institute (KEMRI) laboratory in Nairobi.
Over time, the testing algorithm for SARS-CoV-2 was
modified as the testing capacity was expanded from
centralized real-time RT-PCR testing in Nairobi to ad-
ditional laboratories performing real-time RT-PCR,
GeneXpert, and Ag RDT testing (Figure 1). In KRCC,
Ag RDT testing was available in April 2021 and Gen-
eXpert testing in June 2021. To ensure timely isolation
of COVID-19 cases, SARI and ILI cases in which there
was a strong clinical suspicion of COVID-19 were
tested using Ag RDT at the IRC laboratory. Persons
experiencing symptoms, under quarantine, or being
prepared for surgery were also tested using Ag RDT.
During April-June 2021, the International Organiza-
tion for Migration (IOM) laboratory tested refugees
on resettlement and humanitarian workers using real
time RT-PCR; thereafter, either GeneXpert or real
time RT-PCR was used. AMPATH tested specimens
from Turkana West Subcounty beginning in May
2021 and Lancet laboratories beginning in June 2021,
using real-time RT-PCR whenever it was not feasible
to test the specimens either at IRC or CDC-supported
KEMRI laboratories.

Study Design
We conducted a descriptive analysis of routinely
collected data from March 2020-December 31, 2021,
Voluntary
repatriation
SARI/ILI

Symptomatic

Real-time PCR

Real-time PCR

Quarantine

Population

Presurgery

Travelers to
and from camp

on demographics, SARS-CoV-2 testing results, and
clinical outcomes of COVID-19 in KRCC. We used
multiple sources of SARS-CoV-2 infection data for
Turkana West subcounty and KRCC, each with its
own limitations.

National SARS-CoV-2 Testing Repository

On June 16, 2020, the Kenya Ministry of Health estab-
lished a national repository for SARS-CoV-2 testing at
the National Public HealthLaboratory (NPHL). All
laboratories accredited to perform SARS-CoV-2 test-
ing were required to submit all test results to the
national SARS-CoV-2 testing repository through a
secure web link. This dataset included all persons
tested for SARS-CoV-2 using Ag RDT, GeneXpert,
and real-time RT-PCR. For the purposes of our analy-
sis, the national SARS-CoV-2 testing repository data
was limited to Turkana West subcounty.

National Line List of SARS-CoV-2-Positive Cases

Upon the detection of the first case of SARS-CoV-2 in
Kenya on March 14, 2020, the national Public Health
Emergency Operation Center (PHEOC) maintained
a line list of all laboratory-confirmed cases. This list
was regularly updated for symptomatic cases with
outcome of illness.

Line List of Positive Cases in the Refugee Camp

Upon the detection of the first SARS-CoV-2 infec-
tion in the camp, UNHCR and IRC maintained a line
list of laboratory-confirmed SARS-CoV-2 cases. For
symptomatic cases, this list was regularly updated
with outcome of illness.

Data Management

We primarily used data from the national SARS-
CoV-2 testing repository, line list of SARS-CoV-2
positive cases maintained by IRC, and the national

Real-time
PCR only

Ag RDT + PCR
Ag RDT Ag RDT + GeneXpert

GeneXpert

Real-time PCR Ag RDT only

Ag RDT only

Real-time PCR GeneXpert or real-time PCR

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2020

021

Figure 1. Testing algorithm and timelines for priority groups in Kakuma Refugee Camp Complex, Kenya, March 2020-December 31,
2021. Voluntary repatriation was halted in 2020 because of the pandemic and resumed in April 2021. Symptomatic persons were initially
tested for SARS-CoV-2 using real-time PCR; starting April 2021, they were tested used only Ag RDT; starting in June 2021, positive
samples were confirmed using GeneXpert (Cephid, https://www.cepheid.com). Persons with SARV/ILI were initially tested using real-
time PCR; starting April 2021, they were tested using both Ag RDT and real-time PCR. Ag RDT, antigen rapid diagnostic testing; ILI,

influenza-like illness; SARI, severe acute respiratory illness.
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Table. Data sources used for analysis of SARS-CoV-2 infection, Kakuma Refugee Camp Complex, Kenya, 2020-2021*

Data source Refugees

Host Kenya

National SARS-CoV-2 testing
repository

SARS-CoV-2 testing rate

SARS-CoV-2 testing rate SARS-CoV-2 testing rate

National line list of positive cases NA

COVID-19 attack rate and case-
fatality ratio

COVID-19 attack rate and case-
fatality ratio

COVID-19 attack rate and
case-fatality ratio

UNHCR/IRC line list of positive
cases from the
refugee camp

NA NA

Source of population size Population statistics from

UNHCR

2019 National Housing and
Population Census

2019 National Housing and
Population Census

*IRC, International Rescue Committee; NA, not applicable; UNHCR, United Nations High Commissioner for Refugees.

PHEOC. We restricted the analysis to KRCC and cal-
culated SARS-CoV-2 testing rates, SARS-CoV-2 infec-
tion attack rates, and COVID-19 case-fatality ratios
(Table).

We defined refugees as persons living in KRCC
or who were noted as a refugee in the database and
host community members as nonrefugees who lived
in Turkana West subcounty and were not employed
as humanitarian workers. We excluded humanitar-
ian workers from this analysis because it was unclear
how many were working in the camp during the pan-
demic. Moreover, the workers traveled several times
in and out of the camp as part of their work, thus re-
quiring testing multiple times, unlike refugees and
host community members, who moved in and out of
the camps much less frequently.

We performed statistical analysis using SAS
software version 9.4 (SAS Institute Inc., https://
www.sas.com) and plotted graphs using R version
41.1 (The R Foundation for Statistical Computing,
https:/ /www.r-project.org). We estimated attack
rates with their associated 95% Cls for refugees and
the host community using population statistics from
UNHCR (14) and the 2019 national population census
(15). We estimated attack and testing rates over time
using locally weighted scatterplot smoothing, a local-
ized weighted regression with a span of 20% of the
nearest point and heavier weighting of closer points.
To avoid negative attack rates due to the effect of

2

Test rate
== Host

== National
= Refugee

No. tests per 1,000 population
-

smoothing caused by values closer to zero, we fitted
them on a log scale and then applied exponentiation
to get results on the original scale.

Results

The first positive SARS-CoV-2 case from KRCC was
detected on May 22, 2020, in a refugee camp 2 months
after the first case of SARS-CoV-2 was reported in
Kenya. This case-patient was tested because he had
traveled from Nairobi to the camp. By December
31, 2021, a total of 1,024 SARS-CoV-2 infection cases
were reported in KRCC; among those, 664 (63.4%)
were refugees and 360 (36.6%) members of the host
community. The median patient age was 25 (1-102)
years; 498 (51.0%) patients were male. Nationally, a
total of 297,155 SARS-CoV-2 cases were reported as
of December 31, 2021.

During March 2020-December 31, 2021, a to-
tal of 23 COVID-19 deaths were reported in KRCC
and 5,442 nationally. The overall CFRs were 2.25%
(95% CI 1.29%-3.20%) for KRCC and 1.83% (95% CI
1.78%-1.87%) for Kenya. Of the 23 deaths in KRCC,
19 deaths (CFR 2.86%, 95% CI 1.52%-4.20%) were
reported among refugees, and 4 deaths (CFR 1.11%,
95% CI10.00%-2.33%) among the host community.

During the same period, a total of 18,864 SARS-
CoV-2 tests from Turkana West subcounty were per-
formed. Weekly variation in the testing rates during the
pandemic (Figure 2) resulted in part from challenges

Figure 2. Weekly COVID-19
SARS-CoV-2 testing rates

per 1,000 population for the
general population and among
host and refugee populations
in Kakuma Refugee Camp
Complex, Kenya, March 16,
2020-December 31, 2021.
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Figure 3. Weekly SARS-
CoV-2 infection attack rates
per 100,000 population for the
general population and among
host and refugee populations
in Kakuma Refugee Camp
Complex, Kenya, March 16,
2020-December 31, 2021.
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in obtaining supplies for specimen collection and test-
ing; hence, it is likely that many SARS-CoV-2 infection
cases were missed and not reported. The testing rate for
SARS-CoV-2 was lower than the WHO recommended
minimum weekly testing rate of 1/1,000 population,
among all 3 populations in our analysis: refugees (10,689
tests; 0.52/1,000 population), host community mem-
bers (2,635 tests; 0.11/1,000 population), and nationally
(3,260,483 tests; 0.69/1,000 population).

The overall SARS-CoV-2 infection attack rates
per 100,000 persons was 325.0 (95% CI 300.1-349.9)
among refugees, 150.2 (95% CI 134.5-165.9) in the
host community, and 628.8 (95% CI 626.6-631.1) na-
tionally. The COVID-19 pandemic in Kenya occurred
in waves. Nationally, there were 5 waves: June-Au-
gust 2020, September-December 2020, February-May
2021, May-September 2021, and November-Decem-
ber 2021 (Figure 3). Similarly, refugee and host com-
munities experienced waves of infections. The high-
est attack rate among refugees and host community
members during the first wave, and the subsequent
waves were of a lesser magnitude than the previous
waves. The third national wave coincided with an in-
crease in attack rate among refugees and host com-
munity. In contrast, during the fourth national wave
there was no increase in attack rate among refugees
and host community members.

Discussion

This analysis found that refugees were severely nega-
tively affected by COVID-19 during the pandemic.
Refugees experienced a lower attack rate but a higher
CFR than the population of Kenya as a whole. The low
attack rate among refugees compared with national
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rates is similar to findings in Jordan's refugee camps
(16), which may suggest that refugees were not re-
sponsible for the continued spread of SARS-CoV-2
but instead were affected by external SARS-CoV-2
transmission. We noted that the pandemic occurred
when the Kenya government had given a nonnegotia-
ble ultimatum for closure of refugee camps that was
not enforced at the time (17); stigmatization, increased
restriction, or crackdowns on refugees were possible
if they were thought to be responsible for driving in-
fection. At the beginning of the pandemic there were
fears of catastrophic effects of COVID-19 among refu-
gee settings because those populations were already
vulnerable (18). We found a higher CFR among refu-
gees compared to national rates. The low testing rate
among host community members may partly explain
a lower attack rate, whereas the lower CFR observed
among host community members could be a conse-
quence of poor documentation of deaths among this
population in Turkana West subcounty.

We cannot fully explain why the refugees ex-
perienced a higher CFR than the host and national
populations. One possible reason is that, unlike in
the host and Kenya populations, all deaths among
refugees were meticulously investigated to de-
termine if the cause of death was COVID-19. This
process included collection and testing of nasopha-
ryngeal swabs from deceased refugees at both com-
munity and health facility levels, potentially inflat-
ing the CFR. In addition, contributing factors such
as malnutrition, other diseases, or poor health status
could put refugees at higher risk for severe disease
and death. Unfortunately, that information was not
available for analysis.
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Measures put in place to either delay introduc-
tion of the virus into the camps or contain transmis-
sion within Kenya had positive effects and some
unintended consequences. In April 2020, the gov-
ernment of Kenya imposed restriction on movement
of persons from SARS-CoV-2-infected areas and a
lockdown in urban areas (19,20). Similarly, UNHCR
restricted movement into and out of the camps to
delay introducing the virus in the refugee camps
to enhance pandemic control. Whereas the national
lockdown and restriction of movement from SARS-
CoV-2-infected areas were imposed with good
intentions, they may have had unintended conse-
quences on refugees. Refugees who were living on
daily wages in urban settings experienced job losses
that caused them to migrate from urban settings
with high SARS-CoV-2 attack rates to the camps, in-
troducing SARS-CoV-2 into the camps, as happened
with the first case in KRCC.

After the introduction of the virus to the camp,
the first wave among refugees had very high attack
rates at a time when the testing rates were very low.
The high attack rates were partly caused by inabil-
ity to significantly reduce contact with many undi-
agnosed case-patients living with other refugees in
crowded shelters. At that time, the estimated popu-
lation of refugees in the camp was 196,120 in an ex-
pected capacity of <100,000 (5). Also, because most of
the cases reported were asymptomatic at that time,
there was inadequate information among refugees on
SARS-CoV-2. Poor adherence to COVID-19 mitiga-
tion measures among refugees was not uncommon,
which may partly explain the high attack rates report-
ed. In contrast, the attack rate among host community
members was low during the first wave, possibly be-
cause it was a sparsely populated rural population,
which reduced the risk for transmission.

Although we did not test for the SARS-CoV-2
variants circulating in the refugee camps, it is likely
that that the variants that were predominant nation-
ally were also circulating in the refugee camp. The
third national wave commenced in January 2021
when the more transmissible Alpha variant B.1.1.7
was detected in Kenya (21); during that time, there
was a similar increase in attack rate among refugees
and host community members. The Delta variant
B.1.617.2 was detected in Kenya in March 2021, co-
circulating with the Alpha variant (22). The Delta
variant took over as the predominant variant during
the fourth national wave. It is unclear why, during
the period when the Delta variant was predominant
in Kenya, the attack rate increased nationally but not
among refugees.
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We also found that testing was low for refugees
nearly throughout the pandemic; some SARS-CoV-2
infections were undetected and thus the reported at-
tack rates are likely an underestimate. The introduc-
tion of Ag RDTs and GeneXpert testing in the camp
led to improvement in testing rate of refugees, al-
though it did not reach the minimum test per pop-
ulation rate recommended by WHO. The improved
testing capacity came late in the pandemic, when it
was no longer tenable to perform contact tracing for
all confirmed cases. The low testing rate among refu-
gees in KRCC is consistent with findings among other
refugee populations (23).

The first limitation of this descriptive analysis is
that we relied on routine data collected by different
entities which had gaps, and hence, we had to cross-
check with other datasets to have a complete dataset
for analysis. To do that, we had to make assumptions
because of the unique deficiencies in each dataset:
the national SARS-CoV-2 testing repository was es-
tablished after SARS-CoV-2 cases were detected in
the camp; the repository was not routinely checked
for errors; multiple tests for the same person were
captured even if they were done almost at the same
time; and manual transfer of data using Microsoft
Excel spreadsheets from the testing laboratory to the
national SARS-CoV-2 repository could have led to
some errors. In addition, we were unable to identify
persons who had multiple tests performed during
the same infection or those with prolonged shedding
of the virus. Prolonged detection of viral RNA does
not indicate infectiousness (24). In our analysis, we
reported those infections as separate, thus overesti-
mating the attack rates for refugees and for host and
national populations. Those deficiencies likely led to
reporting bias. Second, the reported positive cases
were based on multiple testing platforms such as RT-
PCR, GeneXpert, and Ag RDT, which had different
sensitivities and specificities. Ag RDT, for example,
had a low sensitivity, potentially resulting in false
negatives and resulting in an underestimate of the
reported attack rates. Third, since we are comparing
attack rates, it would have been better if we adjusted
for the varying testing rates among the populations;
however, this adjustment was not possible because
host and refugee populations were a subset of the na-
tional database.

In conclusion, KRCC did not escape the COVID-19
pandemic. Refugees experienced a reported lower
attack rate but a higher CFR compared with the
national rates. It is unclear if the high CFR among
refugees was a result of poor utilization of health
services, poor access to healthcare by severe cases,
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low testing rate, or a general predisposition to ill
health because of malnutrition or co-infection with
other pathogens.

Testing is an essential component in controlling
the pandemic to ensure early isolation, contact trac-
ing, and case management. To provide evidence on
the need for behavior change to mitigate the spread
of SARS-CoV-2, a robust testing system is critical.
Therefore, to prepare for the next pandemic, it is es-
sential to strengthen laboratory capacity that would
serve not only refugees but also rural communities
hosting the refugees.

The challenges with reliable SARS-CoV-2 data
from this refugee population also emphasizes the
need for improved integration of migrant popula-
tions into national data systems to better understand
differences in disease transmission during outbreaks
and pandemics. Our findings underscore the need to
prioritize COVID-19 mitigation measures, including
vaccination for refugees.
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Considering patient room shortages and prevalence of
other communicable diseases, reassessing the isolation
of patients with Clostridioides difficile infection (CDI) is im-
perative. We conducted a retrospective study to investigate
the secondary CDI transmission rate in a hospital in South
Korea, where patients with CDI were not isolated. Using
data from a real-time locating system and electronic medi-
cal records, we investigated patients who had both direct
and indirect contact with CDI index patients. The primary
outcome was secondary CDI transmission, identified by
whole-genome sequencing. Among 909 direct and 2,711 in-
direct contact cases, 2 instances of secondary transmission
were observed (2 [0.05%)] of 3,620 cases), 1 transmission
via direct contact and 1 via environmental sources. A low
level of direct contact (113 minutes) was required for sec-
ondary CDI transmission. Our findings support the adoption
of exhaustive standard preventive measures, including en-
vironmental decontamination, rather than contact isolation
of CDI patients in nonoutbreak settings.

Mitigating the incidence of Clostridioides difficile
infections (CDlIs), particularly those acquired in
healthcare settings, has received increased attention
because of the notable prevalence of this contagion
(1,2). Although the incidence of hospital-acquired CDI
has declined because effective infection control mea-
sures have been used (3), the effectiveness of specific
interventions used to curb disease transmission re-
mains unclear (4-6). The efficacy of contact isolation
for symptomatic patients has been questioned because
recent reports have highlighted the transmission of
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C. difficile by asymptomatic carriers (4). Consider-
ing patient room shortages in resource-limited set-
tings and the endemicity of other pathogens, such as
carbapenemase-producing Enterobacterales and coro-
naviruses causing COVID-19 (7,8), isolating symptom-
atic patients with CDI requires revaluation. Acquiring
data on the secondary transmission rate of CDI is cru-
cial and should emphasize comprehensive patient con-
tact histories, regardless of specific points of contact.

Real-time locating system (RTLS) technology
is well suited for acquiring data on secondary CDI
transmission rates; the system can be leveraged to
precisely quantify human-to-human interactions ir-
respective of the number of contacts (9-11). RTLS in-
volves radio-frequency identification and a wireless
network tracking system, which calculates the dis-
tance and duration of human-to-human interaction
by analyzing the signal from a radio-frequency iden-
tification tag worn by users (12). Although concerns
regarding privacy and cost-benefit persist, accumu-
lating evidence supports the validity of using RTLS
technology in hospital settings (9,10,13).

Since its inception, Yongin Severance Hospital in
South Korea has been equipped with RTLS, which can
provide epidemiologic data for patient contact time and
distance with high sensitivity. We aimed to determine
the real-world CDI transmission rate by using RTLS, fo-
cusing on the contact time required for infection trans-
mission in susceptible patients within this hospital.

Methods
Ethics Statement

This study was approved by the Institutional Re-
view Board of the Yonsei University Health System

"These authors contributed equally to this article.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 30, No. 5, May 2024



Clinical Trial Centre, and the study protocol adhered
to the tenets of the Declaration of Helsinki (approval
no. 9-2022-0209; approved on February 24, 2023). Be-
cause this was a retrospective study, the Institutional
Review Board waived the requirement for written in-
formed consent from the study participants.

Study Design and Participants

We conducted a retrospective cohort study involv-
ing hospitalized patients who had direct or indirect
contact with index patients who had a CDI diagno-
sis during September-December 2021. The study
concluded on July 29, 2022, when information from
the last enrolled patient was acquired. CDI was di-
agnosed by using PCR, which detected the C. difficile
toxin B gene, and by identifying C. difficile in fecal
culture samples obtained from patients experienc-
ing diarrhea (Appendix 1, https://wwwnc.cdc.gov/
EID/article/30/5/23-1588-Appl.pdf). Diarrhea was
defined as new-onset bowel movements >3 times
per day. Yongin Severance Hospital is a university-
affiliated hospital that has 560 beds; 46.7% (86/184)
of rooms have 4-5 beds. Patients in the same room
shared toilets, except in the intensive care unit, where
most patient beds were isolated, eliminating the need
for shared toilets. After discharge, the rooms were
cleaned with nonsporicidal disinfectants. Although
patients with CDI were not placed under specific con-
tact isolation, the hospital used enhanced standard
infection control measures throughout the hospital
because of the COVID-19 pandemic, which included
encouraging regular handwashing with soap and wa-
ter and mask use. CDI index patients were not iso-
lated as a contact precaution during hospitalization;
their baseline characteristics were recorded (Appen-
dix 1 Table 1).

We tracked CDI contact cases by using 3 differ-
ent methods. First, we investigated patients who
came in direct contact with CDI index patients by
using RTLS. We considered patients within a 1-me-
ter radius of index patient to have had direct contact,
regardless of the duration. Second, we collected data
for patients who came in indirect contact with CDI
index patients via healthcare personnel. We used
RTLS to identify contact cases where patients inter-
acted with healthcare personnel who had attended
to an index patient for >24 hours. We assumed the
disease could be potentially transmitted through
healthcare workers” hands or through fomites, such
as blood pressure cuffs. We systematically calculated
contact duration for the entire hospitalization period,
irrespective of the presumed contagiousness of the
index patient. We adopted this approach to ensure
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the comprehensive inclusion of patients susceptible
to transmission during the asymptomatic phase of
the index patient. Third, we identified CDI cases
arising from indirect contact through environmental
contaminants. We enrolled patients who were hos-
pitalized in the same rooms as index patients within
3 months after the index patient’s discharge. The
patients were followed up until their last outpatient
visit or hospitalization. We tracked diarrhea symp-
toms and obtained results for C. difficile toxin B gene
PCR and for the fecal C. difficile culture tests from
electronic medical records.

The primary outcome was secondary CDI trans-
mission, identified by whole-genome sequencing.
We performed PCR ribotyping for all C. difficile iso-
lates obtained from the patients with a CDI diagno-
sis. Among the designated contacts, we sequenced
whole genomes of paired C. difficile samples from
patients harboring identical ribotypes. We deter-
mined person-to-person transmission by examining
the genetic relatedness of isolates to reveal consis-
tent core genome sequence types and substantial al-
lelic homogeneity. We excluded index patients with
a history of CDI within 3 months before the study
period, contact case-patients with a history of diar-
rhea but without laboratory tests to confirm CDI,
and contact case-patients who had a short follow-up
period of <7 days.

PCR Ribotyping

We performed PCR ribotyping by using the primers
CD1-CD1445 (14,15). We compared PCR ribotyping
patterns with those of known standard C. difficile strains
(VPI10463, UK078, 48489ATCC9689, ATCC43598, and
ATCC70057). We considered ribotype patterns with >1
band difference to be different ribotypes.

Whole-Genome Sequencing

We generated sequencing libraries for C. difficile ge-
nomic DNA by using Twist Library Preparation EF
2.0 Kit and Twist UDI Primers (Twist Bioscience,
https:/ /www .twistbioscience.com) according to the
manufacturer’s instructions. We extracted genomic
DNA by using the chemagic 360 extraction instrument
and chemagic DNA Tissue Kit (both PerkinElmer,
https:/ /www.perkinelmer.com). We assessed the
quantity of DNA in the libraries by using Qubit 3.0
and the Qubit dsDNA HS Assay Kit (ThermoFisher
Scientific, https://www.thermofisher.com) and as-
sessed quality by using the 4200 TapeStation and
DNA1000ScreenTape (Agilent, https:/ /www.agilent.
com). We used the quantified final library products
for cluster generation and performed next-generation
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sequencing on an Illumina NovaSeq 6000 sequencer
system (Illumina, https://www.illumina.com) in
300-bp paired-end format according to the Illumina
paired-end sequencing protocol. We performed de
novo assembly of sequences by using Unicycler ver-
sion 0.4.8 (https://github.com/rrwick/Unicycler)
and analyzed core genomic multilocus sequence typ-
ing by using EnteroBase (https://enterobase.war-
wick.ac.uk).

Among isolate pairs with the same ribotype, 2
pairs of identical core genomic sequence types had al-
lelic differences of 9 and 13. We distinguished between
secondary and nonsecondary transmission according
to the distribution of allelic differences among pairs of
identical ribotypes (104 [interquartile range 27-1,709]
differences). The probability of genetic homogeneity
was statistically significant for the same core genomic
sequence types with allelic differences <13 (p = 0.010).

Table 1. Baseline characteristics of patients in study identifying contact time required for secondary transmission of Clostridioides

difficile infections by using real-time locating system in South Korea*

Patients with subsequent CDI

Secondary Nonsecondary Patients without
Characteristics All patients transmission transmission p valuet  subsequent CDI p valuet
Total no. patients 2,520 2 56 NA 2,462 NA
Mean age, y (SD) 60.4 (19.8) 81.5 (2.1) 73.4 (11.6) <0.001 60.06 (19.80) 0.091
Sex
M 1,343 (53.3) 2 (100.0) 31 (55.4) >0.99 1,310 (53.2) NA
F 1,177 (46.7) NA NA NA NA NA
Prior hospitalization 381 (15.1) 0 18 (32.1) >0.99 263 (14.7) 0.153
Recent antimicrobials 1,686 (66.9) 2 (100.0) 54 (96.4) >0.99 1,630 (66.2) 0.047
Underlying conditions
Diabetes mellitus 765 (30.4) 1 (50.0) 25 (44.6) 0.881 739 (30.0) 0.600
COPD 91 (3.6) 0 6 (10.7) >0.99 85 (3.5) 0.926
Chronic heart failure 617 (24.5) 1(50.0) 28 (50.0) >0.99 588 (23.9) 0.876
Hypertension 1,131 (44.9) 1 (50.0) 36 (64.3) 0.683 1,094 (44.4) 0.521
Chronic kidney disease 341 (13.5) 0 18 (32.1) >0.99 323 (13.1) 0.633
Malignancy 640 (25.4) 1 (50.0) 21 (37.5) 0.723 618 (25.1) 0.905
IBD 1(0.0) 0 0 NA 1(0.0) NA
CVA 279 (11.1) 0 11 (19.6) >0.99 268 (10.9) NA
HSCT 104 (4.1) 0 8 (14.3) >0.99 96 (3.9) 0.821
Median CCI score (IQR) 2 (0-3) 2.5 (2.25-2.75) 4 (2-6) 0.447 2 (0-4) 0.387
No. days before index patient 1(0-2) 1.5 (1.25-1.75) 1(0-2) >0.99 1(0-2) NA
treatment, median (IQR)
Laboratory tests
Blood leukocyte count 244 (11.2) 0 12 (22.2) >0.99 232 (10.9) 0.710
>15,000/pL
Median CRP, mg/L (IQR) 3.9 (0.6-34.7) 53.3 (44-62.6) 42.9 (16.3-93.2) 0.794 4.8 (0.7-40.4) 0.209
Mean albumin, g/dL (SD) 3.05 (0.54) 3.15 (0.35) 3.10 (0.55) 0.890 2.96 (0.55) NA
Clinical conditions
lleostomy 29 (1.2) 0 1(1.8) >0.99 28 (1.1) NA
Enteral tube insertion 325 (12.9) 2 (100.0) 21 (37.5) >0.99 302 (12.3) 0.201
No. contact cases§ 3,620 2 124 3,494
Group 11 909 (25.1) 1 (50.0) 43 (34.7) >0.99 865 (24.7) 0.516
Room sharing# 181 (19.9) 0 11 (25.6) >0.99 170 (19.7) NA
Contact during diarrhea 316 (34.8) 0 13 (30.2) >0.99 303 (35.0) NA
episode*™
Group 21t 421 (11.6) 0 11 (8.9) >0.99 410 (11.7) NA
Group 31t 2,290 (63.3) 1 (50.0) 70 (56.5) >0.99 2,219 (63.5) NA
Median contact time, min 4,320 (131.5— 7,976.5 (4,044.75— 4,320 (133.25- 0.465 4,320 (132—- NA
(IQR) 8,640) 11,908.25) 10,080.0) 8,640)
No. deaths 162 (6.4) 0 11 (19.6) >0.99 151 (6.1) NA

*Values are no. (%) except as indicated. CCI, Charlson comorbidity index; CDI, Clostridioides difficile infection; COPD, chronic obstructive pulmonary

disease; CRP, C-reactive protein; CVA, cerebrovascular accident; HSCT, hematopoietic stem cell transplantation; IBD, inflammatory bowel disease; IQR,
interquartile range; NA, not applicable.

TA univariate logistic regression was used to compute p values, comparing secondary transmission with nonsecondary transmission.

1A generalized linear mixed model was used to compute p values after adjusting for variables exhibiting statistical significance in the univariate analysis;
the model was used to elucidate the odds of subsequent CDI occurrence. The odds ratios and 95% Cls for each variable are shown in Appendix 1 Table
2 (https://wwwnc.cdc.gov/ElD/article/30/5/23-1588-App1.pdf).

§Because 744 patients experienced >2 episodes of contact with separate index patients, a disparity emerged between the number of contact cases and
the number of contact patients.

Group 1 included patients who had direct contact with index patients.

#Co-hospitalization in the same bedroom with the index patient for >24 hours.

**Contact with index patient who had diarrhea.

t1Group 2 included patients who had indirect contact with index patients via healthcare personnel.

$1Group 3 included patients who had indirect contact with index patients via the environment.
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Table 2. Patients manifesting secondary transmission in study identifying contact time required for secondary transmission of
Clostridioides difficile infections by using real-time locating system conducted in South Korea*

Patient Reason for Contact during Contact

age, y CCl score hospitalization Ribotype diarrhea episodet  time, min Contact typet Indwelling devices

81 3 Pneumonia RTO018 No 113 Group 1 Enteral tube, pleural
effusion drainage

83 2 Pneumonia RT018 NA 15,840 Group 3 Enteral tube

*CCl, Charlson comorbidity index; NA, not applicable; RT018, ribotype 018.
tContact history during manifestation of diarrhea in the index patient.

$Group 1 included patients who had direct contact with index patients. Group 3 included patients who had indirect contact with index patients via the

environment.

Contact Tracing with Real-Time Locating System

The hospital used RTLS sensors designed to detect
signals within a 2-meter radius in bedrooms and with-
in a 10-meter radius in open spaces throughout the
facility. Hospital staff and inpatients were required to
always wear the RTLS tags. The tags emitted signals
every 1-3 seconds, confirming the presence of the
person in a specific room. The distance between per-
sons was calculated through a tag-to-tag signal inter-
action. When 2 persons were at a particular distance
from each other, the contact time between them was
counted, enabling data collection for the cumulative
contact time between the 2 persons.

Statistical Analysis

We used a generalized linear mixed model and a logit
link function to model CDI occurrence. The fixed effects
in the model encompassed various factors, including
age, prior hospitalization, recent antimicrobial use, the
elapsed time before treatment of the CDI index patient,
comorbidities (diabetes mellitus, chronic obstructive
pulmonary disease, congestive heart failure, hyper-
tension, chronic kidney disease, malignancy, inflam-
matory bowel disease, cerebrovascular accident, and
hematopoietic stem cell transplantation), Charlson co-
morbidity index scores, categorized leukocyte counts,
serum levels of C-reactive protein and albumin, pres-
ence of ileostomy, insertion of enteral tube, and con-
tact type. In addition, the model incorporated random
intercepts for time and an unstructured covariance
matrix. For the generalized linear mixed model, only
variables demonstrating an effect on CDI occurrence
were selected as fixed effects from baseline data. We
conducted a univariate logistic regression to determine
the influence of each variable on secondary transmis-
sion within the group that developed subsequent CDI.
For analysis of categorical variables, we used frequen-
cies and percentages for descriptions; for continuous
variables, we used means and SDs. We performed sta-
tistical analyses and created graphs by using both SPSS
Statistics 26.0 (IBM Corp, https:/ /www.ibm.com) and
R version 4.2.2 (The R Project for Statistical Comput-
ing, https:/ /www.r-project.org). We conducted all sta-
tistical tests with a significance level set at 0.05.

Results

Patient Characteristics

Adherence to wearing the RTLS tags was 91.3% (in-
terquartile range 90.5%-92.6%) during the study. We
identified 4,196 contact cases for 26 index patients,
of which 490 were excluded because of short follow-
up periods and 86 were excluded because of a lack
of laboratory results, despite a history of diarrhea.
A disparity emerged between the number of contact
cases and number of contact patients because 744
contact patients experienced >2 episodes of contact
with separate index patients. Consequently, we de-
fined instances of contact as contact cases and per-
sons who experienced contact episodes as patients.
Among the remaining 3,620 contact cases (compris-
ing 2,520 patients), 2,587 (71.5%) cases were followed
up for >30 days. The number of contact cases attrib-
uted to direct contact was 909/3,620 (25.1%); 2,711
contact cases resulted from indirect contact occur-
ring either through healthcare personnel (421/3,620
[11.6%]) or through environmental exposure
(2,290/3,620 [63.3%]) (Appendix 1 Figure 1). Within
the subset of 909 direct contact cases, 181 (19.9%)
instances involved patients who shared a bedroom
with an index patient for >24 hours; 728 (80.1%) con-
tact cases involved diverse encounters, such as dur-
ing radiologic exams, rehabilitation, physiotherapy,
or brief encounters occurring within the confines of
the same bedroom. Furthermore, 316 (34.8%) direct
contact cases were identified when the index pa-
tients exhibited symptoms of diarrhea, whereas 593
(65.2%) contact cases were identified during an index
patient’s asymptomatic phase (Table 1).

The mean age (+SD) of the 2,520 contact patients
was 60.37 (+19.76) years; 53.3% (1,343) were men
and 46.7% (1,177) women. We identified a history
of hospitalization in 15.1% and recent antimicrobial
use in 66.9% of all contact patients. Among contact
patients, 4.1% (104) received hematopoietic stem
cell transplantation, whereas 25.4% (640) had a his-
tory of malignancies. Only 1 patient with a history
of inflammatory bowel disease was included in the
study. All index patients underwent treatment for
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CDI, which was initiated ~1 day after identifying the
infection. The median contact time was 4,320 (inter-
quartile range 131.5-8,640) minutes. Among the 2,520
patients that had follow-up, CDI was diagnosed in 58
patients. Recent antimicrobial use was greater (96.4 %)
for patients with a subsequent CDI diagnosis than for
those without a subsequent CDI diagnosis (66.2%; p
= 0.047) (Table 1; Appendix 1 Table 2). We identified
ribotypes of C. difficile isolates from index patients
and from contact patients who had a subsequent CDI
diagnosis (Appendix 1 Figure 2). Ribotype 014/016
had the highest (23.1%) prevalence, whereas ribotype
018 had a lower (8.9%) prevalence than previously
described (16).

Identifying Secondary Transmission of

C. difficile Infection

Of 126 contact cases involving 58 patients with a sub-
sequent CDI diagnosis, 13 contact cases (11 patients)
had the same C. difficile ribotype as their index patient.
Two patients had secondary transmission of C. diffi-
cile; each was associated with a distinct index patient.
One secondary transmission occurred through direct
contact, whereas the other occurred via exposure to
environmental sources (2 of 3,620 cases; 0.05% inci-
dence rate). The mean age of patients with secondary
transmission (81.50 +2.12 years) was greater than that
of patients with nonsecondary transmission (73.38
+11.58 years; p<0.001) (Table 1).

The patient who had secondary C. difficile trans-
mission through direct contact with an index patient
did not cohabit in the same room. The contact dura-
tion was 113 minutes and occurred during the as-
ymptomatic phase of the index patient. The patient
with indirect environmental contact was hospitalized
36 days after discharge of the index patient; the con-
tact time was 11 days (Table 2). Neither patient had
a hospitalization history; however, they both had a
history of recent antimicrobial use and insertion of an
enteral tube. Ribotype 018 was associated with both
instances of secondary transmission (Tables 1, 2). We
defined the secondary transmission rate as the ratio
of the cumulative number of secondary transmissions
to the total number of contact cases per unit of con-
tact time (Appendix 1 Figure 3). The rapid decrease
in transmission rate after the initial surge (1 of 948
cases; 0.001% at 113 minutes), followed by a plateau
was attributed to the brief contact time necessary for
secondary transmission (Appendix 1 Figure 3).

Discussion

Our findings demonstrate a low contribution of pa-
tient contact to CDI transmission. However, we found
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that a low level of direct contact time was required for
secondary transmission of CDI. In-hospital transmis-
sion rates observed in previous studies have varied
according to the surveillance methods used (17-19).
Most studies have focused on finding the sources of
hospital-acquired CDI, which has led to analyses of
only confirmed cases, and susceptible patients at risk
of contracting the infection have not been extensive-
ly evaluated. A precise rate estimation can be made
by using the correct choice of susceptible patients in
the denominator. In this study, the transmission rate
estimations were made by using RTLS. The compre-
hensive detection capability of RTLS in contact trac-
ing was exemplified by the substantial percentage
of contact cases identified beyond shared bedrooms
(Table 1). The overall CDI transmission rate (0.05%)
observed in this study was lower than that identified
in a prospective study conducted at a tertiary hospital
in Switzerland (17). That study used stringent stan-
dard precautions instead of patient isolation, and the
subsequent secondary transmission was investigated
among patients who had contact with CDI patients.
The number of secondary transmission cases in that
study, even without including cases of asymptomatic
transmission, was comparable to the number in our
study. Nevertheless, RTLS identified both direct and
indirect contact cases, which have been previously
overlooked. In addition, contact cases in our study
were distinguished from contact patients; some pa-
tients had multiple episodes of contact, mirroring
real-world dynamics.

The duration of person-to-person contact re-
quired for CDI transmission in our study was as brief
as 113 minutes. Infection dose of C. difficile is known to
be low in a laboratory setting, but those results have
not yet been supported in vivo (20,21). This study in-
vestigated the association between contact time and
secondary transmission of CDI. A low contact time
required for CDI transmission might help explain
the absence of differences in CDI incidence rates for
genetically related and genetically distant strains,
despite the use of contact precautions, as previously
described (18). Short infection periods for multiple C.
difficile spreaders have been reported, emphasizing
that organism density is more crucial for transmitting
the disease than longer contact time (22). Patients can
spread spores, which can be taken up by susceptible
patients within hours, depending on organism den-
sity. Therefore, once a patient starts showing symp-
toms, intervention would be considered delayed.
Furthermore, multiple CDI cases identified in this
study were categorized as asymptomatic transmis-
sion, which is a subject of concern (4,6,23). Because of
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adherence to augmented standard precautions in our
hospital throughout the study period and consider-
ing the role of indirect contact through environmental
CDI transmission (24), it might be more pragmatic to
adopt exhaustive standard preventive measures rath-
er than opting for contact isolation of symptomatic
patients with CDI. A comprehensive strategy should
encompass additional preventive measures, such as
careful excrement management and environmental
decontamination.

The overall incidence of CDI in the study insti-
tution was ~19.6 cases/10,000 patient-days in 2021,
signifying a notable increase compared with 5.9
cases/ 10,000 patient-days reported in tertiary hospi-
tals within South Korea during 2020-2021 (25). This
study was conducted in an environment marked by
substantial transitions from long-term care facili-
ties, resulting in a high incidence of imported cases,
which contributed to the elevated overall incidence
rate. Despite the high CDI incidence in this study
compared with previous research, the effect of sec-
ondary transmission via direct or indirect contact on
CDI incidence was found to be low. Consequently,
factors contributing to disease occurrence that are
distinct from CDI patient contact warrant investi-
gation. Previous studies have highlighted the sig-
nificance of prudent antimicrobial use to diminish
spontaneous sporulation of toxigenic C. difficile (26-
30). Therefore, this precautionary measure should
be prioritized, particularly in a setting where a high
percentage of patients might experience dysbiosis
because of immobility.

The first limitation of our study is that we could
have underestimated the secondary transmission
rate by not accounting for asymptomatic carriers
who could potentially harbor Clostridioides spores.
However, the optimal timing for collecting rectal
swab samples to detect secondary transmission in
low-risk patients remains uncertain (31). Therefore,
the best approach for ascertaining the secondary
transmission rate involves estimation of identified
symptomatic patients. Second, RTLS serves as a sur-
rogate metric for contact identification; however,
RTLS performance evaluation was precluded in this
study because of challenges in identifying a suitable
counterpart. Nevertheless, RTLS is characterized by
its high sensitivity (32) and proves advantageous for
investigating CDIs when the mode of transmission
remains incompletely elucidated (5,18). Our find-
ings retain importance by revealing only 2 instances
of secondary transmission after a comprehensive in-
vestigation. Third, this study was conducted in an
environment where highly contagious strains, such
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as ribotype 027 and ribotype 018, were infrequent-
ly identified. Of note, both instances of secondary
transmission observed in this study were linked to
ribotype 018, which is well known for its multidrug
resistance and transmission capabilities (33,34). We
acknowledge that different study outcomes might
vary according to the predominant ribotypes, em-
phasizing the importance of incorporating ribo-
typing results in outbreak investigations. Fourth,
the timely identification of CDI cases by following
hospital policy and immediate treatment of CDI-
confirmed patients could have contributed to the
low transmission incidence observed in this study.
We recommend exercising caution in extrapolating
our results to other environments.

In conclusion, our study showed a low inci-
dence of secondary CDI transmission within a short
period of direct contact. Thus, our findings support
prioritizing the comprehensive use of standard pre-
ventive measures in healthcare facilities, including
environmental decontamination, as a more viable ap-
proach to prevent C. difficile infection than relying on
symptom-based contact isolation of patients in non-
outbreak settings.

Raw data supporting the conclusions of this study are
included in Appendix 2 (https://wwwnc.cde.gov/EID/
article/30/5/23-1588-App2.xIsx).

Acknowledgments

We thank the medical illustration and design team within
the Medical Research Support Services for their excellent
support for illustrations, all of the nursing staff as well as
the physicians for their support of this project, and all of
the patients who participated in this study.

This study was supported by a faculty research grant
from Yonsei University College of Medicine (grant no.
6-2022-0088).

About the Author

Dr. Kim is as an assistant professor at Hallym University
College of Medicine in South Korea. Her research interests
focus on infection control and prevention.

References

1. Sahrmann JM, Olsen MA, Stwalley D, Yu H, Dubberke ER.
Costs attributable to Clostridioides difficile infection based
on the setting of onset. Clin Infect Dis. 2023;76:809-15.
https:/ /doi.org/10.1093 / cid / ciac841

2. Lessa FC, Mu Y, Bamberg WM, Beldavs ZG, Dumyati GK,
Dunn JR, et al. Burden of Clostridium difficile infection
in the United States. N Engl ] Med. 2015;372:825-34.
https:/ /doi.org/10.1056/ NEJMo0a1408913

913



RESEARCH

10.

11.

12.

13.

14.

15.

16.

17.

914

Guh AY, Mu Y, Winston LG, Johnston H, Olson D,

Farley MM, et al.; Emerging Infections Program
Clostridioides difficile Infection Working Group. Trends in
U.S. burden of Clostridioides difficile infection and outcomes.
N Engl ] Med. 2020;382:1320-30. https:/ /doi.org/10.1056/
NEJMoa1910215

Durovic A, Widmer AF, Tschudin-Sutter S. New insights

into transmission of Clostridium difficile infection —narrative
review. Clin Microbiol Infect. 2018;24:483-92. https:/ /doi.org/
10.1016/j.cmi.2018.01.027

ZhouY, Zhou W, Xiao T, Chen Y, Lv T, Wang Y, et al.
Comparative genomic and transmission analysis of
Clostridioides difficile between environmental, animal, and
clinical sources in China. Emerg Microbes Infect. 2021;
10:2244-55. https:/ / doi.org/10.1080/22221751. 2021.2005453
Durham DP, Olsen MA, Dubberke ER, Galvani AP,
Townsend JP. Quantifying transmission of Clostridium difficile
within and outside healthcare settings. Emerg Infect Dis.
2016;22:608-16. https:/ /doi.org/10.3201/ eid2204.150455
Her M. Repurposing and reshaping of hospitals dur-

ing the COVID-19 outbreak in South Korea. One Health.
2020;10:100137. https:/ /doi.org/10.1016/j.onehlt.2020.100137
Jeong H, Hyun J, Lee YK. Epidemiological characteristics of
carbapenemase-producing Enterobacteriaceae outbreaks in
the Republic of Korea between 2017 and 2022. Osong Public
Health Res Perspect. 2023;14:312-20. https:/ / doi.org/
10.24171/j.phrp.2023.0069

Patel B, Vilendrer S, Kling SMR, Brown I, Ribeira R,
Eisenberg M, et al. Using a real-time locating system to
evaluate the impact of telemedicine in an emergency
department during COVID-19: observational study. ] Med
Internet Res. 2021;23:29240. https:/ /doi.org/10.2196 /29240
Ho HJ, Zhang ZX, Huang Z, Aung AH, Lim W-Y,

Chow A. Use of a real-time locating system for contact
tracing of health care workers during the COVID-19
pandemic at an infectious disease center in Singapore:
validation study. ] Med Internet Res. 2020;22:e19437.

https:/ /doi.org/10.2196/19437

Huang Z, Guo H, Lee Y-M, Ho EC, Ang H, Chow A.
Performance of digital contact tracing tools for COVID-19
response in Singapore: cross-sectional study. JMIR Mhealth
Uhealth. 2020;8:€23148. https:/ /doi.org/10.2196/23148
Camacho-Cogollo JE, Bonet I, ladanza E. RFID technology in
health care. In: ladanza E, editor. Clinical engineering hand-
book, 2nd ed. London: Elsevier/ Academic Press;

2020. p. 33-41.

Overmann KM, Wu DTY, Xu CT, Bindhu SS, Barrick L.
Real-time locating systems to improve healthcare delivery: a
systematic review. ] Am Med Inform Assoc. 2021;28:1308-17.
https://doi.org/10.1093/jamia/ ocab026

O’Neill GL, Ogunsola FT, Brazier JS, Duerden BI.
Modification of a PCR ribotyping method for application as
a routine typing scheme for Clostridium difficile. Anaerobe.
1996,2:205-9. https:/ /doi.org/10.1006/anae.1996.0028
Stubbs SL, Brazier ]S, O’Neill GL, Duerden BI. PCR

targeted to the 165-23S rRNA gene intergenic spacer region
of Clostridium difficile and construction of a library consisting
of 116 different PCR ribotypes. ] Clin Microbiol. 1999;37:461-
3. https:/ /doi.org/10.1128/JCM.37.2.461-463.1999

Byun J-H, Kim H, Kim JL, Kim D, Jeong SH, Shin JH, et al.

A nationwide study of molecular epidemiology and
antimicrobial susceptibility of Clostridioides difficile in South
Korea. Anaerobe. 2019;60:102106. https://doi.org/10.1016/
j-anaerobe.2019.102106

Widmer AF, Frei R, Erb S, Stranden A, Kuijper EJ,

Knetsch CW, et al. Transmissibility of Clostridium difficile

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

without contact isolation: results from a prospective
observational study with 451 patients. Clin Infect Dis.
2017;64:393-400. https:/ /doi.org/10.1093/cid/ ciw758

Eyre DW, Cule ML, Wilson D], Griffiths D, Vaughan A,
O’Connor L, et al. Diverse sources of C. difficile infection
identified on whole-genome sequencing. N Engl ] Med.
2013;369:1195-205. https:/ /doi.org/10.1056/ NEJMoa1216064
Barbut F, Gariazzo B, Bonné L, Lalande V, Burghoffer B,
Luiuz R, et al. Clinical features of Clostridium difficile-
associated infections and molecular characterization of
strains: results of a retrospective study, 2000-2004.

Infect Control Hosp Epidemiol. 2007;28:131-9.
https://doi.org/10.1086/511794

Otter JA, French GL. Survival of nosocomial bacteria and
spores on surfaces and inactivation by hydrogen peroxide
vapor. ] Clin Microbiol. 2009;47:205-7. https:/ /doi.org/
10.1128/JCM.02004-08

Humphreys PN. Testing standards for sporicides.

J Hosp Infect. 2011;77:193-8. https:/ /doi.org/10.1016/
jjhin.2010.08.011

Kumar N, Miyajima F, He M, Roberts P, Swale A, Ellison L,
et al. Genome-based infection tracking reveals dynamics of
Clostridium difficile transmission and disease recurrence. Clin
Infect Dis. 2016;62:746-52. https:/ /doi.org/10.1093/cid/
civ1031

Curry SR, Muto CA, Schlackman JL, Pasculle AW, Shutt KA,
Marsh JW, et al. Use of multilocus variable number of
tandem repeats analysis genotyping to determine the role

of asymptomatic carriers in Clostridium difficile transmission.
Clin Infect Dis. 2013;57:1094-102. https:/ / doi.org/10.1093/
cid/citd75

McFarland LV, Mulligan ME, Kwok RY, Stamm WE.
Nosocomial acquisition of Clostridium difficile infection.

N Engl ] Med. 1989;320:204-10. https:/ /doi.org/10.1056/
NEJM198901263200402

Kim S-H, Wi YM. Current strategy and perspective view for
preventing Clostridioides difficile infection in acute care
facilities. Korean ] Healthc Assoc Infect Control Prev.
2021;26:70-82. https:/ / doi.org/10.14192/ kjicp.2021.26.2.70
Shim JK, Johnson S, Samore MH, Bliss DZ, Gerding DN.
Primary symptomless colonisation by Clostridium difficile
and decreased risk of subsequent diarrhoea. Lancet. 1998;
351:633-6. https:/ /doi.org/10.1016 /S0140-6736(97)08062-8
Chang JY, Antonopoulos DA, Kalra A, Tonelli A,

Khalife WT, Schmidt TM, et al. Decreased diversity of the
fecal microbiome in recurrent Clostridium difficile-associated
diarrhea. J Infect Dis. 2008;197:435-8. https:/ /doi.org/
10.1086/525047

Johnson S. Recurrent Clostridium difficile infection: a review of
risk factors, treatments, and outcomes. J Infect. 2009;58:403-
10. https:/ /doi.org/10.1016/].jinf.2009.03.010

Starr JM, Campbell A, Renshaw E, Poxton IR, Gibson GJ.
Spatio-temporal stochastic modelling of Clostridium difficile.
J Hosp Infect. 2009;71:49-56. https:/ / doi.org/10.1016/
jjhin.2008.09.013

Kyne L, Warny M, Qamar A, Kelly CP. Association between
antibody response to toxin A and protection against
recurrent Clostridium difficile diarrhoea. Lancet. 2001;357:189-
93. https:/ /doi.org/10.1016/S0140-6736(00)03592-3

Jazmati N, Kirpal E, Piepenbrock E, Stelzer Y,

Vehreschild MJGT, Seifert H. Evaluation of the use of rectal
swabs for laboratory diagnosis of Clostridium difficile infection.
J Clin Microbiol. 2018;56:e00426-18. https:/ /doi.org/
10.1128/JCM.00426-18

Koenig KR, Pasupathy KS, Hellmich TR, Hawthorne HJ,
Karalius VP, Sir M, et al. Measuring sensitivity and precision

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 30, No. 5, May 2024



33.

34.

of real-time location systems (RTLS): definition, protocol and
demonstration for clinical relevance. ] Med Syst. 2021;45:15.
https:/ /doi.org/10.1007/s10916-020-01606-6

Spigaglia P, Barbanti F, Dionisi AM, Mastrantonio P.
Clostridium difficile isolates resistant to fluoroquinolones

in Italy: emergence of PCR ribotype 018. ] Clin Microbiol.
2010;48:2892-6. https:/ /doi.org/10.1128 /JCM.02482-09
Baldan R, Trovato A, Bianchini V, Biancardi A, Cichero P,
Mazzotti M, et al. Clostridium difficile PCR ribotype 018, a

Secondary Transmission of Clostridioides difficile

successful epidemic genotype. ] Clin Microbiol. 2015;53:2575-
80. https:/ /doi.org/10.1128 /JCM.00533-15

Multicenter Retrospective Study of
Invasive Fusariosis in Intensive Care
Units, France

Salmonella Vitkin Outbreak
Associated with Bearded Dragons,
Canada and United States, 20-2022

Parechovirus A Circulation and Test-
ing Capacities in Europe, 2015-2021

Prevalence of SARS-CoV-2 Infection
among Children and Adults in 15 US
Communities, 2021

Rapid Detection of Ceftazidime/
Avibactam Susceptibility/Resistance
in Enterobacterales by Rapid CAZ/AVI
NP Test

Public Health Impact of Paxlovid as
Treatment for COVID-19,
United States

Impact of Meningococcal ACWY Vac-
cination Program during 2017-18 Epi-
demic, Western Australia, Australia

Piscichuviruses-Associated Severe
Meningoencephalomyelitis in Aquatic
Turtles, United States, 2009-2021

Multiple Introductions of Yersinia
pestis during Urban Pneumonic
Plague Epidemic, Madagascar, 2017

Evolution and Spread of Clade
2.3.4.4b Highly Pathogenic Avian
Influenza A (H5N1) Virus in Wild
Birds, South Korea, 2022-2023

Zika Virus Reinfection by Genome
Diversity and Antibody Response
Analysis, Brazil

February 2024
Vectors

e Residual Immunity from Smallpox
Vaccination and Possible Protection
from Mpox, China

e Inferring Incidence of Unreported
SARS-CoV-2 Infections Using
Seroprevalence of Open Reading
Frame 8 Antigen, Hong Kong

¢ Rebound of Gonorrhea after Lifting
of COVID-19 Preventive Measures,
England

e Adapting COVID-19 Contact Tracing
Protocols to Accommodate
Resource Constraints, Philadelphia,
Pennsylvania, USA, 2021

e Power Law for Estimating Under-
detection of Foodborne Disease
Outbreaks, United States

e Tick-Borne Encephalitis, Lombardy,
Italy

Address for correspondence: Heejung Kim, Department of
Laboratory Medicine, Yongin Severance Hospital, Yonsei
University School of Medicine, 363 Dongbaekjukjeon-daero,
Giheung-gu, Yongin-si, Gyeonggi-do 16995, South Korea;
email: hjkim12@yuhs.ac

e Critically Ill Patients with Visceral
Nocardia Infection, France and
Belgium, 2004-2023

¢ Confirmed Autochthonous Case
of Human Alveolar Echinococcosis,
Italy, 2023

e Experimental SARS-CoV-2 Infection of
Elk and Mule Deer

e |dentification of Large Adenovirus
Infection Outbreak at University by
Multipathogen Testing, South
Carolina, USA, 2022

e Emerging Enterovirus A71
Subgenogroup B5 Causing Severe
Hand, Foot, and Mouth Disease,
Vietnam, 2023

e Obstetric and Neonatal Invasive
Meningococcal Disease Caused
by Neisseria meningitidis Serogroup
W, Western Australia, Australia

e Using Insurance Claims Data to
Estimate Blastomycosis Incidence,
Vermont, USA, 2011-2020

e Introduction and Spread of Dengue
Virus 3, Florida, USA, May 2022—
April 2023

e Borrelia turicatae from Ticks in
Peridomestic Setting, Camayeca,
Mexico

¢ Phylogenomics of Dengue Virus Iso-
lates Causing Dengue Outbreak, Sdo
Tomé and Principe, 2022

« Severe Infective Endocarditis Caused
by Bartonella rochalimae

EMERGING
INFECTIOUS DISEASES

To revisit the February 2024 issue, go to:

https://wwwnc.cdc.gov/eid/articles/issue/30/2/table-of-contents

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

915



RESEARCH

Mpox Diagnosis,

Behavioral Risk

Modification, and Vaccination
Uptake among Gay, Bisexual, and
Other Men Who Have Sex with Men,
United Kingdom, 2022

Dana Ogaz, Qudsia Enayat, Jack R.G. Brown, Dawn Phillips, Ruth Wilkie,
Danielle Jayes, David Reid, Gwenda Hughes, Catherine H. Mercer, John Saunders,
Hamish Mohammed; UK Health Security Agency Sexual Health Liaison Group’

During the 2022 multicountry mpox outbreak, the United
Kingdom identified cases beginning in May. UK cases
increased in June, peaked in July, then rapidly declined
after September 2022. Public health responses included
community-supported messaging and targeted mpox vac-
cination among eligible gay, bisexual, and other men who
have sex with men (GBMSM). Using data from an online
survey of GBMSM during November—December 2022,
we examined self-reported mpox diagnoses, behavioral
risk modification, and mpox vaccination offer and uptake.

On July 23, 2022, the World Health Organization
(WHO) declared a Public Health Emergency of
International Concern for the global mpox (formerly
known as monkeypox) outbreak (I). By late March
2023, more than 85,000 confirmed mpox cases had
been reported across 110 countries (2). Monkeypox
virus, the cause of mpox, can be transmitted through
close, personal contact with an infected person, in-
cluding during sex (1). The mpox outbreak that began
in 2022 was international, predominantly transmitted
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Among 1,333 participants, only 35 (2.6%) ever tested
mpox-positive, but 707 (53%) reported behavior modifica-
tion to avoid mpox. Among vaccine-eligible GBMSM, up-
take was 69% (95% Cl 65%—72%; 601/875) and was 92%
(95% CI 89%—94%; 601/655) among those offered vac-
cine. GBMSM self-identifying as bisexual, reporting lower
educational qualifications, or identifying as unemployed
were less likely to be vaccinated. Equitable offer and pro-
vision of mpox vaccine are needed to minimize the risk
for future outbreaks and mpox-related health inequalities.

through sexual networks, and disproportionately af-
fected gay, bisexual, and other men who have sex
with men (GBMSM) (1,3-6).

Mpox was detected in the United Kingdom in
May 2022, but community transmission was estimat-
ed to have started the previous month (3,5). UK case
numbers peaked in July 2022 and reached >3,500 cases
across the country by the end of 2022. The UK Health
Security Agency (UKHSA) enacted measures to curb
rising incidence, including raising public health
awareness, advising a 21-day self-isolation period for
persons with an mpox diagnosis, undertaking com-
prehensive contact-tracing of recent close sexual con-
tacts, and recommending a targeted vaccination cam-
paign using the modified vaccinia Ankara vaccine
(7). UKHSA closely worked with community-based
organizations to inform public health messaging to
raise awareness and reduce the risk for mpox (8-10).
An expert consensus panel that included UKHSA and
national and community sexual health organizations

"Members of this group are listed at the end of this article.
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estimated that 111,000 persons would be eligible for
mpox vaccination in the United Kingdom, including
103,000 GBMSM and 8,000 healthcare and outreach
workers (11). The vaccination campaign began in
June 2022 and provided 70,837 first doses and 31,827
second doses by the end of May 2023 (12). UK case
numbers rapidly subsided by the end of September
2022, and few cases were reported in 2023 (13).

Vaccine delivery was initially targeted to sexual
health services (SHS) in London because 69% of cases
through September 2022 were among residents of the
city (11). National guidance recommended GBMSM
at highest risk for mpox could be identified among
persons seeking care at SHS by using similar mark-
ers of risk used to identify persons eligible for HIV
preexposure prophylaxis (PrEP), irrespective of HIV
status (7,14). Vaccine eligibility criteria included a his-
tory of multiple recent sexual partners, group sex, or
attending sex-on-premises venues, or a diagnosis of a
bacterial sexually transmitted infection (STI). Initial-
ly, first doses were offered to eligible SHS clients as a
subcutaneous injection (7,15). Later, fractional dosing
via intradermal administration also was pilot tested
and rolled out to maximize the coverage of the avail-
able vaccine supply (16). Observational, real-world
studies reported 78%-86% vaccine effectiveness in
preventing symptomatic mpox (17,18).

In response to the UK mpox outbreak, UKHSA
rapidly deployed the Reducing inequalities in Sexual
Health (RiiSH)-Mpox survey during November 24-
December 19, 2022. RiiSH-Mpox was designed to as-
sess the effects of the mpox outbreak on the health,
well-being, sexual behavior, and SHS use among a
community sample of GBMSM in the United King-
dom. We used RiiSH-Mpox survey data to examine
self-reported mpox diagnosis history, behavioral risk
modification, and uptake of mpox vaccination among
GBMSM in the United Kingdom.

Methods

Data Collection and Study Design

The RiiSH-Mpox survey was adapted from an es-
tablished methodology used to deliver a series of
cross-sectional surveys conducted during 2017 and
later used during periods before and after COVID-19-
related social restrictions in the United Kingdom
(19,20). The RiiSH-Mpox survey included all previ-
ous questions on SHS use and sexual risk behavior
but incorporated a novel module that was developed
with community stakeholders and asked about mpox
diagnosis, vaccination uptake, and behavioral risk
modification in response to the outbreak. The UKHSA
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Research and Ethics Governance Group provided eth-
ics approval for this study (reference no. R&D 524),
and all methods were performed in accordance with
guidelines and regulations set by that group. Online
consent was obtained from all participants, and no in-
centive was offered to participate.

Setting and Sampling

As in previous rounds of RiiSH surveys, RiiSH-
Mpox recruited participants via advertisements
on social networking sites, including Facebook
(https:/ /www .facebook.com), Instagram (https://
www.instagram.com), and Twitter (https://www.
twitter.com), as well as on Grindr (https://www.
grindr.com), a geospatial networking (dating) appli-
cation. The survey was conducted during November
24-December 19, 2022.

Persons included in the analyses were >16 years of
age, UK residents, and self-identifying as men (cisgen-
der or transgender), transgender women, or gender-
diverse persons assigned male at birth. Included
persons also reported having had sex with a cisgen-
der or transgender man or with a gender-diverse per-
son assigned male at birth since November 2021.

Data Analysis

Mpox Testing and Diagnosis History

We calculated the percentage of persons reporting
an mpox diagnosis history (i.e., positive mpox test)
anytime through survey completion and used the
Clopper-Pearson interval to calculate 95% Cls. As a
sensitivity analysis and to quantify potentially undi-
agnosed infections, we calculated the percentage of
persons reporting a diagnosis history, those with self-
perceived mpox in absence of a positive mpox test,
and those with self-reported testing history.

We used the Pearson x? test to assess differences
in sociodemographic, clinical, and behavioral charac-
teristics. Because so few participants had a diagnosis
history, we did not conduct regression analyses.

Mpox Vaccination Uptake

We defined vaccination uptake as receipt of >1 mpox
vaccine doses. We assessed report of vaccine offer
(i.e., “Have you been offered a vaccine for monkey-
pox?”) among participants who reported no vaccine
uptake. We calculated the percentage and 95% CI of
uptake among participants offered an mpox vaccine
and in all participants. We also assessed vaccine will-
ingness for participants reporting they would likely
or definitely take an mpox vaccine if offered and
among participants who were not offered the vaccine.
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Vaccination Uptake among Vaccine Eligible Participants

We examined uptake among participants assumed to
be eligible for mpox vaccination on the basis of equiv-
alent or proxy criteria outlined in national vaccination
guidance (14). Using survey responses, we defined
vaccine eligibility as the report of any of the following
since August 2022: >10 physical male sex partners;
meeting any physical male sex partner at a sex on
premises venue, sex party, or cruising grounds (here-
after, public sex environment [PSE]); a positive STI
test; or, in the past year, report of PrEP use (as a proxy
for persons at higher risk for acquiring mpox) or use
of recreational drugs associated with chemsex (i.e.,
crystal methamphetamine, mephedrone, or gamma-
hydroxybutyrate/ gamma-butyrolactone). As a sensi-
tivity analysis to consider a less conservative measure
of having multiple partnerships, we used a lower
threshold of >5 physical male sex partners since Au-
gust 2022, instead of >10, to define eligibility.

Factors Associated with Mpox Vaccination

We assessed factors associated with mpox vaccina-
tion by using the Pearson x* test and binary logistic
regression. We included sociodemographic variables
that had a significant bivariate association with vac-
cination in multivariable regression models and se-
quentially assessed associations of clinical and be-
havioral characteristics with mpox vaccination. We
selected age group and ethnicity a priori for inclusion
in multivariable modeling. We also conducted a sen-
sitivity analysis to examine sociodemographic factors
associated with mpox vaccination among vaccine-
eligible participants to assess potential uptake in-
equalities among that group.

We used the following sociodemographic charac-
teristics in our analyses: age group, ethnicity, gender,
sexual orientation, country of birth, nation of residence
in the United Kingdom (England, Scotland, Wales,
or Northern Ireland), education level, employment,
household composition (living alone or not), relation-
ship status (single or in a relationship), and report of
a comfortable financial situation from the top 2 quar-
tiles (e.g., a response of “I am comfortable” or “I am
very comfortable” from the question “How would
you best describe your current financial situation?”).
We also used clinical characteristics in our multivari-
able analyses, including HIV status and uptake of >1
vaccine doses for hepatitis A virus (HAV), hepatitis
B virus (HBV), or human papillomavirus (HPV). We
defined behavioral risk modification as the report of
any of the following beginning in May 2022: fewer
sexual partners; reduced visits to sex on premises ven-
ues or PSE; or avoiding any sex, condomless anal sex,
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skin-to-skin contact, or visiting clubs or crowds. Last,
we used the following sexual risk behaviors in our
analyses: number and meeting place of male physical
sex partners since August 2022, a positive STI test since
August 2022, and report of PrEP or recreational drug
use associated with chemsex during the previous year.
Lookback intervals for sexual risk behaviors varied
because the survey aimed to align timeframes used in
prior RiiSH surveys or with timeframes from the start
of the mpox outbreak in May 2022.

Because some subgroups had small participant
numbers, we dichotomized some groups for analyses.
Those groups included ethnicity, which we dichoto-
mized to White and all other ethnic groups (non-
White); gender, which we dichotomized to cisgender
male and all other gender identity groups; and sexual
orientation, which we dichotomized to gay or ho-
mosexual and bisexual, which included participants
identifying as bisexual, straight, or “another way.”

We collected survey data via the Snap Surveys
platform (https://www.snapsurveys.com). We man-
aged data and conducted analyses by using Stata ver-
sion 15.0 (StataCorp LLC, https://www.stata.com).
We considered p<0.05 statistically significant.

Results

Among 1,435 GBMSM that engaged with the Ri-
iSH-Mpox survey, 93% (1,333) met eligibility crite-
ria (Figure). Missing data were limited (<3% item
nonresponse) because most survey questions were
compulsory. Median age among participants was 45
(range 16-78, interquartile range [IQR] 35-55) years
(Table 1; Appendix Table 1, https://wwwnc.cdc.
gov/EID/aticle/30/5/23-0676-Appl.pdf). Most par-
ticipants self-identified as cisgender male (99%), gay
or homosexual (89%), of White ethnicity (92%), resi-
dents of England (86%), and employed (81%). Nearly
half (48%) of participants reported a comfortable fi-
nancial situation, 63% had degree-level qualifications,
and 15% were living with HIV (Appendix Tables 1,
2). Most (58%) participants were recruited from Face-
book, 24% were recruited from Grindr and 15% from
Twitter. Among all participants, 53% (707/1,333)
reported behavioral modification to avoid getting
mpox, most (72% [510/707]) of whom reported re-
ducing the number of physical male sex partners as a
prevention measure (Table 2).

Mpox Diagnosis History

Among all 1,333 participants, 35 (2.6% [95% CI 1.8%-
3.6%]) reported an mpox diagnosis history (i.e., mpox
test positivity) (Table 1; Appendix Table 1, Figure 1).
An additional 17 participants reported self-perceived
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Figure. Flowchart of selection
criteria in a survey of mpox
diagnosis, behavioral risk
modification, and vaccination
uptake among gay, bisexual, and
other men who have sex with
men, United Kingdom, 2022.
*Participants were eligible for
mpox vaccination if they self-
reported any of the following:
meeting recent male physical
sex partners at sex on premises
venues, sex parties, or public
sex environment (i.e., cruising
grounds) since August 2022;
>10 recent male physical sex
partners since August 2022;
recreational drug use associated
with chemsex (e.g., crystal
methamphetamine, mephedrone,
or gamma-hydroxybutyrate/
gamma-butyrolactone) in the past
year; recent positive sexually-
transmitted infection test since
August 2022; or current HIV
preexposure prophylaxis use
since December 2021. RiiSH-
Mpox, Reducing inequalities in
Sexual Health Mpox survey.

mpox, including 3 who were never tested and 14 who
were tested before survey completion, for a total of 52
participants (3.9% [95% CI 2.9%-5.1%]) reporting ei-
ther mpox test positivity or self-perceived mpox (Ap-
pendix Table 3, Figure 1).

Compared with 1,298 participants without an
mpox diagnosis history (i.e., no mpox test positivity),
the 35 participants who had an mpox-positive test
result were more likely to be >35 years of age (91%
vs. 76%; p = 0.031), born outside the United Kingdom
(37% vs. 16%; p = 0.001), in a comfortable financial
situation (66% vs. 48%; p = 0.034), and living with
HIV (37% vs. 15%; p<0.001) (Table 1; Appendix Table
1). Participants with an mpox diagnosis via testing
also reported higher levels of SHS clinic engagement
in the past year, recent STI test positivity, and sexu-
al risk behaviors such as meeting partners at sex on
premises venue, sex party, or PSE (Table 1; Appendix
Table 1). Persons with and without an mpox diagno-
sis history reported similar proportions of outbreak-
related behavior modification since May 2022 (49%
vs. 53%; p = 0.592); those results were similar to find-
ings on the sensitivity analysis (Appendix Table 3).

Mpox Vaccination Uptake among All Participants
More than half (58%, 771/1,333) of participants were of-
fered an mpox vaccination, and 692 received vaccination.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

Vaccination uptake was 52% (95% CI 49%-55%) for all
participants and 90% (95% CI 87%-92%) for those who
were offered a vaccine (Table 3; Appendix Table 2). Of
participants reporting receiving vaccination, only 41%
(288/692) had received a second dose. Of participants
who were offered a vaccine but were not vaccinated,
48% (26/54) reported they decided not to get vaccinated
(Appendix Figure 2). Among all participants who had
not been offered the mpox vaccine, 75% (421/559) were
willing to be vaccinated (Table 3; Appendix Figure 2).

Mpox Vaccination Uptake among

Vaccine-Eligible Participants

Among GBMSM considered vaccine eligible (66%;
n = 875), 75% (n = 655) were offered a vaccine and
601 received vaccination (Table 3; Appendix Table
2, Figure 2). Vaccination uptake was 69% (95% CI
65%-72%) for all eligible participants and 92% (95%
CI 89%-94%) for those who were offered a vaccine.
Second doses were reported by 41% (252/601) of eli-
gible GBMSM vaccinated; 25% (220/875) of eligible
participants were not offered an mpox vaccine, but
77% (168/218) indicated vaccine willingness (Appen-
dix Figure 2). In sensitivity analyses using a lower
threshold for multiple partners (>5) to assume vac-
cine eligibility, we noted a similar level of vaccine up-
take (Appendix Table 5).
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Factors Associated with Vaccination situation. In adjusted models, bisexual men were less
We found evidence of bivariate association with likely to report mpox vaccination (32% vs. 54% of gay
mpox vaccination by age group, sexual orientation, —or homosexual men; adjusted odds ratio [aOR] 0.43,
educational qualifications, employment, and financial 95% CI 0.29-0.62), as were participants with below

Table 1. Sociodemographic and clinical characteristics of participants in a survey of mpox diagnosis, behavioral risk modification, and
vaccination uptake among gay, bisexual, and other men who have sex with men, United Kingdom, 2022*

RiiSH-Mpox Mpox diagnosis history, No mpox diagnosis
Characteristics participants, no. (%) no. (%) history, no. (%) p value
Total 1,333 (100) 35 (100) 1,298 (100)
Recruitment site
Facebook 769 (58) 28 (80) 741 (57)
Grindr 316 (24) 5(14) 311 (24)
Twitter 198 (15) 2 (6) 196 (15)
Instagram 18 (1) 0 18 (1)
Other 32 (2) 0 32 (2) 0.099
Sociodemographic characteristics
Median age, y (range; IQR) 45 (16-78; 35-55) 42 (25-58; 38-47) 45 (16-78; 35-55)
Binary age group, y
<35 319 (24) 3(9) 316 (24)
>35 1,014 (76) 32 (91) 982 (76) 0.031
Gender identity, sex at birth
Cisgender male 1,314 (99) 30 (86) 1,193 (92)
Other gender identity group 19 (1) 0 19 (1) 0.376
Sexual orientation
Gay or homosexual 1,187 (89) 32 (91) 1,155 (89)
Bisexualt 146 (11) 3(9) 143 (11) 0.648
Ethnicity
White 1,223 (92) 45 (87) 1,178 (92)
Non-White 110 (8) 5(14) 105 (8) 0.189
Country of birth
United Kingdom 1,113 (83) 22 (63) 1,091 (84)
Outside the United Kingdom 220 (17) 13 (37) 207 (16) 0.001
Nation of residence
England 1,148 (86) 34 (97) 1,114 (86)
Scotland, Wales, or Northern Ireland 185 (14) 1(3) 184 (14) 0.056
Educational level
Below degree level 495 (37) 7 (20) 488 (38)
Degree level or higher 838 (63) 28 (80) 810 (62) 0.033
Clinical and behavioral characteristics
HIV status
Negative or unknown 1,131 (85) 22 (63) 1,109 (85)
Living with HIV 202 (15) 13 (37) 189 (15) 0.001
STl tested in past year
N 405 (30) 1(3) 404 (31)
Y 928 (70) 34 (97) 894 (69) <0.001
Recreational drug use associated with chemsex in past yeart
N 1,222 (92) 27 (77) 1,195 (92)
Y 111 (8) 8 (23) 103 (8) 0.002
Number of recent male physical sexual partners since August 2022
0 100 (8) 1(3) 99 (8)
1 180 (14) 2 (6) 178 (14)
2-4 389 (29) 9 (26) 380 (29)
5-9 280 (21) 6 (17) 274 (21)
>10 384 (29) 17 (49) 367 (28) 0.094
Met recent male physical sex partners in sex on premises venue, sex party, or PSE since August 2022
N 888 (67) 17 (49) 871 (67)
Y 445 (33) 18 (51) 427 (33) 0.022
Behavior modification to avoid getting mpox since May 2022§
N 626 (47) 18 (51) 608 (47)
Y 707 (53) 17 (49) 690 (53) 0.592

*Participants with self-reported mpox test positivity. Those without mpox test positivity (i.e., no diagnosis history) include those without a known positive
test (n = 67) and those without a test history (n = 1,231). Percentages may not sum to 100 due to rounding. PSE, public sex environment (i.e., cruising

grounds); RiiSH-Mpox, Reducing inequalities in Sexual Health Mpox survey; STI, sexually transmitted infection.

tIncludes those identifying as bisexual, straight, or another orientation.
fIncludes crystal methamphetamine, mephedrone, or gamma-hydroxybutyrate/gamma-butyrolactone.
§Behavior madification includes self-report of any of the following from May 2022: fewer sexual partners, reduced visits to sex on premises venues or

PSE (i.e., cruising grounds), and avoiding: all sex, condomless anal sex, skin-to-skin contact, or visiting clubs or crowds.
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Table 2. Behavior modification measures and other precautions reported among participants in a survey of mpox diagnosis, behavioral
risk modification, and vaccination uptake among gay, bisexual, and other men who have sex with men, United Kingdom, 2022*

% All % Reporting any
No. participants, modification

Behavior modification measuret participants  n=1,333 measures, n = 707
Self-report of >1 behavior modification measure since May 2022 to avoid getting 707 53 100
mpox

I've chosen fewer sexual partners 510 38 72

I've reduced visits to or avoided sex-on-premises venues such as saunas and 351 26 50

backrooms

I've avoided sex 206 15 29

I've reduced visits to or avoided cruising grounds 185 14 26

I've avoided nightclubs or other crowded spaces 138 10 20

I've avoided condomless sex 106 8 15

I've avoided skin-to-skin contact 69 5 10

None of the above behavior modification measures reported 626 47 NA
Other precautions reported since May 2022§

I've asked potential sex partners if they've had a monkeypox vaccination 187 14 NA

I've washed my hands more regularly 129 10 NA

I've asked potential partners if they've had mpox symptoms 124 9 NA

I've asked sexual partners for contact details for contact tracing 22 2 NA

*Behavior modifications were derived from the question, “Since the start of the UK monkeypox outbreak in May 2022, have you done any of the following

in order to avoid getting monkeypox?” NA, not applicable.

TParticipants could select >1 behavioral modification measure listed; responses are not mutually exclusive.
§Shown for information not included as behavioral modification measures in analysis; responses are not mutually exclusive.

degree-level education qualifications (40% vs. 59% in
degree-level or higher; aOR 0.50, 95% CI 0.39-0.63),
and unemployed participants (37% vs. 55% of em-
ployed participants; aOR 0.59, 95% CI 0.43-0.80) (Ap-
pendix Table 2). Participants reporting relationship
status as single were more likely to be vaccinated
(54% vs. 50% of those in a relationship; aOR 1.27,
95% CI 1.01-1.60). We found no evidence of inde-
pendent association to age, but we noted the lowest
levels of vaccination among persons 16-24 years of
age (30% vs. 58% among persons 45-54 years of age;
aOR 0.47, 95% CI 0.25-0.87). Persons 16-24 years of
age comprised only 5% of mpox vaccinated partici-
pants. After adjusting for sociodemographic charac-
teristics, the greatest predictors of mpox vaccination
were reporting a positive STI test since August 2022
(aOR 4.09, 95% CI: 2.69-6.22); having an HAV, HBV,
or HPV vaccination history (aOR 5.27, 95% CI: 3.72-
7.47); reporting a higher (>10 vs. 1) number of physi-
cal sex partners since August 2022 (aOR 7.73, 95% CI
5.06-11.8); and reporting PrEP use since December
2021 (aOR 7.09, 95% Cl 5.49-9.15). Among mpox vac-
cinated GBMSM, 87% (601/692) met proxy mpox vac-
cination eligibility. Participants who met mpox vac-
cination eligibility were 8 times more likely to have
been vaccinated than those who did not meet eligibil-
ity (aOR 8.38, 95% CI 6.35-11.1).

In sensitivity analyses examining sociodemo-
graphic factors associated with mpox vaccination
among vaccine-eligible participants, we found mpox
vaccine uptake was less likely among bisexual than
gay or homosexual men (aOR 0.49, 95% CI 0.30-0.79),
participants with lower educational qualifications

(aOR 0.46, 95% ClI 0.34-0.63), and unemployed (aOR
0.63, 95% CI 0.42-0.95) (Appendix Tables 2, 4). Those
findings were consistent with our analyses of those
groups among all participants.

Discussion
In this large, online survey of GBMSM in the United
Kingdom conducted shortly after the 2022 mpox out-
break began, 53% of participants reported adopting
a risk modification measure, 75% of eligible partici-
pants had been mpox vaccinated, and participants of-
fered a vaccine had very high uptake. Most (87 %) par-
ticipants who were vaccinated met proxy eligibility
criteria. Among all 1,333 participants, vaccine uptake
was associated with higher levels of sexual risk, sug-
gesting fidelity to targeted vaccination set out by na-
tional guidelines during rapid vaccine rollout across
the United Kingdom in June 2022. Demographic and
behavioral characteristics among participants with
mpox-positive tests broadly reflected those described
in enhanced surveillance of confirmed cases under-
taken by UKHSA (11). Among participants who test-
ed mpox-positive, 37% were living with HIV, consis-
tent with high mpox case reporting (21-23), and 58%
vaccine uptake among that group exceeded partici-
pant estimates but was subject to small sample size.
We found UK mpox vaccine uptake was simi-
lar to levels reported in British Columbia among all
(51%) and eligible (66%) transgender persons and
GBMSM at sexual health clinics shortly after vaccina-
tion implementation (24). Although changes to sexual
behavior were reported among GBMSM in the United
Kingdom during COVID-19 restrictions (19,20,25),
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limited evidence on behavioral modification in re-
sponse to the 2022 mpox outbreak is available. Our
findings support other evidence of behavioral modi-
fication among GBMSM during the mpox outbreak;
UK surveillance data show a concurrent, but tempo-
rary, decline in lymphogranuloma venereum and Shi-
gella species, infections that primarily circulate in the
dense, interconnected sexual networks that are also
associated with monkeypox transmission (11,26).

In our study, participants with lower educational
qualifications and those without employment reported
lower vaccine uptake, differences that we also found
in sensitivity analyses restricted to vaccine-eligible
participants. Those findings mirrored COVID-19 vac-
cine uptake inequalities identified in the previous Ri-
iSH survey; during that survey period (December
2021), COVID-19 vaccination was widely accessible
in the United Kingdom (27). We found bisexual and
straight-identifying participants also were less likely
to report mpox vaccination, consistent with findings
in a smaller cross-sectional study exploring mpox vac-
cination uptake (24). The effects and epidemiology of
mpox in bisexual and heterosexual-identifying MSM
are unknown. However, a previous systematic review
reported lower SHS engagement despite high sexual
risk among heterosexual-identifying men who have
sex with men (28), suggesting a need for tailored vacci-
nation promotion efforts for those groups during mpox
resurgence or endemicity, or for other STI outbreaks.

National guidance for targeting mpox vaccination
recommended using markers of historical sexual risk
associated with STI and HIV incidence (29,30). Most
mpox vaccinated GBMSM met proxy eligibility crite-
ria; however, 31% of those considered vaccine eligible
did not report mpox vaccination, most (220/274) of
whom did not receive a vaccine offer. That finding

could reflect SHS access barriers because only 38% of
vaccine-eligible participants who were not offered a
vaccine had visited an SHS since August 2022. How-
ever, that group might have less regular engagement
with SHS (31,32). Vaccine provision and service-level
constraints resulting from increased mpox infection
control measures and service reconfigurations that
included online triage could have limited face-to-face
vaccine offers and subsequent uptake (33,34).

To ensure respondent anonymity, the survey did
not collect any data that would indicate the region of
participant residence; vaccination offer and uptake
might have been lower in regions of England that
did not experience large outbreaks or where local ser-
vices did not provide vaccination. Participant-level
barriers to vaccination, such as low perceived mpox
risk, might also have limited vaccine uptake among
eligible participants, especially when mpox incidence
fell sharply across the United Kingdom after the July
2022 peak.

Only 41% of mpox-vaccinated participants re-
ported having received a second dose by the survey
period, despite availability beginning in September
2022; that finding is similar to uptake reported na-
tionally through May 2023 (12). Further exploration
of low vaccine course completion is needed, especial-
ly because little data exist on the length of protection
conferred by a single mpox vaccine dose or complete
vaccination (35). Although rapid, first-dose vaccina-
tion was recommended for outbreak control after
favorable efficacy studies (17), since September 2022,
UKHSA and the Joint Committee on Vaccination and
Immunization have recommended 2 mpox vaccine
doses for eligible groups (15,36,37).

The RiiSH-Mpox survey was part of a series of
repeat, cross-sectional surveys that use consistent

Table 3. Mpox vaccine offer and uptake among participants in a survey of mpox diagnosis, behavioral risk modification, and vaccination
uptake among gay, bisexual, and other men who have sex with men, United Kingdom, 2022*

Mpox vaccine offered and vaccinated, no. (%)

Mpox vaccination uptake, % (95% CI)

Total offered Offered, Offered, not  Not offered, not Among those offered All
Eligibility group vaccine vaccinated vaccinated vaccinated vaccinet participantst
Eligible, n = 875 655 (75) 601 (69) 54 (6)§ 220 (25)1 92 (89-94) 69 (65-72)
Not eligible, n = 458 116 (25) 91 (20) 25 (5) 342 (75) 78 (70-86) 20 (16-24)
All participants, n = 1,333 771 (58) 692 (52) 79 (6)# 562 (42)** 90 (88-92) 52 (49-55)

*Participants were eligible for mpox vaccination if they self-reported any of the following: meeting recent male physical sex partners at sex on premises
venues, sex parties, or public sex environment (i.e., cruising grounds) since August 2022; >10 recent male physical sex partners since August 2022;
recreational drug use associated with chemsex in the past year; recent positive STI test since August 2022; or current HIV PrEP use since December
2021. Percentages may not total 100 due to rounding. PrEP, pre-exposure prophylaxis; SHS, sexual health service, STI, sexually transmitted infection.
tPercentage (%) reporting uptake of >1 mpox vaccine dose among those offered an mpox vaccine [(a/(a+b)) x 100%].

FPercentage (%) reporting uptake of >1 mpox vaccine dose among all groups [(a/(a+b+c)) x 100%].

§Among participants who were eligible for mpox vaccine eligible and offered a vaccine, but not vaccinated (n = 54), 28 (52%) were waiting to get

vaccinated, 26 (48%) decided not to get vaccinated.

TAmong those eligible and not offered, 38% (83/220) had visited an SHS since August 2022 and 57% (126/220) had visited an SHS in the past year.
#Among all participants offered an mpox vaccine, but not vaccinated (n = 79), 42 (53%) were waiting to get vaccinated, 37 (47%) decided not to get

vaccinated.

**Among participants not offered an mpox vaccine, 20% (111/562) had visited an SHS since August 2022 and 32% (182/562) had visited an SHS in the

past year.
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methodology and provide key behavioral insights to
supplement routine national surveillance data for ST1Is
and HIV. This study provides a timely examination of
mpox in a community sample of GBMSM and contex-
tualizes interpretation of the trends in the UK mpox
outbreak. However, because of its cross-sectional de-
sign, our study is subject to key limitations. First, we
cannot determine the time of vaccination in relation
to most reported sexual risk behaviors comprising eli-
gibility. Moreover, given the report of behavioral risk
modification resulting from the mpox outbreak, vac-
cine eligibility could be underestimated, and behavior
could have changed after vaccine uptake. Second, al-
though observational studies of GBMSM in the Unit-
ed Kingdom and other high-income countries have
reported a high mpox vaccine willingness (38-40),
uptake estimates might be subject to sampling and
social desirability bias and primarily representative of
GBMSM using social media or Grindr. Third, informa-
tion about survey impressions and click-through rates
were not available, limiting insight into survey reach
and engagement. Fourth, given higher educational at-
tainment and employment, RiiSH-Mpox participants
might represent a more health-literate sample relative
to national probability survey estimates in GBMSM
(41). Prior RiiSH cross-sectional samples reported
near universal uptake of complete COVID-19 vacci-
nation (27). Thus, although RiiSH-Mpox participants
might not be representative of all GBMSM in the Unit-
ed Kingdom, our study sample likely represents key
groups targeted for mpox vaccination and vaccina-
tion for other sexually transmissible pathogens, such
as hepatitis A. Finally, small subgroup sizes across
ethnicity and gender identity indicators limit assess-
ment of inequalities in vaccine uptake.

Although high vaccine uptake in eligible GBMSM
and adoption of risk modification measures likely
led to the reduction of mpox incidence in the United
Kingdom in July 2022, the degree of contribution of
each measure is unknown. Before and during the re-
active vaccine program, timely vaccine resource in-
formation distributed and amplified by community-
based organizations for GBMSM and other at-risk
groups likely contributed to the sharp drop in mpox
incidence by the end of 2022 (9,42). Vaccination im-
plementation across freely accessible and confidential
SHS systems across the United Kingdom might have
contributed to high uptake.

In conclusion, the use of key behavioral proxies
guided mpox vaccination eligibility for GBMSM and
aided vaccination implementation for those at risk for
mpox in the United Kingdom. Future targeted vac-
cination rollout should consider rapid, yet equitable
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provision strategies and engage underserved popu-
lations via local outreach and community groups to
maximize outreach and vaccine uptake and minimize
mpox-related stigma (43). Uptake barriers for groups
already described to have unmet sexual health needs,
such as sexual minority groups and persons with
lower social and financial capital (19), must be un-
derstood to minimize exacerbation of vaccine uptake
inequalities. Moreover, because SHS reconfigurations
continue, often led by online service expansion, effec-
tive vaccination offer and provision strategies for per-
sons using online SHS warrant exploration. Optimiz-
ing SHS and outreach-led mpox vaccine offer, as part
of a package of preventive interventions for persons
with unmet needs, should be considered to maximize
the benefit of each sexual health contact. To reduce the
likelihood of future mpox outbreaks, given threats of
resurgence, provision of first mpox vaccine doses and
completion of the vaccination course among those re-
ceiving a first dose must be urgently prioritized.

This article was preprinted at https://doi.org/10.1101/
2023.05.11.23289797
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Analysis of Suspected Measles
Cases with Discrepant Measles-

Specific IgM and rRT-PCR
Test Results, Japan

Yumani Kuba,' Minoru Nidaira, Noriyuki Maeshiro, Katsuhiro Komase, Hajime Kamiya, Hisako Kyan

We investigated clinically suspected measles cases that
had discrepant real-time reverse transcription PCR (rRT-
PCR) and measles-specific IgM test results to determine
diagnoses. We performed rRT-PCR and measles-specific
IgM testing on samples from 541 suspected measles
cases. Of the 24 IgM-positive and rRT-PCR-negative
cases, 20 were among children who received a measles-
containing vaccine within the previous 6 months; most
had low IgG relative avidity indexes (RAIs). The other 4
cases were among adults who had an unknown previous
measles history, unknown vaccination status, and high
RAls. We detected viral nucleic acid for viruses other
than measles in 15 (62.5%) of the 24 cases with discrep-
ant rRT-PCR and IgM test results. Measles vaccination,
measles history, and contact history should be consid-
ered in suspected measles cases with discrepant rRT-
PCR and IgM test results. If in doubt, measles IgG avidity
and PCR testing for other febrile exanthematous viruses
can help confirm or refute the diagnosis.

easles is a highly contagious febrile exanthema-
tous disease caused by the measles virus. The
measles virus spreads via airborne and droplet trans-
mission and can cause severe complications, such as
pneumonia, acute encephalitis, and sometimes death
(1). Vaccination with 2 doses of measles-containing
vaccine (MCV) is the best way to protect against mea-
sles virus infection and achieving and maintaining a
high level of immunity in a population can prevent
the spread of the virus (2).
In March 2015, the World Health Organization
Western Pacific Regional Office verified Japan as a
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country having achieved measles elimination (3).
However, although measles frequency has decreased
since the achievement of elimination (4), outbreaks
initiated by measles-susceptible persons traveling to
or from measles-endemic countries still occur (5-7).
Therefore, enhanced measles surveillance has been
ongoing in Japan since achieving elimination status.

Samples from clinically suspected measles cas-
es are required to undergo laboratory testing. Al-
though ELISA detection of specific measles virus
IgM in serum is the standard diagnostic method
for measles (8), detection of measles virus RNA in
clinical specimens via real-time reverse transcrip-
tion PCR (rRT-PCR) is considered the most reliable
diagnostic test during the first few days after rash
onset (9). In Japan, recommendations call for tak-
ing 3 specimens (throat swab, and blood and urine
samples) from patients with clinically suspected
measles and performing rRT-PCR testing to detect
measles viral RNA in addition to measles-specific
IgM testing (10). Samples collected from 3 days be-
fore the onset of the fever or rash symptoms to 1
week after the onset of the rash are appropriate for
rRT-PCR testing (10).

In Okinawa Prefecture, Japan, no confirmed
measles case had been reported since 2014, then a
prefecture-wide measles outbreak occurred during
March-May 2018 (7). Samples were collected from all
persons suspected of having measles and were sub-
jected rRT-PCR and IgM testing at the Okinawa Pre-
fectural Institute of Environment and Health (OPIEH).
For most cases, laboratory testing confirmed the diag-
nosis, but for some cases, rRT-PCR and IgM test re-
sults were inconsistent, IgM-positive and rRT-PCR-
negative results. Because the public health response

'Current affiliation: Center for Emergency Preparedness and
Response, National Institute of Infectious Diseases, Tokyo, Japan
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differs depending on whether measlesis confirmed, we
conducted additional laboratory testing in conjunc-
tion with collecting additional patient epidemiologic
information to make an accurate diagnosis of measles
in cases with discrepant IgM and rRT-PCR results.

Material and Methods

All specimens collected from persons with suspect-
ed measles in Okinawa during the 2018 outbreak un-
derwent rRT-PCR testing to confirm the diagnosis.
IgM testing was also performed for all cases with
serum samples. If the specimen collection period
was appropriate, the rRT-PCR-positive result was
defined as a confirmed measles case regardless of
the measles-specific IgM test result. An rRT-PCR-
negative and IgM-negative or IgM-equivocal result
was also defined as a non-measles case. For cases
with rRT-PCR-negative and IgM-positive results,
we could not determine a diagnosis because of the
inconsistency of the 2 test results. For those cases, we
collected demographic information, including vac-
cination and exposure histories, to evaluate the test
discrepancies. Furthermore, we conducted measles
IgG avidity testing by using serum samples and an
rRT-PCR or conventional PCR by using throat swab,
serum, and urine samples to detect other viruses
that cause fever and exanthemata. We chose target
viruses that cause febrile exanthematous illnesses
and can cause cross-reactions with the measles-
specific IgM tests on the basis of reports from pre-
vious studies (11). Target viruses included rubella
virus, human herpesvirus 6 (HHV-6), human her-
pesvirus 7 (HHV-7), parvovirus B19 (B19), Epstein-
Barr virus (EBV), cytomegalovirus (CMV), human
parechovirus (HPeV), enterovirus, and adenovirus.
This study was approved by the ethics committee of
the Okinawa Prefectural Institute of Health and En-
vironment (approval no. 694-2).

Data Collection

Under the Infectious Disease Control Law in Japan
(12), all 6 public health centers in Okinawa Prefec-
ture are required to collect information on suspected
measles cases, including demographic characteristics,
symptoms, onset date, vaccination history, and out-
comes. Those data were sent to the OPIEH and used
for the analysis.

Specimen Collection and Pretreatment

Physicians collected throat swab, whole blood, and
urine samples from persons with suspected measles
and local public health center staff delivered sam-
ples to the OPIEH under refrigerated conditions.
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OPIEH performed measles-specific rRT-PCR testing
by extracting viral nucleic acid from 140 pL of each
specimen by using the QIAmp Viral RNA Mini Kit
(QIAGEN, https:/ /www.qiagen.com). Staff isolated
serum from blood and tested serum for measles-
specific IgM and IgG and by using IgG avidity tests.

Measles-Specific rRT-PCR

We performed rRT-PCR as reported previously (7).
We used MVN1139F (5'-TGGCATCTGAACTCGG-
TATCAC-3") and MVN1213R (5'-TGTCCTCAGTAG-
TATGCATTGCAA-3') primers and an MVNP1163P
probe (5-FAM-CCGAGGATGCAAGGCTTGTTTCA-
GA-TAMRA-3") targeting the nucleocapsid (N) gene
of measles virus (13).

Measles-Specific IgM

We tested serum samples for measles-specific IgM
by using the Measles IgM-EIA (Denka Seiken, Ltd.,
https:/ /denka-seiken.com), an IgM capture assay.
We interpreted test results in accordance with the
manufacturer’s definition: positive, >1.2 relative unit
(RU); equivocal, 0.8-1.2 RU; and negative, <0.8 RU.

Measles-Specific IgG and IgG Avidity Tests

We used the Anti-Measles Virus ELISA (IgG) (EURO-
IMMUN, https://www.euroimmun.com) to detect
measles-specific IgG. We interpreted results in accor-
dance with the manufacturer’s definitions: positive,
>275 1U/L; borderline, >200 to <275 IU/L; and nega-
tive, <200 IU/L.

We measured measles-specific IgG avidity by us-
ing the Anti-Measles Virus IgG Avidity ELISA Kit
(EUROIMMUN). We calculated the relative avidity
index (RAI) for each sample according to the manu-
facturer’s instructions: RAI <40% indicated low avid-
ity antibodies, RAI 40%-60% equivocal, and RAI
>60% indicated high avidity antibodies. IgG avidity
test results can help distinguish recent primary infec-
tion, characterized by a low RAI, from past infection,
characterized by a high RAI (14,15).

Febrile Exanthematous Virus Detection

For rRT-PCR-negative but IgM-positive samples,
we extracted viral nucleic acid and used PCR and
rRT-PCR to test for 9 different viruses: rubella virus,
HHV-6, HHV-7, B19, EBV, CMV, HPeV, enterovirus,
and adenovirus (16-24). Those viruses are known
to cause febrile exanthemata and to cross-react with
measles-specific IgM (11). Previous reports showing
that the QIAmp VIral RNA Mini Kit (QIAGEN) ef-
fectively isolates viral DNA (25,26). Thus, we used
that kit to extract viral nucleic acid for detecting DNA
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and RNA viruses using various primers and probes
(Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/30/5/23-1757-Appl.pdf). We used Ex Taq
DNA Polymerase (TaKaRa Bio, Inc., http://www.ta-
kara-bio.com) for PCR testing to detect EBV and CMV
under the following conditions: 10 minutes at 95°C,
followed by 10 cycles for 30 seconds at 95°C, 30 sec-
onds at 70-61°C with a 1°C decrease in temperature
per cycle, and 1 minute at 72°C, followed by 35 cycles
for 30 seconds at 95°C, 30 seconds at 60°C, and 30
seconds at 60°C. Finally, we performed an additional
extension step for 5 minutes at 72°C. We performed
the PCR test to detect adenovirus under the follow-
ing conditions: 3 min at 94°C, followed by 40 cycles
for 30 seconds at 94°C, 60 seconds at 50°C, 2 minutes
at 72°C, and 5 minutes at 72°C. We performed the
rRT-PCR test by using 4 x TagMan Fast Virus 1-step
Master Mix (Thermo Fisher Scientific, https:/ /www.
thermofisher.com) under the following conditions: 5
minutes at 50°C, 20 seconds at 95°C, followed by 40
cycles of 15 seconds at 95°C and 1 minute at 60°C. We
validated the sensitivity of the test by confirming that
serially diluted virus-positive control RNA or DNA
was detectable up to =5-50 copies per reaction. We
included a negative control (no viral genome) and a
positive control (viral RNA or DNA) in each test.

928

Results

We conducted rRT-PCR testing on samples from 578
persons with suspected measles, of which samples
from 541 (93.6%) persons also underwent serologic
testing (Figure 1). Of those 541 suspected cases, 93
(17.2%) were diagnosed as measles on the basis of
rRT-PCR using specimens collected within 7 days of
symptom onset. Among the other 448 (82.8%) speci-
mens, 424 were collected during the appropriate
period and were classified as non-measles cases on
the basis of rRT-PCR and IgM test results. However,
24 of the 448 rRT-PCR-negative cases tested posi-
tive for measles-specific IgM, resulting in discrepant
rRT-PCR and IgM test results (Figure 1). For those
24 cases, we collected vaccination history and epide-
miologic information, such as history of contact with
confirmed cases or viral transmission to others, to
support the diagnosis. Furthermore, we performed
additional measles IgG, IgG avidity, and detection
of other febrile exanthematous viruses to support
the diagnoses.

We collected characteristics of the 24 patients
with discrepant laboratory test results (Table 1). Of
those patients, 19 (79.2%) were infants <1 year of age,
1 (4.2%) was child 4 years of age, and 4 (16.7%) were
adults >20 years of age. All 20 children had a history

Figure 1. Flow diagram for
analysis of suspected measles
cases with discrepant measles-
specific IgM and rRT-PCR test
results, Japan. AdV, adenovirus;
B19, parvovirus B19; CMV,
cytomegalovirus; EBV, Epstein-
Barr virus; EV, enterovirus; HHV-
6, human herpesvirus 6; HHV-7,
human herpesvirus 7; HPeV,
human parechovirus; rRT-PCR,
real-time reverse transcription
PCR; RV, rubella virus; + positive,
—, negative; +, equivocal.
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of receiving a dose of MCV within 6 months before
specimen collection, and 17 (85%) were vaccinated
within 60 days before specimen collection. The vacci-
nation histories of the 4 adult patients were unknown.
Of note, 12 infants 6-11 months of age received MCV
because the Okinawa prefectural government made
infants in that age range eligible for MCV vaccination
as an emergency response to measles outbreak (7).
None of the patients with inconsistent test results had
epidemiologic links to laboratory-confirmed measles
cases. Moreover, we observed no secondary measles
cases associated with those cases. Specimens were
collected within 10 days after the fever onset, and the
median measles-specific IgM result was 2.32 (range
1.23-6.83) RU (Table 2).

We measured measles-specific IgG titer and con-
ducted measles IgG avidity testing on samples from
the 24 persons with measles-specific IgM-positive
and rRT-PCR-negative results. We used results from
those tests to distinguish between a recent primary
infection and previous contact with either wild-type
measles virus or vaccination as the cause of positive
measles-specific IgM results. Among the 20 children,
16 had positive measles-specific IgG results (range
396.7 to >5,000 IU/L). The 4 (cases 1, 2, 5, and 9)
children who had negative measles-specific IgG
results had their first MCV vaccination within 2
weeks before specimen collection (Table 2). Al-
though all 4 adult cases had positive measles-specific
IgG results, a 45-year-old patient (case 24) had a rel-
atively low IgG titer (518.7 IU/L) compared with the
other 3 adults (>4,000 IU/L) who were all in their
20s (Table 2).

Among the 20 children, 17 had a low RAI, and 3
children (cases 18-20) had equivocal or high RAls. The
median interval from vaccination to specimen collection
was 25 (range 4-136) days. The RAIs of the 20 children
who had received 1 dose of MCV vaccine correlated
with the number of days since vaccination (R = 0.6877)
and tended to increase over time after vaccination (Ap-
pendix Figure 1). All 4 adult cases had high RAIs.

We detected viral nucleic acid other than measles
virus in 15 cases, 13 in children and 2 in adults. Virus-
es detected from the children’s samples were HHV-6
(n=28), CMV (n =7), HPeV (n = 3), and EBV (n =1).
Among the adults, HHV-7 was identified in throat
swab samples, and B19 was identified in a throat swab
and serum sample. Multiple pathogens were detected
in samples from 4 children and 1 adult. We noted no
difference in the distribution of measles-specific IgM
values between cases with and without viruses other
than the measles virus detected (p = 0.318 by Mann-
Whitney U test) (Figure 2).
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Table 1. Characteristics of 24 suspected measles cases with
discrepant measles-specific IgM and rRT-PCR test results, Japan*

Characteristics Value
Sex
M 13 (54.2)
F 11 (45.8)
Age
6-11 mo 12 (50.0)
1y 7(29.2)
4y 1(4.2)
>19y 4 (16.7)
Fever, temperature >37.5°Ct 20 (83.3)
Rash 23 (95.8)
No. doses of measles vaccinet
1 20 (83.3)
2 0 (0)
Unknown§ 4 (16.7)
Median time from vaccination to specimen 25 (4-136)
collection, d (range)
Time from illness onset to specimen collection, d
Median (range) 3 (0-10)
<4 14 (58.3)
>4 10 (41.7)
No epidemiologic link to confirmed measles case 24 (100)

*Values are no. (%) except as indicated. rRT-PCR, real-time reverse
transcription PCR.

1The other 4 cases also had reported fever, but details of body
temperature were unknown.

FIn Japan, the measles-rubella vaccine is used for routine vaccination and
has the following schedule: first dose at 1 year of age, second dose at 5-7
years of age. During the 2018 measles outbreak in Okinawa, Japan, 12
infants 6-11 months of age were vaccinated as part of the outbreak
response before routine vaccination.

§Four adult cases had no details of vaccination history. Among those
cases, 1 patient recalled receiving 2 doses of the measles vaccine but did
not have a vaccination record.

Discussion

Even after the declaration of measles elimination
in 2015, measles outbreaks initiated by imported
measles cases have occurred in Japan (5-7). Thus,
accurate diagnosis of measles and continuous sur-
veillance are required to maintain measles elimina-
tion status. In Japan, both the rRT-PCR and ELISA
measles-specific IgM tests are recommended to con-
firm measles (27). Although rRT-PCR is the most
reliable test to diagnose measles, its optimal time
for specimen collection is limited to within 7 days
after the symptom onset. Furthermore, measles-like
symptoms can be caused by other viruses, such as
rubella virus, B19, HHV-6, enterovirus, adenovi-
rus, dengue fever, coxsackievirus, and several bac-
terial and rickettsia diseases (11,28). Consequently,
unless a patient has had close contact with a con-
firmed measles case or measles is prevalent in the
community, physicians might find it difficult to
suspect measles only on the basis of symptoms and
specimen collection at the optimal period could
easily be missed. Therefore, a measles-specific ELI-
SA IgM test is required to complement the short
window for accurate diagnosis by rRT-PCR. The
ELISA IgM test has a longer appropriate specimen
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collection period and is the reference standard for con- Results of rRT-PCR and ELISA measles-specific
firmation and surveillance of measles worldwide (§).  IgM usually agree, but diagnosis can be difficult for

Table 2. Characteristics and laboratory results for 24 suspected measles cases with discrepant measles-specific IgM and rRT-PCR
test results, Japan*

Time to Other febrile
specimen exanthematous viruses
No. collection, d detected on PCR
measles After Measles
Case Age/ vaccine Fever, After  fever lgM/ % RAIl,  Throat virus
no. sex doses °C Rash vaccine onset IgGt avidityt swab  Serum Urine Results§ infection
1 6 mo/M 1 395 Y 4 3 1.37/ND ND,L HHV-6 HHV-6 ND CX N
or MCV
2 1y/F 1 40.0 Y 6 0 1.56/ND ND, L CmMvV ND ND CX N
or MCV
3 1y/M 1 40.0 Y 18 2 4.71/ 16.6,L HHV-6 HHV-6 ND MCV N
984.9
4 4ylF 1 + N 26 1 1.78/ 359, L EBV, ND CMV MCV N
2,286 HHV-6,
CmMvV
5 10 1 37.9 Y 11 1 1.74/ 396, L CMV ND CMV CX N
mo/M 149.2 or MCV
6 9 mo/M 1 38.0 Y 16 0 3.96/ 21.7,L  HHV-6, ND ND MCV N
1,200 CMV
7 11 1 Y Y 21 1 6.83/ 246, L CMV ND CMV MCV N
mo/F 1,242
8 6 mo/M 1 38.7 Y 16 0 5.54/ 15.6, L CMV  HHV-6, HPeV, MCV N
1,224 CMV CMV
9 7 mo/F 1 39.0 Y 12 2 2.74/ 17.3,L ND ND ND MCV N
14.4
10 9 mo/M 1 38.3 Y 24 0 2.53/ 14.0, L ND ND ND MCV N
1,037
11 7 mo/M 1 38.2 Y 42 0 2.50/ 17.5,L ND HPeV ND MCV N
2,112
12 11 1 39.1 Y 58 1 2.39/ 18.4,L ND ND ND MCV N
mo/M 1,033
13 1y/F 1 39.3 Y a7 6 1.23/ 27.9,L ND CMV CMV MCV N
1,606
14 7 mo/F 1 38.0 Y 25 4 2.15/ 12.3,L ND ND ND MCV N
396.7
15 6 mo/F 1 38.9 Y 18 10 4.56/ 17.8,L ND ND ND MCV N
1,118
16 1y/M 1 Y Y 33 5 1.42/ 28.1,L HHV-6, HHV-6 ND MCV N
1,047 HPeV
17 10 1 39.4 Y 41 4 1.37/ 255,L HHV-6 HHV-6 HHV-6 MCV N
mo/F 4,440
18 1y/M 1 40.4 Y 61 6 3.82/ 479, E ND ND ND MCV N
1,825
19 1vy/F 1 39.0 Y 88 3 1.45/ 50.6, E ND ND ND MCV N
>5,000
20 1y/F 1 40.6 Y 136 10 2.25/ 76.1,H ND HHV-6 ND MCV or N
2,076 CX
21 24 yIF Unk 38.8 Y Unk 2 2.55/ 79.7,H HHV-7 ND ND Rl or Y orN
>5,000 CX
22 21 y/M 2 38.0 Y Unk 5 2.05/ 88.4, H ND ND ND RI Y
>5,000
23 29 yIM Unk Y Y Unk 5 3.89/ 91.7,H ND ND ND RI Y
4,228
24 45 y/IM Unk 39.1 Y Unk 5 1.29/ 91.0,H HHV-7, B19 ND Rl or Y orN
518.7 B19 CX

*B19, human parvovirus B19; CMV, cytomegalovirus; CX, cross-reaction; E, equivocal; EBV, Epstein-Barr virus; H, high; HHV-6, human herpesvirus 6;
HHV-7, human herpesvirus 7; HPeV, human parechovirus; L, low; MCV, measles-containing vaccine; ND, not detected; RAI, relative avidity index; RI,
reinfection; Unk, unknown.

TIgM values indicate RU; IgG values indicate 1U/L.

$lgG avidity test results can help distinguish recent primary infection (characterized by a low RAI) from past infection (characterized by a high RAI). RAI
<40% indicated low-avidity antibodies, RAI 40%—60% equivocal, and RAI >60% indicated high-avidity antibodies.

8§MCYV indicates that an increased IgM titer might be influenced by vaccination with a measles-containing vaccine; CX indicates a cross-reaction of a
febrile exanthematous virus infection other than the measles virus, respectively.
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discrepant results, especially in cases of rRT-PCR-
negative and IgM-positive results. We analyzed
samples from 24 patients with suspected measles
whose samples previously tested rRT-PCR-negative
and IgM-positive during a 2018 outbreak in Oki-
nawa Prefecture, Japan. To understand the cause of
the discrepancy, we performed 2 additional tests on
those patient samples, IgG avidity test and detection
of viral nucleic acid other than measles virus.

Measles-specific IgG avidity test results can
provide useful information to distinguish between
a recent infection or recent MCV vaccination, which
are characterized by a low RAI, and past infection
or past MCV vaccination, which are characterized
by a high RAI (15,29). Among 20 suspected cases
in children, 17 had low RAIs and 3 children (cases
18-20) showed equivocal or high RAIs. All 4 adult
cases had high RAls. The cases with low RAIs can
be explained by recent MCV vaccination. Our re-
sults showed that in children who had received
1 dose of MCV, the RAI was correlated with the
number of days after vaccination, consistent with
results of a previous study (15). Suspected cases in
children with equivocal or high RAIs had longer in-
tervals between vaccination and sample collection
compared with cases with low RAIs. One of the
children (case 20) who had the longest interval
between vaccination and sample collection tested
positive for HHV-6 in a serum sample. Therefore,
false-positive measles IgM could have been relat-
ed to either an earlier MCV or an HHV-6 infection
causing cross-reactivity, and we concluded that a
measles infection was highly unlikely.

Four children (cases 1, 2, 5, and 9) had low RAIs
and low measles-specific IgG antibody levels (<275
IU/L). All the samples from those cases were collect-
ed within 2 weeks after vaccination with MCV, which
is before the body had time to produce a robust an-
tibody response. We detected other viral pathogens
in some specimens. In those cases, cross-reactivity
with other viruses could have caused a false-positive
measles IgM result. Although we could not establish
the exact cause of the low RAIs with low IgG, those
results ruled out a diagnosis of measles.

Four adult cases (cases 21-24) had high IgG titers
and high RAIs shortly after the onset of the disease.
Those results match previous studies that confirmed
measles cases with either vaccination or natural infec-
tion show a low or undetectable IgM titer, a high RAI,
and a high IgG titer in the early period after illness
onset (30). Among the 4 adult cases, we detected fe-
brile exanthematous viruses other than measles from
the acute phase specimens of 2 cases (cases 21 and 24).

Suspected Measles with Discrepant Test Results

Figure 2. Measles-specific antibody titers and febrile
exanthematous viral gene detection results in an analysis of
suspected measles cases with discrepant measles-specific IgM
and rRT-PCR test results, Japan. Figure represents 24 cases with
measles-specific IgM-positive and rRT-PCR—negative results.
White circles represent cases in children <1 year to 4 years of
age with >1 doses of measles-containing vaccine; black circles
represent cases in adults with unknown vaccination history. CMV,
cytomegalovirus; HHV-6, human herpesvirus 6; HHV-7, human
herpesvirus 7; HPeV, human parechovirus; multiple, multiple
pathogens were detected; ND, not detected.

The subtle increase of measles IgM titer for those cas-
es was possibly caused by a cross-reaction with other
viruses rather than measles infection. Completely
ruling out measles on the basis of results of avidity
testing and tests for other pathogens is difficult when
the measles vaccination and previous measles disease
history are unknown. Therefore, when in doubt, clini-
cians should treat indeterminate cases as positive in
terms of the public health response.
Vaccine-associated measles cases can be de-
tected using rRT-PCR if symptoms occur within 2
weeks after vaccination and specimens are collected
within 7 days from symptom onset (7). One limita-
tion of this study is that rRT-PCR possibly did not
detect the vaccine strain because most children with
an elevated measles-specific IgM titer had not re-
ceived MCV within the past 2 weeks. However, even
though the vaccine strain was not detected, taking
the RAI result and immunization date information
into consideration, we can infer that the symptoms
were caused by the vaccine strain. Another limita-
tion of this study is that we only conducted nucleic
acid testing for a few viral pathogens that cause fe-
brile exanthemata; thus, the symptoms might have
been attributable to other viruses or bacteria that
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cause similar symptoms. Next-generation sequenc-
ing could help to identify the causal pathogen of fe-
brile exanthemata. In addition, results of this study
indicate a complete measles diagnosis would require
additional testing, such as paired IgG and neutral-
izing antibody tests. However, collecting convales-
cent serum samples and conducting neutralizing
antibody tests would require more time and would
not be suitable when rapid determination of measles
cases is needed in an outbreak setting. Therefore, we
measured IgG levels as part of the avidity test in-
stead of performing paired IgG testing.

During outbreaks, field staff are extremely busy
investigating the source of infection and close con-
tacts. Accurately identifying measles cases is vital for
arapid and accurate outbreak response and maintain-
ing measles elimination status in Japan. Therefore, for
suspected measles cases, collecting specimens at the
appropriate time and collecting accurate vaccination
and past infection history are crucial. When a defini-
tive diagnosis still cannot be made, conducting IgG
avidity testing and testing for febrile exanthematous
pathogens other than measles virus can help clarify
the diagnosis.

In conclusion, 2 diagnostic tests, rRT-PCR and
measles-specific IgM, are used in Japan to maintain
measles elimination status. Because 2 tests are con-
ducted, test results sometimes differ, making defini-
tive diagnosis difficult. Our results indicate that con-
ducting measles IgG avidity testing and PCR testing
for other febrile exanthematous viruses and collecting
a detailed history of measles vaccination and measles
history can reduce the difficulty of making a final di-
agnosis in most cases with discrepant rRT-PCR and
IgM results.
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Kinetics of Hepatitis E Virus
Infections in Asymptomatic Persons

Ricarda Plumers, Jens Dreier, Cornelius Knabbe, Eike Steinmann, Daniel Todt, Tanja Vollmer

To determine the kinetics of hepatitis E virus (HEV) in as-
ymptomatic persons and to evaluate viral load doubling
time and half-life, we retrospectively tested samples re-
tained from 32 HEV RNA-positive asymptomatic blood
donors in Germany. Close-meshed monitoring of viral
load and seroconversion in intervals of 4 days provided
more information about the kinetics of asymptomatic HEV
infections. We determined that a typical median infection
began with PCR-detectable viremia at 36 days and a
maximum viral load of 2.0 X 10* [lU/mL. Viremia doubled
in 2.4 days and had a half-life of 1.6 days. HEV IgM start-
ed to rise on about day 33 and peaked on day 36; IgG
started to rise on about day 32 and peaked on day 53.
Although HEV IgG titers remained stable, IgM titers be-
came undetectable in 40% of donors. Knowledge of the
dynamics of HEV viremia is useful for assessing the risk
for transfusion-transmitted hepatitis E.

Hepatitis E virus (HEV; family Hepeviridae), is a
single-stranded positive-sense RNA virus with
3 open reading frames (1). Members of the HEV spe-
cies Paslahepevirus balayani have been assigned to 8
genotypes, of which genotypes HEV-1 through HEV-
4 are particularly relevant for human infection (1,2).
Although infections with HEV-1 and HEV-2 are en-
demic to tropical countries and are transmitted by the
oral-fecal route, HEV-3 and HEV-4 are transmitted
zoonotically and infections are mainly found in Eu-
rope, North and South America, and Asia (3).

The dynamics of HEV infections are diverse
among the cases described in the literature, which al-
most exclusively describe progression in symptomat-
ic persons. Knowledge of progression of asymptom-
atic infection is limited, partly because asymptomatic
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infections are normally not detected. However, detec-
tion of HEV infection has increased in recent years,
after analytical testing of blood donations for HEV
became a focus of attention to improve the safety of
blood transfusions. Systematic blood donor screen-
ing offers the possibility of identifying a large num-
ber of asymptomatic cases. Since 2004, transfusion-
transmitted HEV infections have been repeatedly re-
ported and pose a high risk for symptomatic or even
chronic progression, particularly in immunosup-
pressed patients (4-6).

HEYV infections in otherwise healthy persons are
usually asymptomatic and self-limiting (7). However,
according to the World Health Organization, using
estimates from 2015 data, HEV is a leading cause for
acute viral hepatitis in 20 million persons annually,
including 3.3 million with symptomatic cases and
44,000 HEV-related deaths (8). Collecting data on the
progression of viral load over the course of acute in-
fection is difficult. The onset of symptoms coincides
with the peak of viremia, and the first phase of infec-
tion cannot be analyzed (9). In addition, a large pro-
portion of infections are not investigated because of
the absence of symptoms. If HEV infection is identi-
fied by chance, such as during screening as part of
quality assurance of blood products after donation,
the donor is suspended from donation (10). For that
reason, the data on HEV antibody detection are dens-
er, and data on viremia are lacking, especially for per-
sons with asymptomatic infections.

Several factors can be used to consider the course
of infection progression, including the maximum vi-
ral load and when it is reached, depending on the
time of infection or onset of signs/symptoms. Fur-
thermore, the time it takes for the viral load to double
before reaching the maximum load and the half-life
of the viral load after that point can provide informa-
tion about the nature of the infection. Comparable
data have been collected (e.g., for hepatitis A [HAV],
B [HBV], and C [HCV] viruses) from healthy blood
donors or symptomatic patients (11-14).
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An incubation period of 2-9 weeks is assumed
for HEV infections (15). HEV is detectable in blood
samples for ~4 weeks and in fecal samples for 6 weeks
by screening with nucleic acid amplification testing
(NAT) (16). Studies of the serologic status of HEV-
infected rhesus monkeys and patients with acute hepa-
titis E have shown increased HEV IgG and IgM titers
3-4 weeks after HEV RNA detection-based confirma-
tion of infection. Although HEV IgM is detectable for
only a few months, HEV IgG remains for years (17-19).

We performed voluntary HEV RNA NAT of rou-
tinely collected blood donation samples retained over
years and collected before 2019, when HEV screening
of blood products became mandatory (20). Because of
the retrospective nature of the analysis, donors were
not excluded from donating in the interim. In addi-
tion, only a few days elapsed between each donation,
resulting in dense data on viral load progression.
HEV RNA-positive donors underwent serologic sta-
tus follow-up, sometimes over several weeks. The
data from our study provide detailed insight into the
dynamics of HEV infection in asymptomatic persons
as well as evaluation of viral load doubling time and
half-life during the infection in this cohort.

Material and Methods

Blood Donors and HEV RNA screening
We retrospectively screened samples for HEV RNA,
using blood collected for donation before mandatory
HEV NAT screening was initiated. All donors denied
having an acute illness and stated that they had no
known risk factor for a viral infection.

We conducted the screening for HEV RNA in mas-
ter pools of 96 samples (200 pL/donor) by using the
Chemagic viral DNA /RNA reagent kit for RN A extrac-
tion (PerkinElmer Chemagen Technologies, https://
www.revvity.com) and the RealStar HEV-RT-PCR Kit
(Altona Diagnostic Technologies, https:/ /altona-diag-
nostics.com) for amplification (95% limit of detection
[LOD] 4.7 IU/mL, 95% CI 3.6 -7.6 IU/mL; 95% LOD
of 451 IU/mL for a single donation in a 96-sample mini
pool), as described previously (21). Alternatively, we
extracted and amplified HEV RNA by using the Al-
toStar AM16 and the AltoStar HEV RNA RT-PCR Kit
(Altona Diagnostic Technologies) (95% LOD 3.41 IU/
mL, 95% CI 2.28-6.4 IU/mL; 95% LOD of 327 IU/mL
for a single donation in a 96-sample minipool).

We quantified the viral load by using the Al-
toStar HEV RNA RT-PCR Kit on the Biorad CFX96
DeepWell system (Bio-Rad Laboratories, https://
www.bio-rad.com). We quantified the viral load in
reference to internal kit standards, calibrated against
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World Health Organization International Standard
(PEI code 6329/10).

Calculation of Generation Time

Assuming exponential growth, we determined the
doubling times and the half-lives between 2 data
points to be comparable to the calculation of the kinet-
ics of the hepatitis A virus (11), based on the formula

N, corresponds to the viral load at the beginning of
the period, N, to the viral load after the considered
time t, and n to the number of doublings. We used di-
vision to calculate the number of doublings per day.

For each person, we determined and graphically
displayed the median of the virus doubling time and
the half-life. To exclude that the parameters at the be-
ginning and end of phases differ compared with the
core region of the course, we considered 2 intervals
for calculation. The first interval includes the calcu-
lations between all data points (first, last, and peak;
whole course). The second interval includes only the
core region (excluding first, last, and peak; trimmed
course). Considering the doubling time and half-
life, we appended the courses of viral loads from 7
donors, for whom other kinetic data had been previ-
ously published (21).

Serologic Testing
We traced seroconversion of HEV RNA-positive
blood donors, evaluating HEV IgM and IgG titers by
using HEV ELISA Kits (Wantai, https://www.san-
bio.nl) according to manufacturer instructions. We
determined the semiquantitative evaluation of titers
as the signal to cutoff ratio (S/CO).

We visualized the data by using GraphPad Prism
9.0 software (GraphPad Software, https://www.
graphpad.com). All calculations were also performed
by using GraphPad Prism 9.

Results
We analyzed progression of HEV viremia in 32 HEV
RNA-positive persons. On average, there were 4 days
(interquartile range [IQR] 3-7 days) between dona-
tions. Analysis and quantification of the viral load
and determination of the serostatus in all subsequent
samples from the corresponding persons provided
deeper insight into the course of HEV infection in
terms of doubling time and clearance (half-life) of the
virus, as well as seroconversion.

On average, HEV viremia reached maximum
viral load after 22 days (IQR 10-27 days) (Figure 1).
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The highest viral load was detected at the initial posi-
tive donation for 3 persons. Note that the maximum
viral load for those persons was reached before the
measurement period. The longest period until detec-
tion of the maximum was 64 days. An HEV RNA-
negative donation marking the end of the infection
was recorded for 28 donors on day 39 (IQR 25-56
days, total range 9-154 days). The last positive dona-
tion for those donors was at a median of 36 days (IQR
19-49 days, total range 5-83 days) after the first HEV
RNA-positive donation (Figure 1, panel A).

HEV IgM was detected in 28 persons on average
at day 33 (IQR 25-40 days, total range 7-108 days)
initially and reached the maximum S/CO at day 36
(IQR 28-54 days, total range 14-115 days). HEV IgM

detectability disappeared for 13 persons at a median
of 85 days (IQR 59-108 days, total range 42-265 days).
HEV IgG was detected in 31 persons on average at
day 32 (IQR 24-39 days, total range 9-108 days) ini-
tially and reached the maximum S/ CO at day 53 (IQR
32-72 days, total range 17-108 days) (Figure 1, panel
B). For 3 persons, HEV IgM could not be detected at
any time. For 1 person, no seroconversion was detect-
ed because the last donation analyzed corresponded
to day 26 after initial detection of HEV RNA.

Over time, decline of the proportion of RNA
positive-persons and increased proportion of per-
sons positive for HEV IgM and IgG was recorded
as expected. Of note, during the rise of the curves,
the proportions did not differ significantly between

Figure 1. Progression of HEV infection in asymptomatic persons determined from retrospectively tested blood samples, Germany.

A) Days at which the maximum viral load was reached as well as the time points of last HEV RNA—positive and the first HEV RNA-
negative donation. B) Serostatus for HEV IgM and HEV IgG revealing the time points of primary HEV IgM or IgG detection, maximum
ratio signal to cutoff, and loss of detectability of HEV IgM. In panels A and B, data points indicate each person; error bars indicate
medians with interquartile ranges; circles indicate donors who donated HEV-negative blood before first detection of HEV RNA; and
triangles indicate persons who did not donate HEV-negative blood before first detection of HEV RNA. C) percentages of persons who
were positive for the markers HEV RNA, HEV IgM, and HEV IgG. D) Progression curves for the percentages of persons in whom

the maximum of those markers was exceeded, depending on the time since initial HEV RNA detection. HEV, hepatitis E virus; max,

maximum; +, positive; —, negative.
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persons positive for HEV IgM or for HEV IgG, indi-
cating simultaneous production onset of antibodies of
both classes. However, the decline of the percentage
of HEV IgM-positive persons again represents the
loss of IgM titer for some (Figure 1, panel C).

When comparing the proportions of persons for
whom HEV RNA viral load, HEV IgM, and IgG S/
CO maximums were exceeded, we observed that
maximum viral load was reached earlier than maxi-
mum HEV IgM and IgG S/CO. The proportion of
persons for whom maximum HEV IgG S/CO was at-
tained is always lower than the proportion for whom
maximum HEV IgM S/CO was attained during the
observed period, indicating an earlier peak in HEV
IgM than IgG titers (Figure 1, panel D).

In addition to determining the time course of
infection markers, we quantified viral load for sev-
eral follow-up samples to identify the maximum vi-
ral load and development of the viral load during
infection, leading to our analysis of the correlation
between the maximum viral load and duration of
HEV RNA positivity as well as the calculation of the
doubling time and the half-life of the viral load (Fig-
ure 2). The average maximum viral load amounted to
2.0 x10*IU/mL (IQR 2.0 x 10°-1.5 x 10° IU/mL, total
range 2.3 x 10*-1.1 x 10" IU/mL) (Figure 2, panel A).
The overlayed development of the viral load in the
time course for all persons (Figure 2, panel B) dem-
onstrates an approximated exponential increase and
decrease of viral load. Based on these data, plotting
of the maximum viral load against the duration of
the infection showed a weak correlation, with a coef-
ficient of r = 0.5642 at a significance level of p = 0.0018
(Figure 2, panel C).

In addition to the kinetics we observed (n = 32)
and with regard only to the doubling time and half-
life, we included in our calculation data collected
from asymptomatic blood donors published before
(n =7), which have not yet been examined for those
parameters (21). We differentiated between the me-
dian doubling time per person in the whole course
and in the trimmed course (excluding values cor-
responding to the first or last HEV RNA-positive
sample or the maximum viral load). The calculation
in the rising phase of the viral load revealed an av-
erage doubling time of 2.8 days (IQR 2.0-3.3 days,
total range 0.9-5.0 days; n = 33) during the whole
course and of 2.4 days (IQR 1.7-3.7 days, total range
0.6-4.8 days; n = 21) during the trimmed course.
The calculations for the declining phase of the viral
load resulted in an average half-life of 1.8 days (IQR
1.2-2.2 days, total range 0.9-4.4 days; n = 32) during
the whole course and of 1.6 days (IQR 0.8-2.2 days,
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total range 0.7-3.3 days; n = 14) during the trimmed
course (Figure 2, panel D).

Discussion

The course progression of a viral infection is usually
difficult to follow because viremia often proceeds
unobserved before symptom onset. For HEV, a large
proportion of infections are additionally assumed
to be asymptomatic and self-limiting (22), which is
reflected in the discrepancy between the number
of reported cases and the high HEV IgG seropreva-
lence in the general population (23). The introduc-
tion of standard screening of blood donors in some
countries in Europe has enabled early detection of
viremia (10). However, doing so gives rise to a sec-
ond problem with analyzing viral kinetics, because
affected donors are excluded from further donations
for months, so no progression statistics can be ap-
plied. Symptomatic patients are also rarely suitable
for analysis of viremia in the second half of infection
because treatments (e.g., ribavirin) inherently affect
the course progression (24,25).

Because our studied data represent asymp-
tomatic infected persons retrospectively identified
from retained samples stored over years, closely
meshed follow-up samples are available for viral
load, and those data provide a unique opportunity
to gain understanding of kinetics in asymptomatic
blood donors. Blood donations from asymptomatic
donors pose a risk for development of transfusion-
transmitted severe and chronic hepatitis E in im-
munosuppressed patients and recipients of solid
organ transplants (5).

In the overall evaluation of our results, we
mainly discuss median values that were calculated.
It should be noted that infection characteristics dif-
fered greatly among individual donors. In that con-
text, case-control studies might be appropriate for
assessing differences among donors in terms of ki-
netics shift in context with secondary factors (e.g.,
patient age, virus genotype). Of note, to evaluate the
effect of specific mutations on doubling time and
maximum viral load possibly correlating with sever-
ity of infection, as has been shown for hepatitis B
virus infections, our data provide necessary baseline
information for infection courses (14).

Several serologic studies of kinetics during HEV
infection have been published and state detection of
HEV RNA in blood over 4 weeks, which is comparable
to the 36 days (or 5 weeks) of viremia that we detected
(16-18). Although both HEV IgM and IgG have been
described as appearing ~2 weeks after first detection
of HEV RNA during acute hepatitis E, we observed
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a much longer period of 32 (IgM) and 33 (IgG) days,
although similar simultaneous onset of both immuno-
globulins was confirmed (17,18,26). We were able to
display a fast increase in HEV IgM S/ CO reflected by
the reaching of maximum HEV IgM S/CO at day 36,
followed by a slow decrease leading to titers below the
LOD in around one third of the donors at a median

of day 85. Meanwhile, HEV IgG S/ CO increased more
slowly but stayed detectable at a high level in all per-
sons. Those kinetics are in line with the general expec-
tations for the course of the serologic response during
a self-limiting infection (27,28).

The data presented here on the viremic course of
asymptomatic persons have been published only to a

Figure 2. Hepatitis E virus (HEV) viral load in asymptomatic persons determined from retrospectively tested blood samples, Germany.
A) Maximum viral load for each person (n = 32). B) Viral loads during the infection have been overlayed for all persons depending on
the timepoint when the maximum viral load (set as day 0) was reached. C) Spearman coefficient r calculated for the correlation of the
maximum viral load and the duration of HEV RNA detection in the blood for persons with confirmed end of infection by HEV RNA—
negative donation (n = 28). D) Doubling time was determined in the rising phase of the viral load, whereas the half-life was determined
in the declining phase for the whole or a trimmed course. Data points indicate each person; error bars indicate medians with interquartile
ranges; circles indicate donors who donated HEV-negative blood before first detection of HEV RNA (n = 14); and triangles indicate
persons who did not donate HEV-negative blood before first detection of HEV RNA (n = 18). Data points calculated from data extracted
from Vollmer et al. are displayed as open circles (n = 7) (21). HEV, hepatitis E virus.
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limited extent because of the restrictions mentioned
above. A previous study of ours, with data from 10
asymptomatic persons, provided insight into the vi-
remic kinetics and reported a median maximum viral
load of 1.88 x 10* IU/mL reached at day 23 and a total
interval of HEV RNA positivity of 28 days (21), which
is in line with the maximum viral load of 2.0 x 10* U/
mL reached at day 22 and a total period of 36 days of
RNA positivity that we report. Therefore, we consid-
ered it reasonable to include the data from that study
when calculating the doubling time and half-life of
HEV viral loads.

A comparison of data from asymptomatic per-
sons with viremia characteristics of patients after
solid organ transplantation published by Pas et al.
resulted in a striking discrepancy (29). First, the dis-
crepancy is reflected in the fact that, in the Pas et al.
study, the median time between detection of HEV
RNA and detection of HEV IgG was 124 days, where-
as in our study that period was only 33 days. Second,
in that study, chronic hepatitis E developed in 11
of 12 organ recipients with a median duration of 16
months, whereas, among the asymptomatic donors in
our study, chronic hepatitis E developed in none (>3
months viremia) with a median infection period of 36
days. Consequently, the kinetics of acute and chronic
hepatitis E need to be differentiated.

When considering the doubling time and half-life
of viral load during HEV viremia, comparative data
(e.g., from symptomatic patients) are missing. Our
calculations resulted, depending on the analysis win-
dow considered, in a doubling time of 2.8-2.4 days
and a half-life of 1.8-1.6 days. The values in the whole
or the trimmed core intervals were similar, indicating
uniform growth and fall of the viral load. Therefore,
we did not take complex calculations for different
phase into account as has been done for HBV, for ex-
ample (30). HEV infections are closely related to HAV
infections in terms of not only the route of transmis-
sion and the self-limiting character but also the signs/
symptoms (15,31). A higher maximum viral load of
2.6 x 107 IU/mL, a longer infection duration of 106
days, and a doubling time of 17.5 hours for asymp-
tomatic HAV positive blood donors have been pub-
lished (11). A comparably low doubling time of 13.8
hours has been demonstrated in HCV-infected liver
transplant recipients (13). For HBV-infected persons,
a doubling time of 2.5-3.7 days and a half-life of 1.6-
3.7 days has been reported, which is more similar to
the HEV kinetics (12,14). At the same time, a stable
maximum viral load for HBV of 108-10°° IU/mL has
been detected in this context and was interpreted as
the viral load associated with the infection of nearly
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all hepatocytes (12,30). The median maximum HEV
viral load that we detected is a few logs lower and
fluctuated between donors, not accounting for infec-
tion of all hepatocytes.

In conclusion, our data provide insight into the
kinetics of asymptomatic HEV infection. Although
key characteristics (e.g., humoral immune response,
maximum viral load, and duration of viremia) con-
firmed results of previous studies, doubling time
and half-life of the viral load were additionally de-
termined. Comparison with the course of infection in
organ transplant recipients as well as patients with
other viral liver infections revealed characteristic de-
viations, highlighting that HEV infection in healthy
persons is less extensive and leads to fewer health
impairments and that risk factors such as immuno-
suppression influence the infection. Our data provide
a baseline for evaluating self-limiting HEV infection.
With the addition of secondary factors such as age
or immune status, it can be determined which fac-
tors influence the kinetics of the infection and repre-
sent a risk to, for example, recipients of transfusion-
transmitted hepatitis E.
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Cross-Sectional Study of
Q Fever Seroprevalence among
Blood Donors, Israel, 2021

Nesrin Ghanem-Zoubi," Yafit Atiya-Nasagi," Evgeniy Stoyanov,
Moran Szwarcwort, Basel Darawsha, Mical Paul, Eilat Shinar

We evaluated Q fever prevalence in blood donors and
assessed the epidemiologic features of the disease in
Israel in 2021. We tested serum samples for Coxeilla
burnetii phase | and Il IgG using immunofluorescent as-
say, defining a result of >200 as seropositive. We com-
pared geographic and demographic data. We included
1,473 participants; 188 (12.7%) were seropositive. The
calculated sex- and age-adjusted national seropreva-
lence was 13.9% (95% Cl 12.2%—15.7%). Male sex and
age were independently associated with seropositivity
(odds ratio [OR] 1.6, 95% CI 1.1-2.2; p = 0.005 for male
sex; OR 1.2, 95% CIl 1.01-1.03; p<0.001 for age). Resi-
dence in the coastal plain was independently associated
with seropositivity for Q fever (OR 1.6, 95% CI 1.2-2.3;
p<0.001); residence in rural and farming regions was
not. Q fever is highly prevalent in Israel. The unexpected
spatial distribution in the nonrural coastal plain suggests
an unrecognized mode of transmission.

fever, caused by infection with the bacterium Cox-

eilla burnetii, is an endemic disease in Israel. In 2021,
a total of 341 cases of Q fever were reported to the Epide-
miology Division, Ministry of Health (1), representing
an estimated incidence of 3.6/100,000 population. For
comparison, the highest incidence of Q fever in recent
years in the European Union was reported from Spain,
reaching 0.7/100,000 population in 2019 (2). Despite
the longstanding endemicity of Q fever in Israel, little
is known about the actual epidemiology, geographic
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distribution, and groups at highest risk for the disease
(3-6). Ministry of Health data are based on passive noti-
fications, relying on reporting by the treating physician
and laboratory staff where the diagnostic test sugges-
tive of Q fever was performed. This reporting system is
known to be highly affected by the awareness and mo-
tivation of medical staff (both physicians and laboratory
workers). Almost half of acute Q fever cases are asymp-
tomatic (7), but infections can progress years later to the
more severe, chronic form of the disease. Thus, the ac-
tual population incidence of Q fever, including events
missed by the passive surveillance system, has not been
documented in Israel. In this study, we evaluated the
prevalence of Q fever in adult healthy volunteer blood
donors in Israel and assessed the epidemiologic features
of the disease.

Methods

Study Design and Setting

We conducted a cross-sectional nationwide preva-
lence study using blood samples collected during
January 1-October 8, 2021. Samples were collected by
Magen David Adom (MDA) National Blood Service.
Blood donations were performed in locations across
the country. Samples were collected and stored from
donors who signed an informed consent agreeing to
participate in the study. Participants completed an
obligatory donor health questionnaire that included
their demographic details and health status. The study
was performed in line with the principles of the Dec-
laration of Helsinki. The study was approved by the
ethics committees of Rambam Health Care Campus
and MDA’s research committee. Informed consent
was obtained from all individual participants included
in the study.

"These authors contributed equally to this article.
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Participants

Participants were male and nonpregnant female adult
blood donors >18 years of age (pregnant women are ex-
cluded from blood donation) who completed the donor
health questionnaire and signed the MDA consent form
for use of blood donations in research. Samples for this
study were selected randomly from the full sample pool
(1,000 donations/day) by donation site from all dis-
tricts in Israel. To achieve a study group representative
of the whole population, we enriched the final study set
with samples taken from female donors and from Arab-
populated locations; however, sample selection was
performed randomly from the respective sample pools.

Study Flow and Data Collection

We centrifuged specimens obtained from blood do-
nors, saved serum samples at 4°C, and transferred
samples to the reference laboratory for antibody test-
ing. We kept samples anonymous and did not convey
results to the blood donors.

We collected demographic data on date of dona-
tion, date and country of birth, sex, and location of
residence. We extracted data on the residence locali-
ties” sociodemographic characteristics from the Israeli
Central Bureau of Statistics (CBS) website. Those data
consisted of population size, ethnicity of popula-
tion, and socioeconomic index cluster (categorized
as 1-10 on the basis of multiple social and economic
variables). We defined Arab localities as localities in
which >80% of the population were Arab. Localities
were classified by socioeconomic cluster as low (1-3),
middle (4-7), or high (8-10) status. Rural localities
were defined as those with <5,000 inhabitants.

Microbiological Methods

We performed screening for presence of phase I and
phase II C. burnetii IgG by using an in-house indirect
immunofluorescence assay at the National Central
Laboratory for Rickettsiosis in the Israel Institute for
Biologic Research. We performed the test by using
antigens of phase I Ohio strain and phase I Nine Mile
strain of Coxiella burnetii. This test has been used clini-
cally for many years as the standard for Q fever diag-
nosis in Israel. The test was externally validated upon
its introduction and continues to be under periodic
internal and external quality assurance control pro-
grams. Results were reported as borderline if positive
in a titer of 100 and seropositive with antibody titers
of phase I or phase II IgG >200.

Seroprevalence Spatial Distribution

We calculated Q fever seroprevalence rate by locality,
natural region, and subdistrict and district level. Israel

942

is divided into districts and subdistricts on the basis
of administrative considerations and into natural re-
gions on the basis of regional geographic features. We
used the natural regions to divide the country into 4
areas: the coastal plain and the inner regions of the
north, center, and south. We created prevalence cho-
ropleth maps according to district, subdistrict, and
natural region classification. We created maps using
ArcGIS Desktop software (Esri, https://www.esri.
com) to display spatial prevalence data.

Statistical Methods

We expressed seroprevalence rates as an overall rate
and in geographic and demographic groups. We cal-
culated the sex- and age-adjusted seroprevalence to
estimate national Q fever prevalence in adults >18
years of age using the sex and age distribution of
the population of Israel according to 2019 CBS data.
We used the %2 test to assess the association between
available epidemiologic characteristics and seroposi-
tivity for Q fever. We used binary logistic regression
for multivariate analysis. We included variables with
p<0.05 in bivariate analysis in the binary regression.
All statistical tests were 2-tailed.

The sample size needed for prevalence estimation
was calculated targeting a 95% CI and assuming a Q
fever prevalence in Israel of 4% (on the basis of previ-
ous studies from Q fever-endemic developed coun-
tries that reported a prevalence range of 3%-5%). We
targeted a precision of 1%. The sample size needed
was calculated to be 1,476.

Results

During January 1-October 8, 2021, samples were
collected from 1,600 blood donors; we tested 1,473
samples with complete epidemiologic data. Of those,
188 (12.7%) samples were positive for C. burnetii anti-
bodies. Phase II IgG >200 was detected in 187 partici-
pants; concomitant phase I IgG >200 was detected in
57 (30%) of those participants” samples. Only 1 sam-
ple was found with positive phase I IgG and negative
phase II IgG (Table 1).

The mean age of the participants was 36.6 + 13.9
years; 859 (58.3%) were men and 614 (41.7%) women.
The sex- and age-adjusted prevalence rate was 13.9%
(95% C112.2%-15.7%).

The seroprevalence of Q fever was higher among
men (14.9% [128/859]) than women (9.8% [60/614])
(Table 2). In addition, seroprevalence increased
with age, reaching a rate of 17.4% (52/299) among
participants >50 years of age. Participants living in
rural locations had seropositivity of 10.6% (51/480).
Seroprevalence rates were similar in Arab and Jewish

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 30, No. 5, May 2024
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Table 1. Q fever antibody results in cross-sectional study of Q fever seroprevalence among blood donors, Israel, 2021

No. (%) participants

Antibody Negative Borderline, = 100 Positive, >200 200-800 >1,600
Phase Il IgG 1,152 (78.2) 134 (9) 187 (12.6) 158 (10.7) 29 (1.9)
Phase | 1gG 1,374 (93.2) 41 (2.7) 58 (3.9) 56 (3.8) 2 (0.1)

localities and in low, middle, and high socioeconomic
status localities.

Seropositive cases were widely distributed across
all parts of the country. Prevalence rates varied
among regions; rates were highest in the coastal plain
(15.9% [100/629]) and lowest in the noncoastal cen-
tral region (8.8% [37/419]) (Figure; Appendix Table 1,
https://wwwnc.cdc.gov/EID/article/30/5/
23-0645-Appl.pdf).

In bivariate comparison, older age, male sex, and
residence in the coastal plain were more prevalent
in the seropositive group than the seronegative one
(Table 3). Residence in a rural area was less prevalent
in the seropositive group but did reach statistical sig-
nificance. In multivariate logistic regression analysis,
variables that were independently associated with
Q fever seropositivity were age (odds ratio [OR] 1.2,
95% CI1.01-1.03; p<0.001), male sex (OR 1.6, 95% CI
1.1-2.2; p = 0.005), and residence in the coastal plain
(OR 1.6, 95% CI 1.2-2.3; p<0.001).

Discussion
We found high Q fever seroprevalence at an estimat-
ed rate of 13.9% among healthy adults in Israel, with
wide geographic distribution. Seropositive status was
independently associated with male sex, older age,
and residence in the coastal plain.

National seroprevalence studies of Q fever from
the past 2 decades have been conducted in several
countries. In the United States (8), the Netherlands

(before the large outbreak in 2007) (9), and Chile (10),
prevalence was =3%. Higher prevalence rates were
reported from Australia (5.6%) (11), French Guiana
(9.6%) (12), and Northern Ireland (12.8%) (13). Small-
er studies from other countries demonstrated a broad
range of Q fever prevalence: 6.9% in Bhutan (14), 6.9%
in Reunion Islands (15), 24.2% in Jordan (16), and
52.7% in Cyprus (17). Those studies used different
testing methods and different cutoff titers to define
seropositivity, which could have contributed to dif-
ferences in reported prevalence rates.

In this study, we used a relatively high cutoff titer
to define seropositivity, which could have led to an
underestimation of seroprevalence rate. For example,
if we had used a cutoff of 100 instead of 200 to de-
fine seropositivity, the crude overall prevalence rate
would have increased from 12.7% to 21.8%. Never-
theless, the high seroprevalence rate we found seems
to correlate with reported ongoing and increasing in-
cidence of the disease, as reflected in clinical reports
in the national surveillance (1) (Appendix Figure).
The increase in incidence observed in recent years
had been preceded by several outbreaks reported in
different areas (18-20).

Increasing age and male sex as risk factors
for Q fever have been reported in various coun-
tries in both clinical and epidemiological studies
(8,11,21,22); possible explanations have been relat-
ed to increased exposure from living in endemic
places and certain occupational exposures. We did

Table 2. Crude prevalence of anti-Coxiella burnetti IgG in cohort groups in cross-sectional study of Q fever seroprevalence among

blood donors, Israel, 2021

Parameter No. participants No. seropositive (%)
Overall 1,473 188 (12.7)
Sex
M 859 128 (14.9)
F 614 60 (9.8)
Age group, y
18-30y 550 50 (9.0)
31-50y 502 85 (16.9)
>50y 299 52 (17.4)
Geographic factors
Born in Israel 1,205 153 (12.7)
Living in Jewish locality 1,310 167 (12.7)
Living in Arab locality 157 21 (13.4)
Rural 372 38(10.2)
Urban 1,095 150 (13.7)
Socioeconomic status of residence localities
Low 328 39 (11.9)
Middle 714 94 (13.2)
High 416 54 (13.0)
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Figure. Q fever prevalence by district, subdistrict, and natural region in cross-sectional study of seroprevalence among blood donors,
Israel, 2021. Spatial distribution of Q fever seroprevalence uses different geographic classifications. A) Seroprevalence rates by
district; the highest rate was in Haifa district. B) Seroprevalence rates by subdistrict; the highest rate was in Hadera subdistrict. C)
Seroprevalence rates by 4 natural region clusters; the highest rate was in the coastal plain area.

not have occupational data for participants in this
study, but previous local reports have frequently
mentioned that animal exposure does not seem to
be a risk factor (23-25). Similarly, residence in a
rural area was not associated with Q fever sero-
prevalence in our study, contrary to previous re-
ports (11,15,17,26). Yet, the significance of male
sex as a risk factor might be related to exposure
factors that should be further investigated.
Residence in the coastal plain was significantly
associated with Q fever prevalence in our study.
Of note, the coastal plain region in Israel contains
more urban and highly populated localities than
other regions, whereas livestock farms are more
prevalent in noncoastal areas, mainly in the south
and north (27). For example, the subdistrict with
the highest seroprevalence rate in our study was

Hadera (26%); only 7.2% of sheep farms and 4.2% of
cattle farms in Israel are located in that subdistrict
(27). Wind can carry sporelike forms of C. burnetii
to distances of up to 18 km, as documented in pre-
vious studies (28,29). The short 17-km distance of
Hadera subdistrict from the eastern border (an area
for which data are missing) should be taken into
consideration in further studies. However, those
factors alone cannot explain the unique spatial pat-
tern of prevalence depicted in our study; in those
circumstances, we would have expected a decreas-
ing gradient of prevalence in which the highest rates
would be observed in rural and inner noncoastal
regions. Our spatial prevalence data point to an
unknown mode of transmission of the disease that
seems to play a major role in current epidemiology
in Israel. The possibility of an unrecognized animal

Table 3. Risk factors for Q fever seropositivity and results of univariate and multivariate analyses in cross-sectional study of Q fever

seroprevalence among blood donors, Israel, 2021*

All participants,  Seropositive, =~ Seronegative, Univariate Multivariate analysis

Parameter N =1,473 n =188 n=1,285 analysis p value Odds ratio (95% ClI) p value
Mean age +SD, y 36.6 +13.9 41.1 +13.3 35.9 +13.9 <0.001 1.2 (1.01-1.03) <0.001
Male sex 859 (58.3) 128 (68.1) 731 (56.9) 0.004 1.6 (1.1-2.2) 0.005
Born in Israel 1,211 (82.9) 153 (81.3) 1,058 (83) 0.677
Living in Jewish locality 1,310 (89.3) 167 (88.8) 1,143 (89.4) 0.824
Rural locality 372 (25.4) 38 (20.2) 334 (26.1) 0.082
Socioeconomic status of residence localities 0.683

Low 328 (22.5) 39 (20.9) 289 (22.7)

Moderate 714 (49.0) 94 (50.3) 620 (48.8)

High 416 (28.5) 54 (28.9) 362 (28.5)
Living in coastal plain 629 (42.9) 100 (53.2) 529 (41.4) 0.002 1.6 (1.2-2.3) <0.001

*Values are no. (%) except as indicated.
1<5,000 population.
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that might be a reservoir for the bacterium in the
urban environment should be investigated. Spe-
cial attention should be paid to stray cats and wild
boars, particularly because wild boars have become
a frequent observation inside Haifa, the largest city
in the northern coastal plain. In addition, rivers and
streams could theoretically play a role in the trans-
mission of the bacterium from the inner areas of the
country to the coastal plain; in 1 study, C. burnetii
was detected in contaminated river water (30).

Compared with brucellosis, another endemic
zoonotic disease in Israel, in which most cases oc-
cur among Arabs (31), in this study, Q fever seems
to affect Arab and Jewish locations at similar rates.
The transmission mode of brucellosis is clearly as-
sociated with consumption of unpasteurized dairy
products and direct contact with infected sheep
(32). The fact that sheep herds, which are most like-
ly the common source of both diseases, are found
mostly inside or in close proximity to Arab loca-
tions (27) supports a different transmission mode
of Q fever.

The first limitation of our study is the epide-
miologic differences between healthy blood donors
and the general population. We did not include
persons <18 years of age, pregnant women, and
persons who were not qualified to donate blood
because of responses on the donor health question-
naire or results of physical tests performed before
donation (i.e., blood pressure, heart rate, hemoglo-
bin levels). For estimating national prevalence, we
adjusted our results to age and sex distribution of
the general population. Still, underrepresentation
of Arab population in our cohort was prominent
and might have missed prevalence ethnic differ-
ences. Another limitation is the absence of data on
individual risk factors such as occupation and ani-
mal exposure. As mentioned previously, those data
were not found to be associated with clinical illness
in reports from Israel (23) but should be further
studied prospectively.

In conclusion, our study presents key data on
the epidemiology of Q fever in Israel, demonstrating
high seroprevalence throughout the country, with
predominance in the coastal plain for unknown rea-
sons and no association with rural areas or livestock
farms. Future studies should further investigate en-
vironmental factors that seem to play a major role
in the transmission of this endemic disease. Improv-
ing our knowledge of disease transmission is criti-
cal in planning prevention programs for this highly
endemic disease with significant consequences for
public health.
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COVID-19 Vaccination Site
Accessibility, United States,
December 11, 2020—March 29, 2022

Randy Yee, David Carranza, Christine Kim, James Phillip Trinidad,
James L. Tobias, Roma Bhatkoti, Sachiko Kuwabara

During December 11, 2020—March 29, 2022, the US
government delivered =700 million doses of COVID-19
vaccine to vaccination sites, resulting in vaccination of
~75% of US adults during that period. We evaluated
accessibility of vaccination sites. Sites were accessible
by walking within 15 minutes by 46.6% of persons, 30
minutes by 74.8%, 45 minutes by 82.8%, and 60 min-
utes by 86.7%. When limited to populations in counties
with high social vulnerability, accessibility by walking
was 55.3%, 81.1%, 86.7%, and 89.4%, respectively. By
driving, lowest accessibility was 96.5% at 15 minutes.
For urban/rural categories, the 15-minute walking acces-
sibility between noncore and large central metropolitan
areas ranged from 27.2% to 65.1%; driving accessibility
was 79.9% to 99.5%. By 30 minutes driving accessibil-
ity for all urban/rural categories was >95.9%. Walking
time variations across jurisdictions and between urban/
rural areas indicate that potential gains could have been
made by improving walkability or making transportation
more readily available.

n December 11, 2020, the US Food and Drug

Administration (FDA) authorized the first
COVID-19 vaccine for emergency use for persons
>16 years of age (1). Although during the initial pe-
riod of limited supply the vaccine was allocated to
at-risk older adults and certain essential workers,
by the end of spring 2021 vaccine eligibility gradu-
ally expanded to all adults (2). On September 22,
2021, the Pfizer-BioNTech (https://www.pfizer.
com) COVID-19 vaccine emergency use authoriza-
tion was amended to allow a single booster dose for
elderly adults and adults with underlying medical
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conditions. By November 19, 2021, a booster dose
was recommended for all adults (1), and on March
29, 2022, emergency use authorization allowed for a
second booster dose (3). By March 29, 2022, the per-
centage of adults who had completed the primary
COVID-19 vaccination series was 75.4%, and 48.2%
had received a booster dose (4).

A major structural barrier of the US COVID-19
vaccination campaign is vaccine accessibility. The
Assistant Secretary for Planning and Evaluation,
Office of Health Policy, found that major barriers to
vaccine coverage were transportation-related costs,
opportunity costs, and inadequate functional prox-
imity to the vaccines (5). The US Centers for Disease
Control and Prevention (CDC) has provided rec-
ommendations to jurisdictions with regard to the
planning of convenient COVID-19 vaccination sites,
including use of gap analysis to spatially assess op-
timal locations for additional sites, especially those
with populations of homebound persons or persons
living in remote places (6,7).

Another major theme of the vaccination cam-
paign has been equity of access. The CDC CO-
VID-19 Response Health Equity Strategy has out-
lined tangible activities for ensuring equity in the
nationwide distribution and administration of
COVID-19 vaccines through data-driven approach-
es such as expanding vaccine data collection, re-
porting, and analyses (8). Organizations such as
the Office for Civil Rights also have highlighted
accessibility challenges and the need for feder-
ally assisted healthcare providers to ensure fair
and equitable access to vaccines and boosters, cit-
ing laws such as Title VI of the Civil Rights Act of
1964 and Section 1557 of the Affordable Care Act
(9). The White House has repeatedly confirmed
its commitment to ensuring equitable access to
COVID-19 vaccines (10-12).
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Geographic information systems have proven
valuable for evaluating functional proximity of popu-
lations to vaccination sites; geospatial analyses use
dynamic travel time estimation methods for vaccine
modeling and planning increasing during the COV-
ID-19 pandemic (13-21). For example, Whitehead et
al. calculated travel times between Aotearoa, the New
Zealand census-derived Statistical Area 1 level, to all
potential vaccine delivery sites with a road network
and origin/destination analysis (J. Whitehead et al.,
unpub. data, https://www.medrxiv.org/content/10
.1101/2021.08.26.21262647v1). In a nationwide study
in England, Duffy et al. measured accessibility from
statistical and administrative neighborhood centroids
to COVID-19 vaccination sites by using the closest

travel time routes and the most likely transport mode
in each area: by car, by public transport, or on foot
(20). Another study conducted in Kenya used a cost-
distance algorithm based on walking and motorized
modes to generate a gridded travel time surface at the
1 x 1-km spatial resolution level together with a pop-
ulation density layer from WorldPop (https://www.
worldpop.org) to determine accessibility of popula-
tion to vaccination centers (21). A Bayesian condi-
tional autoregressive model was then used to identify
inequalities in accessibility and to predict vaccination
coverage rates (21).

Knowledge of the functional proximity to vac-
cine sites for different populations is essential for
effective planning and for ensuring equity of health

Figure 1. COVID-19 vaccination site accessibility, Atlanta metropolitan area, Georgia, USA, December 11, 2020—-March 29, 2022. A)
Adult population density; B) COVID-19 providers; C) COVID-19 vaccination site accessible by 15-minute walk; D) 30-minute walk; E)

45-minute walk; F) 60-minute walk. Scale bar indicates 20 km.
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COVID-19 Vaccination Accessibility, United States

Figure 2. Adult COVID-19 vaccination site accessibility according to walking time in 15-minute intervals, by state, United States,
December 11, 2020—-March 29, 2022. A) Overall accessibility; B) accessibility for areas with high scores on the Centers for Disease
Control and Prevention/Agency for Toxic Substances and Disease Registry Social Vulnerability Index.

resource access in public health emergencies. With
our retrospective study, we evaluated accessibility of
COVID-19 vaccine sites nationally by walking and
driving travel times at the jurisdiction, community
social vulnerability, and urban/rural levels.

The study was approved by the CDC National
Center for Health Statistics. CDC investigators did
not interact with human subjects or have access to
identifiable data or specimens.

Methods

To obtain a list of active provider sites, we queried
the official platform for US COVID-19 vaccine dis-
tribution, the Tiberius system (https://www.cdc.
gov/vaccines/programs/tiberius/index.html).
We defined an active provider site as any provider site
from December 11, 2020 (with FDA authorization for
emergency use of the first COVID-19 vaccine, Pfizer-
BioNTech) through March 29, 2022 (with FDA autho-
rization of a second booster dose for older and immu-
nocompromised persons) that at any point reported
any inventory in the preceding 7 days, received a
shipment in the preceding 28 days, or administered
>1 dose of adult COVID-19 vaccine during the pre-
ceding 28 days (1,3). Sites must have been a provider
of one of the approved or authorized adult COVID-19
vaccines in the United States during the study peri-
od: Pfizer-BioNTech, Moderna (https://www.mod-
ernatx.com), and Janssen (https://www.jnj.com).
To avoid potentially overestimating provider site

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 30, No. 5, May 2024

accessibility for the general population, we excluded
sites serving institutionalized or long-term resident
populations (e.g., prisons, detention facilities, and
nursing homes) or military personnel (e.g., Depart-
ment of Defense provider sites).

We grouped provider sites into 1 of 5 self-reported
categories: community health, hospital, medical prac-
tice, pharmacy, and unknown/other (Appendix Fig-
ure 1, https:/ /wwwnc.cdc.gov/EID/ article/30/5/23-
0357-Appl.pdf). Community health providers were
reported as public health, tribal health, or commercial
vaccination service sites. The hospital category includ-
ed only those reporting as hospital providers. Medical
practice providers were reported as doctor’s offices or
practices, health centers, urgent care, or Indian Health
Service. Pharmacy sites were reported as retail phar-
macy or other pharmacy sites. Sites categorized as
unknown/other were either reported as home health,
other, or no selection.

To calculate isochrones (areas from which a site
can be reached within a specific travel time) for each
provider site we used OpenRouteService (https://
openrouteservice.org), an open-source global spa-
tial routing service. We obtained the latest Open-
StreetMaps road data for the United States (https://
planet.openstreetmap.org) from Geofabrik (http://
www.geofabrik.de). We deployed OpenRouteSer-
vice locally on Docker, a containerization platform
for creating and running applications, and accessed
it through Quantum GIS (http:/ /www.qgis.org) via
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the OpenRouteService Tools plugin (22,23). We gen-
erated isochrones around each site for walking and
driving with the time thresholds of 15, 30, 45, and 60
minutes. We calculated walking and driving travel
speeds by using the OpenRouteService algorithm,
which is described in their documentation. For the
underlying US adult population raster layer, we ob-
tained 2019 US population estimates for female/male
>15-year age bands constrained to built settlements
from WorldPop and aggregated the data in Python
(24,25). We then calculated site accessibility by over-
laying the isochrone contours on top of the popula-
tion layer and using zonal statistics in Quantum GIS
to determine the population residing within the iso-
chrones (Figure 1).

We evaluated accessibilities for US adults living
at different community social vulnerability levels and
urbanicity by using the CDC/Agency for Toxic Sub-
stances and Disease Registry Social Vulnerability In-
dex (SVI), a composite index based on 15 US Census
variables grouped by socioeconomic status, house-

hold composition and disability, minority status and
language, and housing and transportation (26). The
most recent SVI was released in 2018, and the range
was 0-1, with 1 representing the highest vulnerabil-
ity (26). High SVI was defined as an overall SVI >0.5
and was used as a filter for the population residing in
those areas.

The National Center for Health Statistics Urban-
Rural Classification Scheme for 2013 classified coun-
ties into 1 of 6 categories: large central metropolitan,
large fringe metropolitan, medium metropolitan,
small metropolitan, micropolitan, and noncore (core
urban population <10,000) (27). We aggregated the
adult population for each of these urban/rural areas
and calculated accessibilities by using the same iso-
chrones generated previously.

Results

The total number of active provider sites for the study
period was 131,951. There were 57,064 pharmacy
sites, 35,728 medical practice sites, 10,606 community

Figure 3. Walking accessibility for COVID-19 vaccination sites, by state, United States, December 11, 2020—March 29, 2022: A) 15

minutes; B) 30 minutes; C) 45 minutes; D) 60 minutes.
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COVID-19 Vaccination Accessibility, United States

Figure 4. Adult COVID-19 vaccination site accessibility according to driving time in 15-minute intervals, by state, United States,
December 11, 2020—-March 29, 2022. A) Overall accessibility; B) accessibility for areas with high scores on the Centers for Disease
Control and Prevention/Agency for Toxic Substances and Disease Registry Social Vulnerability Index.

health sites, 5,222 hospitals, and 23,331 unknown or
other provider site type (Appendix Figure 2).

National walking accessibilities (the proportion
of the population within the stated travel time areas)
were found to be 46.6% within 15 minutes, 74.8%
within 30, 82.8% within 45 minutes, and 86.7% within
60 minutes. The national driving accessibilities for
those times were 96.5%, 99.4%, 99.7%, and 99.8%, re-
spectively (Figures 2-5).

When we limited the population to persons
residing in high SVI areas, sites were accessible
within a 15-minute walk for 55.3% of the popula-
tion, 30-minute walk for 81.1%, 45-minute walk for
86.7%, and 60-minute walk for 89.4%; accessibilities
for those same times by driving were 97.0%, 99.5%,
99.8%, and 99.9%, respectively (Figures 2, 4). Over-
all, accessibility was greater in high-SVI areas than
in the entire area.

Accessibility tended to improve with increasing
urbanicity of the location of provider sites. The non-
core walking accessibilities ranged from 15 minutes
(27.2%) to 60 minutes (52.7%), and accessibilities for
large central metropolitan areas ranged from 65.1% to
97.7%. Driving accessibility ranges were 79.9%-99.0%
for noncore and 99.5%-99.9% for large central metro-
politan areas (Figure 6).

Discussion
With this study, we estimated a range of accessi-
bilities to COVID-19 vaccination sites for US adults:

46.6% of US adults were within a 15-minute walk to a
COVID-19 vaccine provider site, which increased to
86.7% for a 60-minute walk. Accessibility increased
further, to 96.5%, for a 15-minute drive. Although ac-
cess tended to be greater than or equal for high-SVI
areas compared with the entire jurisdiction, jurisdic-
tional and urban/rural variations suggest potential
inequalities with regard to access. Although we do not
attempt to say what the accessibility target should be
for each area, future public health campaigns should
factor these perspectives into planning.

Given that driving has the potential to greatly in-
crease accessibility, making motorized transportation
more readily available to areas in which walking times
are high should be considered. Despite rural counties
having more households with cars, large numbers of
zero-car ownership households depend on under-
funded public transportation systems (28,29). Vaccine
transportation programs such as MyTurn (https://
myturn.ca.gov) and those offered by rideshare ser-
vices such as Uber and Lyft were initiated as part of
the response, but whether they are situated for maxi-
mum effect could be a topic for another study (30,31).
Conversely, another perspective worth investigating is
strategic placement of vaccination sites, such as mobile
clinics or temporary vaccination sites for walking.

Our analysis considers only 2 travel modalities:
walking and driving. We acknowledge that those mo-
dalities might not be suitable or preferred by every-
one. For example, the average travel time for a person
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requiring use of a wheelchair may be greater than the
walking speeds calculated by using the OpenRoute
Service algorithm. Public transportation, another
common mode of travel, can vary according to traf-
fic conditions and whether dedicated travel lanes are
available. Nonetheless, walking and driving should
give a reasonable range with regard to accessibility
of the vaccine.

Among potential limitations of the provider
list, not all vaccine provider sites are equally ac-
cessible to the public. Provider sites may have
policies that restricted access to specific groups of
persons or hours of operation that may have ex-
cluded persons. Some sites may not be accessible at
all because our selection criteria capture sites that
are not intended for vaccine administration, such
as distribution hubs. Our study assessed only ac-
cessibility of static sites and did not consider mo-
bile vaccination clinics or services that provide
in-home vaccination. Our study reports the cumu-
lative list of active provider sites, including sites
that were not active during the entire period, such
as mass vaccination sites operational only during

the early months of the vaccination campaign. Site
inactivation is a relevant consideration; a recent
study has shown how closures can result in heavy
losses of access resulting from increased driving
travel times in the more rural parts of the country
(32). Furthermore, our analysis did not account for
characteristics of the provider vaccine supply, such
as availability of specific vaccines or vaccine stock-
outs during the study period. The criteria for being
an active provider depend on accurate data. The
Tiberius platform data are frequently updated, and
provider data can be updated days or even weeks
later. Although the provider list was pulled well af-
ter the close of the study period, those delays could
still shift the number of providers flagged as active,
depending on the time of data export.

Another limitation is that our analysis evaluated
only proximity to a vaccine provider site via estab-
lished road networks. OpenStreetMaps is an open-
sourced project, and although the project is regularly
updated by independent contributors, there may be
network gaps such as informal roads or hidden back
roads. In addition, connecting isochrone endpoints

Figure 5. Driving accessibility for COVID-19 vaccination site, by state, United States, December 11, 2020-March 29, 2022: A) 15

minutes; B) 30 minutes; C) 45 minutes; D) 60 minutes.
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Figure 6. Adult COVID-19 vaccination site accessibility by 2013 Centers for Disease Control and Prevention Urban-Rural Classification,
United States, December 11, 2020—March 29, 2022. A) Walking accessibility; B) driving accessibility.

on road networks can produce minor differences
in the polygon contours, depending on the method
used. Numerous resources compare results between
different routing services (33).

One more limitation was timeliness of the geo-
spatial data sources. Worldpop estimates were pro-
duced in 2019; the CDC/ Agency for Toxic Substances
and Disease Registry SVI in 2018; and the National
Center for Health Statistics Urban/Rural Classifica-
tion Scheme in 2013 (24,26,27). Furthermore, we used
population estimates for persons >15 years of age to
approximate those eligible for the vaccine within the
study period as well as those able to drive. Those es-
timates may overestimate the driving accessibility for
some jurisdictions because driving age does not start
at age 15 for all states. Because the estimates were
produced in 2019, at the time of our analysis, the en-
tire estimated population would be a few years older
(more persons >15 years of age), better estimating
the driving population during the study. Researchers

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 30, No. 5, May 2024

using our methods should consider the timeliness of
their data sources and should either contact the data
providers directly or use estimation methods if data
sources are out of date. Despite those limitations, we
assert the value of our methods and results for vac-
cine planning purposes.

Our article addresses only the issue of physical ac-
cess, but accessibility itself is a multifaceted concept.
For example, Levesque et al. developed a framework
with 5 dimensions of accessibility: approachability,
acceptability, availability and accommodation, af-
fordability, and appropriateness (34). Although we
have explored some aspects of availability and ac-
commodation, future work could focus on evaluating
accessibility along these other dimensions.

In conclusion, the initial US COVID-19 vaccina-
tion campaign was a monumental logistical under-
taking resulting in deliveries of ~700 million doses to
fully vaccinate ~75% of US adults by the end of the
study period. Despite that achievement, our analysis
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has identified potential areas for improvement at the
national, jurisdiction, and urban/rural levels. Our
findings highlight the value of evaluating accessibil-
ity at different levels for vaccine planning.

US COVID-19 data can be accessed via the CDC COVID
Data Tracker (https://covid.cdc.gov/covid-data-
tracker/#datatracker-home). Map data copyrighted
OpenStreetMap contributors are available from

https:/ /www.openstreetmap.org. No chatbot or artificial
intelligence tool was used for any portion of this work.
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SARS-CoV-2 Transmission in
Alberta, British Columbia,
and Ontario, Canada,
January 2020-January 2022
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We estimated COVID-19 transmission potential and
case burden by variant type in Alberta, British Colum-
bia, and Ontario, Canada, during January 23, 2020-
January 27, 2022; we also estimated the effectiveness
of public health interventions to reduce transmission.
We estimated time-varying reproduction number (R)
over 7-day sliding windows and nonoverlapping time-
windows determined by timing of policy changes. We
calculated incidence rate ratios (IRRs) for each variant
and compared rates to determine differences in burden
among provinces. R corresponding with emergence of
the Delta variant increased in all 3 provinces; British Co-
lumbia had the largest increase, 43.85% (95% credible
interval [Crl] 40.71%—46.84%). Across the study period,
IRR was highest for Omicron (8.74 [95% Crl 8.71-8.77])
and burden highest in Alberta (IRR 1.80 [95% Crl 1.79—
1.81]). Initiating public health interventions was associ-
ated with lower R and relaxing restrictions and emer-
gence of new variants associated with increases in R..

mergence of SARS-CoV-2 in 2019 resulted in the

COVID-19 pandemic (1). Since then, the virus has
mutated into multiple variants. Each variant differed
in transmissibility and severity of health outcomes,
leading to differences in incident case and death
counts in different regions (2,3). COVID-19 trans-
mission rates vary depending on multiple factors,

Author affiliations: Georgia Southern University Jiann-Ping Hsu
College of Public Health, Statesboro, Georgia, USA (A.D. Kehoe,
A.K. Mallhi, C.R. Barton, H.M. Martin, C.M. Turner, X. Hua,

I.C.-H. Fung); Chinese University of Hong Kong JC School of
Public Health and Primary Care, Hong Kong (K.O. Kwok); Georgia
State University School of Public Health, Atlanta, Georgia, USA
(G. Chowell)

DOI: https://doi.org/10.3201/eid3005.230482

956

including public health policies and characteristics
of emerging variants. Interventions such as working
from home, school closures, face mask mandates, and
vaccination were implemented as efforts to control
the pandemic.

Various studies have evaluated the effective-
ness of pandemic interventions in Canada (4-7). In-
door mask mandates were found to be associated
with weekly decreases of 22% in case counts (4).
Physical distancing was found to effectively mitigate

COVID-19 spread in Ontario (5). The mitigating ef-
fect of stay-at-home policies on COVID-19 spread in
Toronto was also reported (7). Most of the previous
studies conducted on populations in Canada have
evaluated COVID-19 preventive measures in a single
city or province or evaluated only 1 or 2 preventive
measures. Limited research has been conducted com-
paring the additive mitigating effects of prevention
and control measures among major provinces in Can-
ada. With the exception of a few studies focused main-
ly on COVID-19 vaccine effectiveness, little research
has examined the effects of initiating public health
interventions or the emergence of new variants on
COVID-19 transmission potential and disease burden
in Canada (8,9). Moreover, differences in time-vary-
ing reproduction number (R)) and incidence rate ratio
(IRR) associated with specific SARS-CoV-2 variants
have yet to be explored among populations in Can-
ada. A 2020 study calculated IRR to compare disease
burden across 3 provinces (10); however, variant-spe-
cific comparisons have yet to be explored.

We addressed 2 of those research questions in this
study. First, we investigated transmission potential

"These first authors contributed equally to this article.
2These second authors contributed equally to this article..
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and case burden associated with wild-type, Alpha,
Delta, and Omicron SARS-CoV-2 variants in Alberta,
British Columbia, and Ontario. Second, we inves-
tigated the effectiveness of public health interven-
tions to reduce SARS-CoV-2 transmission potential in
those 3 provinces. The Georgia Southern University
institutional review board determined that this proj-
ect (H20364) did not involve human subjects under
the G8 exemption category of Code of Federal Regu-
lations Title 45, Part 46.

Methods

Data Acquisition

We downloaded and analyzed publicly available CO-
VID-19 case data from Ontario, British Columbia, and
Alberta. Data from Ontario, which is divided into 6 sub-
provincial public health regional areas — Central, East,
North-East, North-West, Toronto, and West—came
from 1,033,294 cases reported during January 23, 2020-
January 27, 2022 (Appendix Table 1, https:/ /wwwnc.
cdc.gov/EID/article/30/5/23-0482-Appl.pdf) (11,12).
Data from British Columbia, which is divided into 5
subprovincial regional health authorities — Fraser, In-
terior, Northern, Vancouver Coastal, and Vancouver
Island —came from 320,540 cases reported during
January 29, 2020-January 27, 2022 (Appendix Table
2) (13,14). Data from Alberta, which is divided into 5
subprovincial health services zones — Calgary, Central,
Edmonton, North, and South —came from 487,045 cas-
es during March 6, 2020-January 27, 2022 (Appendix
Table 3) (15,16).

We obtained information from the government
of Canada, the Canadian Institute for Health Infor-
mation, and the Upper Canada District School Board
websites on COVID-19 policies, including descrip-
tions and dates of implementation and relaxation (Ap-
pendix Table 4) (17-19). In addition to the policy time-
points, we recorded dates of incidence spikes because
of Delta and Omicron variants, chosen to represent
the beginning of the time period when emergence of
the variant resulted in increases in case counts and R,
(Appendix Table 4). Through this analysis, we aimed
to examine the effect on R, of mitigation policies and
emergence of highly transmissible variants. We used
the Government of Canada website (20) as the source
for data on COVID-19 variants, including weekly per-
centages for each identified variant among all cases
for which samples were sequenced. Percentages rep-
resented the weekly distribution of confirmed cases
by variant. We multiplied daily case counts by week-
ly variant percentages to estimate daily cases attrib-
uted to each variant (Appendix).

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024

Statistical Analysis

We presented epidemic curves of weekly incident
case count by province according to age group,
sex, and public health district and log, -trans-
formed monthly cumulative case counts in maps at
the subprovincial level. Basic reproduction num-
ber (R)) is the average number of secondary cases
of an infectious disease infected by the primary
case-patient in a totally susceptible population
(21). R, which is the expected number of new cases
attributed to 1 infected person, changes over time
because of public health interventions and the
changing proportion of the population with im-
munity against the infection. An R >1 indicates
epidemic growth, whereas R <1 indicates epidemic
decline (22).

We used the R package EpiEstim (The R Proj-
ect for Statistical Computing, https:/ /cran.r-project.
org/web/packages/EpiEstim/index.html) to esti-
mate R, from incident COVID-19 case counts in On-
tario, British Columbia, and Alberta. R, is estimated
by calculating the ratio between the number of inci-
dent cases at time t and the total infectiousness of all
infected persons at that same time (23,24). We speci-
fied a mean serial interval (SI) distribution of 4.60 d
(SD 5.55 d) for the analysis (25). We generated 2 forms
of R: a7-day sliding-window R, and a policy change
R, over nonoverlapping time-windows. The 7-day
sliding-window R estimate is an average of daily R,
estimates over a sliding-window time period com-
prising the current day and the 6 immediately previ-
ous days; therefore, each daily R, estimate is includ-
ed in 7 different estimates. The policy change R, is an
average of daily R estimates over a nonoverlapping
time-window in which each daily R, is included in
only 1 estimate. We conducted a sensitivity analy-
sis of provincial-level R estimates that incorporated
uncertainty associated with underreporting of in-
fections. We calculated R, using estimated infection
counts assuming averages from one sensitivity anal-
ysis using a multiplier of 4 (26) and another using
a multiplier of 11 (27) infected persons reported as
case-patients.

To calculate incidence rates, we divided cumula-
tive case counts by observed person-time data and
multiplied by 100,000. Person-time observed was the
product of the estimated population size in 2021 (28)
and the number of days observed by province, vari-
ant, or both. We stratified incidence rates over the
entire study period and IRR by sex, age, and variant
for each province (Appendix). We analyzed data us-
ing R version 4.2.2 (https://cran.r-project.org/bin/
windows/base/old/4.2.2).
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Results
Descriptive Statistics and R, by Province

Ontario

Ontario experienced 3 major pandemic waves during
our study period; more substantial case burdens oc-
curred in metropolitan areas. The first surge, which
peaked in December 2020, was attributed to wild-
type virus; the second surge, peaking in April 2021,
was mainly from Alpha; and the third, peaking in
December 2021, was mainly from Omicron (Figure 1;
Appendix Figures 1, 2). Unlike British Columbia and
Alberta, Ontario did not experience a surge because
of Delta; when the Delta variant became the domi-
nant strain in June 2021, the daily incident case count
remained stable and Delta did not cause any major
surges during June-December 2021, after which the
Omicron variant became dominant (Figure 1). Corre-
sponding to the sustained transmission presented in

Figure. Daily incident
COVID-19 case count and
7-day moving average Rt, by S

>

the epidemic curves, R, was >1 during August-Sep-
tember 2020, February-April 2021, July-August 2021,
and November-December 2021. Except for February
and March 2020, R, was not >2. Sensitivity analysis
using estimated infection counts generated similar R,
trends but with a wider 95% credible interval (CrI)
that included 1 throughout much of the study period
time frame (Appendix Figure 3).

The policy change R, fluctuated throughout the
study period with implementation of policies and
emergence of new variants (Figure 1; Table 1). Before
policies were implemented, a median R, of 1.64 (95%
Crl 1.52-1.76) was observed. Initiating school closures
in March 2020 (policy A), recommendation of face
coverings (policy B), partial school reopening after
Christmas/New Year holiday break (policy E), school
closures in April 2021 (policy F), and required vacci-
nation for government workers (policy H) were asso-
ciated with decreased median R, whereas relaxation
of policies such as phased school reopening (policy
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Table 1. Estimates for median R; and percentage change in R; after implementation of policies and the emergence of COVID-19
variant in 3 provinces of Canada (Ontario, British Columbia, and Alberta) during January 23, 2020—January 27, 2022*

Policy/variant

Median R; (95% credible interval)

% Change (95% credible interval)

Ontario
Policy label/emergent variantt
Before A 1.641 (1.523-1.764) Not applicable
A—B 1.275 (1.249-1.301) —-22.426 (-28.083 to —16.190)
B—C 0.968 (0.958-0.979) -24.008 (-25.597 to —22.302)
C—D 1.075 (1.069-1.081) 10.964 (9.753-12.243)
D—E 1.066 (1.058-1.074) -0.828 (-1.733-0.131)
E—F 1.023 (1.019-1.028) -4.021 (-4.854 to -3.145)
F—G 0.867 (0.862—-0.872) -15.232 (-15.841 to —-14.556)
G—H 1.150 (1.130-1.170) 32.629 (30.223-35.067)
H—l 1.027 (1.019-1.035) -10.789 (-12.515 to -9.077)
After | 1.040 (1.036—1.043) 1.296 (0.440-2.094)
British Columbia
Policy label/emergent variantt
Before A 1.641 (1.505-1.784) Not applicable
A—B 0.945 (0.889-1.004) -42.558 (-48.205 to —35.902)
B—C 1.069 (1.043-1.096) 13.263 (5.929-21.413)
C—D 1.042 (1.032—-1.052) -2.577 (-5.004-0.087)
D—E 1.007 (0.989-1.026) -3.333 (-5.309 to -1.139)
E—F 1.036 (1.028-1.044) 2.802 (0.796-4.972)
F—G 0.862 (0.852-0.873) -16.787 (-17.974 to -15.455)
G—H 1.240 (1.218-1.262) 43.849 (40.706-46.835)
H—l 0.984 (0.976-0.992) -20.725 (-22.297 to —19.154)
After | 1.075 (1.069-1.082) 9.364 (8.235-10.445)
Alberta
Policy label/emergent variantt
Before A 1.815 (1.614-2.031) Not applicable
A—B 1.187 (1.130-1.245) -34.710 (-42.227 to —25.800)
B—C 1.021 (1.004-1.038) -13.898 (-17.841 to —9.344)
C—D 1.056 (1.049-1.063) 3.467 (1.733-5.358)
D—E 0.945 (0.932-0.958) -10.522 (-11.882 to -9.013)
E—F 1.049 (1.040-1.057) 10.925 (9.174-12.810)
F—G 0.906 (0.898-0.913) -13.657 (-14.622 to -12.595)
G—H 1.270 (1.246-1.294) 40.273 (37.563-42.923)
H—l 0.989 (0.982-0.995) -22.172 (-23.655 to —20.689)
After | 1.101 (1.095-1.106) 11.385 (10.452—-12.280)

*Calculations performed by using the instantaneous reproduction number method as implemented in the R package EpiEstim (The R Foundation for
Statistical Computing, https://www.r-project.org). The analysis used a y-distributed serial interval (mean 4.60 days; SD 5.55 days; o = 0.05). Ry, time-

varying reproduction number.
1The labels are defined in the text and in the captions of Figures 1-3.

C) were associated with increased median R. Emer-
gence of Delta (denoted by G) and Omicron variants
(denoted by I) were associated with increased median
R,. Implementation of vaccination rollout for priority
populations (policy D) was not associated with any
change in median R. In Ontario, the most significant
increase in R, 32.63% (95% Crl 30.22%-35.07%), was
observed after the Delta variant emerged. In contrast,
the greatest decrease in R, =24.01% (95% CrI —25.60%
to —22.30%), was observed after the face covering rec-
ommendation took effect. The lowest median R, 0.87
(95% Crl, 0.86-0.87), during the study period was ob-
served after school closures in April 2021.

British Columbia

British Columbia experienced 4 major pandemic
waves during our study period with greater case bur-
den in metropolitan areas. The first surge, peaking in
November 2020, was attributed to wild-type virus;

the second, peaking in April 2021, mainly to Alpha;
the third, peaking in September 2021, to Delta; and
the fourth, peaking in December 2021, to Omicron
(Figure 2; Appendix Figures 4, 5). The case counts
during the Omicron surge in early December 2021
were substantially higher than during preceding
months. During July-November 2020, July-August
2021, and December 2021, British Columbia experi-
enced elevated R values of 1-2 (Appendix Figure 6).
As in Ontario, the median policy change R, in Brit-
ish Columbia fluctuated as policies were implemented
or rescinded and with emergence of new variants (Fig-
ure 2; Table 1). From the early cases to the day before
school closure in March 2020, a median R, of 1.64 (95%
Crl 1.51-1.78) similar to R, in Ontario was observed. In
British Columbia, initiating school closures in March
2020 and April 2021, rollout of vaccination for priority
populations and required vaccination for government
workers were policies associated with decreased median
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R. In contrast, phased school reopening was associated
with increased R. In contrast to Ontario and Alberta,
in British Columbia initiating recommendation of face
coverings was associated with slightly increased R, and
partial school reopening after the holiday break did not
substantially affect R. Delta and Omicron emergence
led to increased R. As for Ontario, British Columbia
also experienced the greatest increase in R, 43.85% (95%
Crl 40.71%-46.84%) after Delta emerged. The greatest
decrease in R, =42.56% (95% Crl —48.21% to —=35.90%),
was observed after school closures in March 2020. The
lowest median R, 0.86 (95% Crl 0.85-0.87) was achieved
after school closures in April 2021.

Alberta
Similar to British Columbia, Alberta experienced
4 major pandemic waves with greater case burden

in metropolitan areas. The first surge, peaking in
November 2020, was attributed to wild-type virus;
the second, peaking in April 2021, mainly to Alpha;
the third, peaking in September 2021, to Delta; and
the fourth, peaking in January 2022, to Omicron
(Figure 3; Appendix Figures 7, 8). As in other prov-
inces, Omicron led to the highest R in Alberta dur-
ing the study period. During September-December
2020, March-May 2021, July-September 2021, and
January 2022, Alberta experienced rising transmis-
sion rates peaking with R values of 1-2 (Appendix
Figure 9).

Fluctuations in median policy change R, in Al-
berta followed a trend similar to those observed in
Ontario and British Columbia (Figure 3; Table 1). In
Alberta, at the beginning of the study period, me-
dian R, was 1.82 (95% Crl 1.61-2.03), higher than

Figure 2. Daily incident COVID-19
case count and 7-day moving
average Rt, by date of infection

. » 4,000 and policy-change Rt or new
g % 3000 variants by initiation dates, British
=0 Columbia, Canada, January 23,
5 = 2,000 2020-January 27, 2022. Dates are
o 8 1,000 assumed infection dates (i.e., report
0 date minus 9 days); red dotted
Jan Apr Jul Oct Jan Apr Jul Oct Jan lines in panels C and D indicate
2020 2021 2022 Rt=1.A, B) Incident case count
Date of infection by date of infection for all variants
combined (A) and by variant type
B 4,000 (B). Colors indicate COVID-19
.0 variants: purple, wild-type; red,
8 % 3,000 Alpha; green, Delta; blue, Omicron;
> ; 2,000 and gray, other variants. C)
‘© = 1,000 o Sevenday moving average Rt by
Q 8 0 JMWM% ALY date of infection. D) Policy-change
Jan Apr Jul Oct Jan Apr Jul Oct Jan Rt. Policy changes or detection of
2020 2021 2022 new variants by dates of initiation:

Date of infection

A, school closure (March 14, 2020);
B, recommendation for use of face
masks (April 7, 2020); C, phased
school reopening (September

8, 2020); D, priority populations
vaccination rollout (December

18, 2020); E, partial school
reopening (January 8, 2021); F,
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federal workers (August 13, 2021);
I, increase in cases because of

the Omicron COVID-19 variant
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Figure 3. Daily incident

" 6,000 COVID-19 case count and 7-day
o9 4.000 moving average Rt, by date of
i g infection and policy-change Rt or
=z 2,000 new variants by initiation dates,
8 8 0 - _— i y Alberta, Canada, January 23,

Jan Apr  Jul Oct Jan  Apr Jul Oct Jan 2020-January 27, 2022. Dates
2020 2021 2022 are assumed infection dates
. . (i.e., report date minus 9 days);
Date of infection red dotted lines in panels C and
B D indicate Rt = 1. A, B) Incident
%) case count by date of infection
e % 6,000 for all variants combined (A)
>0 4,000 and by variant type (B). Colors
8 % 2,000 o indicate C.OVID-.19 varlants_:
c 0 M e AR purple, wildtype; red, Alpha;

Jan Apr Jul Oct Jan

2020

Apr
2021
Date of infection

MWMVJ\

green, Delta; blue, Omicron;
and gray, other variants. C)
Seven-day moving average Rt
by date of infection.D) Policy-
change Rt. Policy changes or
detection of new variants by
dates of initiation: A, school
closure (March 14, 2020); B,
recommendation for use of face
masks (April 7, 2020); C, phased
school reopening (September

Jul Oct Jan
2022

Jan Apr Jul Oct Jan Apr Jul Oct Jan 8, 2020); D, priority populations
2020 2021 2022 vaccination rollout (December
Date of infection 18, 2020); E, partial school
D reopening (January 8, 2021); F,
2.0 i school closure (April 12, 2021);
2 15 = P : G, increase in cases because
Ty = é o — of Delta COVID-19 variant (July
s¢ 10 o ; - S — 15, 2021); H, requirement of
ag o5 ®® ® L P . vaccination for federal workers
° ) aE g5 G (August 13, 2021); |, increase in
Jan Apr Jul Oct Jan Apr Jul Oct Jan cases because of the Omicron
2020 2021 2022 COVID-19 variant (November
Date of infection 15, 2021).
the initial R, in Ontario and British Columbia. Ini- R, by Variant

tiating school closures in March 2020 and April
2021, recommendation of face coverings, rollout of
vaccination for priority populations, and required
vaccination for government workers were policies
associated with decreased median R; policies that
relaxed those interventions, such as phased school
reopening and partial school reopening after holi-
day break were associated with increased median
R. Emergence of Delta and Omicron variants also
increased R.. As in other provinces, the greatest in-
crease in R, 40.27% (95% Crl 37.56%-42.92%), was
observed after emergence of Delta, whereas the most
significant decrease in R, =34.71% (95% Crl -42.23%
to —25.80%), was observed after school closures in
March 2020. Similar to other provinces, the lowest
median R, 0.91 (95% CrI 0.90, 0.91), was observed
after school closure in April 2021.

We calculated median 7-day sliding-window R
by variant for Ontario (Figure 4), British Columbia
(Figure 5), and Alberta (Figure 6). We note that each
time a new variant emerged in each province, R, was
>1: R,was 2-3 for wild-type, 1-2 for Alpha, 2 for Del-
ta, and ~3 for Omicron. Soon after this initial increase,
R, would decrease to ~1. Before wild-type, Alpha, and
Delta variants were overtaken by other variants, R,
would drop to <1.

IRR at the Provincial Level

We calculated the number of cases per 100,000 person-
days for each variant stratified by province and for
each province stratified by variant (Table 2). We ob-
served that overall, incidence rate for Omicron was
8.742 (95% CI 8.710-8.774) times that for wild-type,
which we used as referent, whereas rates were <0.7
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times those for wild-type for Delta (0.692 [95% ClI
0.689-0.695]) and Alpha (0.370 [95% CI 0.368-0.372]).
When stratified by province, variants followed simi-
lar trends, with Omicron having a higher incidence
rate and Alpha and Delta lower incidence rates than
wild-type, except in British Columbia, where the in-
cidence rate for Delta was higher than for wild-type:
IRR 1.126 (95% CI 1.116-1.137). When stratified by
variant, with British Columbia as the referent, Al-
berta had the highest IRR for all variants: wild-type,
1.927 (95% CI 1.912-1.943); Alpha, 1.734 (95% CI
1.711-1.757); Delta, 1.664 (95% CI 1.649-1.678); and
Omicron, 1.827 (95% CI 1.801-1.832). Next highest
IRRs were for Ontario for all variants except Delta,
for which the IRR was 0.519 (95% CI 0.514, 0.524).
For all variants combined, with British Columbia
as the referent, Alberta (1.799 [95% CI 1.790, 1.807])
had a higher IRR than Ontario (1.117 [95% CI 1.112,
1.121]) (Appendix Tables 8, 9).

Discussion

We found that daily incident case count and R, fluc-
tuations during the study period followed trends
consistent across the 3 provinces (Figures 1-3).
COVID-19 case count was highest in Ontario, fol-
lowed by Alberta and British Columbia (Table 2). All
3 provinces experienced surges in case counts and in-
creased R after Delta and Omicron variants emerged.
Nationwide interventions included school closures,
face mask recommendations, and rollout of vaccina-
tion for priority populations. Our results showed that
these interventions were associated with lowered R,
which in turn decreased COVID-19 burden. Across
the 3 provinces, the school closure policy in April 2021
(policy F) corresponded with the lowest R, during the
study period; that decrease underscores the fact that
social distancing, in addition to other interventions,
can play a substantial role in mitigating spread. How-
ever, school closure alone was insufficient to miti-

Figure 4. Seven-day sliding-

A 6 window R by COVID-19 variant
4 in Ontario, Canada, January
" 23, 2020-January 27, 2022. A)
2 J\XWW\/\N Wild-type; B) Alpha; C) Delta; D)
0 ’ ' NNV Omicron. We estimated infection
Jan Apr Jul Oct Jan Apr Jul Oct Jan dates by subtracting 9 days from
2020 2021 2022 report dates. Red dotted lines
. . indicate R = 1.
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Figure 5. Seven-day sliding-
window R by COVID-19
variant in British Columbia,
Canada, January 23, 2020—
January 27, 2022. A) Wild-
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gate transmission (29,30). Our results were consistent
with previous studies that suggested mandating face
masks (4,31), physical distancing (5), shelters in place
(32), and school closures (33) have been powerful tools
for controlling the pandemic. Our study confirms the
critical role of high compliance by affected popula-
tions towards nonpharmaceutical interventions and
other recommended measures for pandemic control
before vaccines became available (34). Even after vac-
cine availability, emergence of new variants led to
surges with R, >1. Exhausting the numbers of suscep-
tible persons during case surges led to declines in R..

Policy effectiveness was influenced by variant
prevalence at any given time. In agreement with pre-
vious studies (35-37), our study showed that most
cases in July-December 2021 were attributed to the
Delta variant and in December 2021-January 2022 to
the Omicron variant. R increased in all 3 provinces
after emergence of Delta (label G). However, despite

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024

having the highest Delta case count, for persons in
Ontario, risk of contracting Delta was least across the
3 provinces (Table 2). Also, in contrast with the other
2 provinces, emergence of Omicron did not substan-
tially affect the policy change R, in Ontario. Although
Ontario, with its larger population, accounted for
more than half of all cases across the 3 provinces, Al-
berta had the highest total IRR, indicating that resi-
dents had the highest risk for COVID-19 among the
3 provinces despite enacting similar mitigation poli-
cies. Attitudes and behaviors toward COVID-19 pre-
ventive measures could explain the higher total IRR
in Alberta. For example, according to 1 study, dur-
ing the COVID-19 pandemic, Alberta had the high-
est percentage of antivaccination posts (i.e., tweets)
in Canada on the social media site Twitter (now X;
https:/ / twitter.com) (38).

After school closures in March 2020, British Colum-
bia was the only one of the 3 provinces that experienced
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a drastic decrease in the policy change R, from 1.64 to
0.95 (Table 1). After the World Health Organization
pandemic declaration on March 11, 2020, British Colum-
bia was the first province to implement stringent pub-
lic health responses and declare an outbreak (39). Also,
among the 3 provinces, the highest Oxford Stringency
Index score, a measure of adoption of government-rec-
ommended policies, was observed in British Columbia
both before and after the outbreak declaration (39).

The high incidence rate for Omicron compared
with wild-type could be attributed to the high con-
tagiousness of Omicron and its ability to evade nat-
urally acquired immunity against previous strains
(40,41). The lower-than-expected IRR for Alpha might
be attributable to the long duration when the variant
was prevalent but not the dominant strain; higher
person-time under observation for Alpha could have
accounted for the lower incidence rate.

Among limitations in our study, the original data
lacked information on date of infection; to account for

that missing information, following a simple acceptable
method (42), we estimated the approximate date of in-
fection by subtracting 9 days (sum of the median delay
in reporting and the mean incubation period) from the
report date. Second, we assumed the same case-detec-
tion rate across provinces. However, if this assump-
tion did not hold, our case burden findings would be
skewed. Third, for policy change R, we used dates of
specific major policy changes as cutoff points for each
time period. Inaddition, because >1 nonpharmaceutical
intervention could be in effect during the same period,
we could not attribute changes in R, solely to a single
policy change. Fourth, we could not adjust our results
to account for differences in levels of policy compli-
ance because those data were not accessible to us. Fifth,
potential variation in the availability of COVID-19
testing across the study period and among provinces
could affect the daily incident case count reported and
thus affect R estimates. Sixth, we a priori defined an SI
distribution for estimating R . Therefore, we could not

Figure 6. 7-day sliding-window

A 6 R, by COVID-19 variant in
4 Alberta, Canada, January 23,
o 2020-January 27, 2022. A)
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Table 2. Number of days observed, cumulative case count, cumulative case count per 100,000 person-days, and incidence rate ratio
between variants by province, and between provinces by variant in 3 provinces of Canada (Ontario, British Columbia, and Alberta)
during January 23, 2020—January 27, 2022*

Category Alberta British Columbia Ontario Overall
Population size, 2021 4,262,635 5,000,879 14,223,942 23,487,456
No. days observed
Variant
Wild-type 562 573 572 Not applicable
Alpha 602 602 602 Not applicable
Delta 460 460 460 Not applicable
Omicron 68 68 68 Not applicable
Cumulative case count
Variant
Wild-type 146,910 91,170 337,299 575,379
Alpha 54,621 36,951 133,162 224,734
Delta 116,902 82,441 121,710 321,053
Omicron 141,661 91,491 366,495 599,646
Total (%) 460,094 (26.74) 302,053 (17.55) 958,666 (55.71) 1,720,812 (100)
Cumulative case count per 100,000 person-days
Variant
Wild-type 6.13 3.18 4.15 4.29
Alpha 2.13 1.23 1.56 1.59
Delta 5.96 3.58 1.86 2.97
Omicron 48.87 26.90 37.89 37.54
Total 6.38 3.45 3.96 4.31
IRR between variant by province
Variant
Wild-type (95% ClI) Referent Referent Referent Referent

Alpha (95% Cl)
Delta (95% Cl)
Omicron (95% ClI)

0.347 (0.344-0.351)t
0.972 (0.965-0.980)t
7.969 (7.911-8.028)t

0.386 (0.381-0.390)t 0.375 (0.373-0.378)t
1.126 (1.116-1.137)1 0.449 (0.446-0.452)t
8.456 (8.379-8.534)t 9.140 (9.097-9.183)t

0.370 (0.368-0.372)t
0.692 (0.689-0.695)t
8.742 (8.710-8.774)t

IRR between province by variant
Variant

Wild-type (95% ClI) 1.927 (1.912—-1.943)t Referent 1.303 (1.294-1.313)t Not applicable
Alpha (95% CI) 1.734 (1.711-1.757)t Referent 1.267 (1.252-1.282)t Not applicable
Delta (95% CI) 1.664 (1.649-1.678)t Referent 0.519 (0.514-0.524)t Not applicable
Omicron (95% ClI) 1.827 (1.801-1.832)t Referent 1.408 (1.398-1.419)t Not applicable
Overall (95% CI) 1.799 (1.790-1.807)t Referent 1.117 (1.112-1.121)t Not applicable

*IRR, incidence rate ratio.
1p<0.0001.

assess changes in SI because we lacked information on
infector-infectee pairs. SI for SARS-CoV-2 could have
been shortened over time by use of nonpharmaceutical
interventions (43). We also did not assess the possibility
of variant-specific SI distribution. Seventh, case count
data reflected only the subset of SARS-CoV-2 infections
testing positive, because many asymptomatic or mildly
symptomatic infected persons were never tested. We
attempted to demonstrate the effects of that uncertainty
in our 7-day sliding-window R, estimates through sen-
sitivity analysis (Appendix Figures 3, 6, and 9). Eighth,
lacking population data by public health district, we
could not calculate incidence rates by district, which
limited the scope of our analysis. Ninth, calculations of
provincial variant incidence rates might have been in-
fluenced by the subjectively chosen length of duration
for variant surges, which we based on the number of
days from the index to the last reported cases for each
variant in each province. Tenth, ecologic fallacy is pos-
sible in a study such as ours using aggregated data; as-
sociation does not demonstrate causality.

In conclusion, we observed substantial fluctuations
in R for COVID-19 across 3 provinces in Canada during
January 2020-January 2022. Our findings showed that
initiating pandemic policies, such as recommendations
for face coverings, school closures, and rollout of vac-
cination for priority populations, were associated with
decreases in R. Conversely, relaxing mask mandates
and reopening schools were associated with increases
in R, especially in conjunction with emergence of new
SARS-CoV-2 variants. As mutated variants continue to
emerge, public health authorities must remain vigilant
to adapt mitigation, testing, and treatment strategies.

About the Author

Mx. Kehoe is a DrPH student in epidemiology at the
Georgia Southern University Jiann-Ping Hsu College of
Public Health with research interests in infectious disease
modeling, behavioral impacts on infectious disease
transmission, and the intersection of social justice and
mental health epidemiology. Dr. Mallhi earned her DrPH
in epidemiology from the Georgia Southern University

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024 965



RESEARCH

Jiann-Ping Hsu College of Public Health in December 2023.

Her research interests include chronic disease epidemiology

and women’s health.

References

1.

10.

11.

12.

13.

14.

966

Khan M, Adil SF, Alkhathlan HZ, Tahir MN, Saif S, Khan M,
et al. COVID-19: a global challenge with old history,
epidemiology and progress so far. Molecules. 2020;26:39.
https://doi.org/10.3390/ molecules26010039

Centers for Disease Control and Prevention. SARS-COV-2
variant classifications and definitions [cited 2022 May 3].
https:/ /www.cdc.gov/coronavirus/2019-ncov/ variants/
variant-classifications.html

Sah P, Vilches TN, Moghadas SM, Fitzpatrick MC, Singer BH,
Hotez PJ, et al. Accelerated vaccine rollout is imperative to
mitigate highly transmissible COVID-19 variants.
EClinicalMedicine. 2021;35:100865. https:/ /doi.org/10.1016/
j-eclinm.2021.100865

Karaivanov A, Lu SE, Shigeoka H, Chen C, Pamplona S. Face
masks, public policies and slowing the spread of COVID-19:
evidence from Canada. ] Health Econ. 2021;78:102475.
https://doi.org/10.1016/j.jhealeco.2021.102475

Tuite AR, Greer AL, De Keninck S, Fisman DN. Risk for
COVID-19 resurgence related to duration and effectiveness
of physical distancing in Ontario, Canada. Ann Intern Med.
2020;173:675-8. https:/ /doi.org/10.7326 /M20-2945

Tuite AR, Fisman DN, Greer AL. Mathematical modelling

of COVID-19 transmission and mitigation strategies in the
population of Ontario, Canada. CMA]J. 2020;192:E497-505.
https://doi.org/10.1503 / cmaj.200476

Yuan P, Li], Aruffo E, Gatov E, Li Q, Zheng T, et al. Efficacy
of a “stay-at-home” policy on SARS-CoV-2 transmission in
Toronto, Canada: a mathematical modelling study. CMA]
Open. 2022;10:E367-78. https:/ /doi.org/10.9778/
cmajo.20200242

Adeyinka DA, Neudorf C, Camillo CA, Marks WN,
Muhajarine N. COVID-19 vaccination and public health
countermeasures on variants of concern in Canada: evidence
from a spatial hierarchical cluster analysis. JMIR Public Health
Surveill. 2022;8:31968. https:/ /doi.org/10.2196/31968
Périnet S, Cadieux G, Mercure SA, Drouin M, Allard R.
Analysis of COVID-19 risk following a ring vaccination
intervention to address SARS-CoV-2 alpha variant transmission
in Montreal, Canada. JAMA Netw Open. 2022;5:€2147042.
https:/ /doi.org/10.1001/jamanetworkopen.2021.47042

Fung IC-H, Hung YW, Ofori SK, Muniz-Rodriguez K,

Lai P-Y, Chowell G. SARS-CoV-2 transmission in Alberta,
British Columbia, and Ontario, Canada, December 25, 2019,
to December 1, 2020. Disaster Med Public Health Prep.
2021;16:1-10.

Government of Ontario. Confirmed positive cases of COVID-19
in Ontario [cited 2022 Jan 28]. https:/ / data.ontario.ca/
dataset/ confirmed-positive-cases-of-covid-19-in-ontario
Ontario Health. Annual business plan 2022/23 [cited 2023
Feb 6]. https:/ /www.ontariohealth.ca/sites/ ontariohealth/
files/2022-05/ OHBusinessPlan22_23.pdf

British Columbia Centre for Disease Control. Archived BC
COVID-19 data [cited 2022 Jan 28]. http:/ /www.bccdc.ca/
health-info/ diseases-conditions/ covid-19/archived-b-c-
covid-19-data

Government of British Columbia. Regional health authorities
[cited 2022 Sep 10]. https:/ /www2.gov.bc.ca/gov/content/
health/about-bc-s-health-care-system/ partners/health-
authorities / regional-health-authorities

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Government of Alberta. COVID-19 Alberta statistics

2020 [cited 2022 Jan 28]. https:/ /web.archive.org/
web/20220128231728 / https:/ /www.alberta.ca/stats/
covid-19-alberta-statistics.htm

Alberta Health Services. AHS map and zone overview.
2020-21: report to the community [cited 2022 Sep 10].

https:/ /www.albertahealthservices.ca/assets/about/
publications/ahs-ar-2021/zones.html

Government of Canada, Department of Justice, Electronic
Communication. Government of Canada’s response to
COVID-19 [cited 2022 May 2]. https:/ /www justice.gc.ca/
eng/ csj-sjc/ covid.html#shr-pg0

Canadian Institute of Health Information. Canadian COVID-19
intervention timeline [cited 2022 May 2]. https:/ /www.cihi.ca/
en/covid-19-intervention-timeline-in-canada

Upper Canada District School Board. 2021-2022 school year
calendar [cited 2022 May 18]. https:/ /web.archive.org/
web/20220518125851 / https:/ /www.ucdsb.on.ca/
for_families/school_year_calendar

Government of Canada. COVID-19 epidemiology update
[cited 2022 May 2]. https:/ /health-infobase.canada.ca/
covid-19/ epidemiological-summary-covid-19-cases.html
Guerra FM, Bolotin S, Lim G, Heffernan ], Deeks SL, Li Y,

et al. The basic reproduction number (R ) of measles: a
systematic review. Lancet Infect Dis. 2017;17:e420-8.

https:/ /doi.org/10.1016/S1473-3099(17)30307-9

Ogwara CA, Mallhi AK, Hua X, Muniz-Rodriguez K,
Schwind JS, Zhou X, et al. Spatially refined time-varying
reproduction numbers of COVID-19 by health district in
Georgia, USA, March-December 2020. Epidemiologia
(Basel). 2021;2:179-97. https:/ / doi.org/10.3390/
epidemiologia2020014

Cori A, Ferguson NM, Fraser C, Cauchemez S. A new
framework and software to estimate time-varying
reproduction numbers during epidemics. Am ] Epidemiol.
2013;178:1505-12. https:/ /doi.org/10.1093/aje/ kwt133
Thompson RN, Stockwin JE, van Gaalen RD, Polonsky JA,
Kamvar ZN, Demarsh PA, et al. Improved inference of
time-varying reproduction numbers during infectious
disease outbreaks. Epidemics. 2019;29:100356.
https://doi.org/10.1016/j.epidem.2019.100356

You C, Deng Y, Hu W, Sun J, Lin Q, Zhou F, et al. Estimation
of the time-varying reproduction number of COVID-19
outbreak in China. Int ] Hyg Environ Health. 2020;228:
113555. https:/ / doi.org/10.1016/j.ijheh.2020.113555

Centers for Disease Control and Prevention. Estimated
COVID-19 burden [cited 2022 Aug 28]. https:/ /stacks.cdc.gov/
view/cdc/117147

Centers for Disease Control and Prevention. COVID-19 pandemic
planning scenarios [cited 2022 Aug 28]. https:/ /www.cdc.gov/
coronavirus/2019-ncov/hcp/ planning-scenarios.html
Statistics Canada. Census profile, 2021 census of population
[cited 2022 June 25]. https:/ /www12.statcan.gc.ca/
census-recensement/2021/dp-pd/ prof/index.cfm

Esposito S, Principi N. School closure during the coronavirus
disease 2019 (COVID-19) pandemic: an effective intervention
at the global level? JAMA Pedjiatr. 2020;174:921-2.

https:/ /doi.org/10.1001/jamapediatrics.2020.1892

Lee B, Raszka WV Jr. COVID-19 transmission and children:
the child is not to blame. Pediatrics. 2020;146:2020004879.
https://doi.org/10.1542/ peds.2020-004879

Ueki H, Furusawa Y, Iwatsuki-Horimoto K, Imai M,

Kabata H, Nishimura H, et al. Effectiveness of face masks

in preventing airborne transmission of SARS-CoV-2.
MSphere. 2020;5:e00637-20. https:/ /doi.org/10.1128/
mSphere.00637-20

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024



32. FeymanY, Bor ], Raifman ], Griffith KN. Effectiveness of
COVID-19 shelter-in-place orders varied by state. PLoS
One. 2020;15:€0245008. https:/ /doi.org/10.1371/
journal.pone.0245008

33. Abdollahi E, Haworth-Brockman M, Keynan Y, Langley JM,
Moghadas SM. Simulating the effect of school closure
during COVID-19 outbreaks in Ontario, Canada. BMC Med.
2020;18:230. https:/ /doi.org/10.1186/s12916-020-01705-8

34. Kwok KO, Li KK, Tang A, Tsoi MTF, Chan EYY, Tang JWT,
et al. Psychobehavioral responses and likelihood of
receiving COVID-19 vaccines during the pandemic, Hong
Kong. Emerg Infect Dis. 2021;27:1802-10. https:/ /doi.org/
10.3201/eid2707.210054

35. Mohapatra RK, Tiwari R, Sarangi AK, Sharma SK,

Khandia R, Saikumar G, et al. Twin combination of
Omicron and Delta variant triggering a tsunami wave

of ever high surges in COVID-19 cases: a challenging
global threat with a special focus on Indian sub-continent.
J Med Virol. 2022;94:1761-5. https:/ /doi.org/10.1002/
jmv.27585

36. Klompas M, Karan A. Preventing SARS-CoV-2 transmission
in health care settings in the context of the Omicron
variant. JAMA. 2022;327:619-20. https:/ /doi.org/10.1001/
jama.2022.0262

37. Wee LE, Ko KK-K, Conceicao EP, Sim JX-Y, Rahman NA,
Tan SY-L, et al. Linking sporadic hospital clusters during a
community surge of the severe acute respiratory coronavirus
virus 2 (SARS-CoV-2) B. 1.617. 2 Delta variant: the utility of
whole-genome sequencing. Infect Control Hosp Epidemiol.
2023;44:1014-8.

38. To QG, To KG, Huynh VN, Nguyen NT, Ngo DT, Alley S,
et al. Anti-vaccination attitude trends during the COVID-19
pandemic: a machine learning-based analysis of tweets.
Digit Health. 2023;9:20552076231158033. https:/ / doi.org/
10.1177/20552076231158033

39. McCoy LG, Smith ], Anchuri K, Berry I, Pineda J,

Harish V, et al.; COVID-19 Canada Open Data Working
Group: Non-Pharmaceutical Interventions. Characterizing
early Canadian federal, provincial, territorial and

municipal nonpharmaceutical interventions in response to
COVID-19: a descriptive analysis. CMA] Open. 2020;8:E545-
53. https:/ /doi.org/10.9778 / cmajo.20200100

40. Okpeku M. Possibility of COVID-19 eradication with
evolution of a new Omicron variant. Infect Dis Poverty.
2022;11:30. https:/ / doi.org/10.1186 /540249-022-00951-7

41. Pulliam JRC, van Schalkwyk C, Govender N, von Gottberg A,
Cohen C, Groome M]J, et al. Increased risk of SARS-CoV-2
reinfection associated with emergence of Omicron in South
Africa. Science. 2022;376:eabn4947. https:/ /doi.org/10.1126/
science.abn4947

42, Gostic KM, McGough L, Baskerville EB, Abbott S, Joshi K,
Tedjijanto C, et al. Practical considerations for measuring
the effective reproductive number, Rt. PLOS Comput
Biol. 2020;16:€1008409. https:/ /doi.org/10.1371/journal.
pcbi. 1008409

43. AliST, Wang L, Lau EHY, Xu X-K, Du Z, Wu Y, et al.

Serial interval of SARS-CoV-2 was shortened over time by
nonpharmaceutical interventions. Science. 2020;369:1106-9.
https:/ /doi.org/10.1126 / science.abc9004

SARS-CoV-2 Transmission, Canada, 2020-2022

Address for correspondence: Isaac Chun-Hai Fung, PO Box 7989,
Department of Biostatistics, Epidemiology and Environmental
Health Sciences, Jiann-Ping Hsu College of Public Health,
Georgia Southern University, Statesboro, GA 30460, USA;

email: cfung@georgiasouthern.edu

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024

EID Podcast:

Animal Reservoirs
for Emerging
Coronaviruses

Coronaviruses are nothing new. Discovered
in the 1930s, these pathogens have circulat-
ed among bats, livestock, and pets for years.

Most coronaviruses never spread to people.
However, because this evolutionary branch
has given rise to three high-consequence
pathogens, researchers must monitor ani-
mal populations and find new ways to pre-
vent spillover to humans.

In this EID podcast, Dr. Ria Ghai, an asso-
ciate service fellow at CDC, describes the
many animals known to harbor emerging
coronaviruses.

Visit our website to listen:
https://go.usa.gov/x6WtY

EMERGING
INFECTIOUS DISEASES

967



RESEARCH

Economic Burden of Acute
Gastroenteritis among Members
of Integrated Healthcare Delivery
System, United States, 2014—-2016

John F. Dickerson, Suzanne B. Salas, Judy Donald, Holly C. Groom,
Mi H. Lee, Claire P. Mattison, Aron J. Hall, Mark A. Schmidt

We conducted a large surveillance study among mem-
bers of an integrated healthcare delivery system in Pacific
Northwest of the United States to estimate medical costs
attributable to medically attended acute gastroenteritis
(MAAGE) on the day care was sought and during 30-
day follow-up. We used multivariable regression to com-
pare costs of MAAGE and non-MAAGE cases matched
on age, gender, and index time. Differences accounted
for confounders, including race, ethnicity, and history of
chronic underlying conditions. Analyses included 73,140
MAAGE episodes from adults and 18,617 from children
who were Kaiser Permanente Northwest members dur-
ing 2014-2016. Total costs were higher for MAAGE cas-
es relative to non-MAAGE comparators as were costs
on the day care was sought and costs during follow-up.
Costs of MAAGE are substantial relative to the cost of
usual-care medical services, and much of the burden ac-
crues during short-term follow-up.

Medically attended  acute  gastroenteritis
(MAAGE) is a substantial driver of health ser-
vices use by patients, accounting for >10 million
outpatient encounters and 1 million hospitalizations
each year (1,2). Initial MAAGE encounters in pri-
mary care and urgent need departments impart an
immediate burden on healthcare systems (3). In ad-
dition, MAAGE-related hospitalizations may persist
for multiple days, and patients may return for addi-
tional MAAGE services if symptoms worsen or fail to

Author affiliations: Center for Health Research, Kaiser
Permanente Northwest, Portland, Oregon, USA (J.F. Dickerson,
S.B. Salas, J. Donald, H.C. Groom, M.H. Lee, M.A. Schmidt);
Cherokee Nation Assurance, Arlington, Virginia, USA

(C.P. Mattison); Centers for Disease Control and Prevention,
Atlanta, Georgia, USA (C.P. Mattison, A.J. Hall)

DOI: http://doi.org/10.3201/eid3005.230356

968

abate. Determining the financial impact of MAAGE
on health systems and their members would provide
important information about the potential value of in-
terventions targeting acute gastroenteritis (AGE).
Several studies in Europe and the United States
have evaluated the costs of AGE and of MAAGE,
with a focus on the costs attributable to the onset and
duration of an MAAGE episode. Researchers in Bel-
gium estimated that MAAGE episodes accounted for
direct costs of €112 million ($126 million in 2017 US
dollars) in Belgium annually (4), and researchers in
Switzerland estimated that healthcare costs resulting
from AGE in combination with campylobacteriosis
amounted to €29-45 million ($33-51 million in 2017
US dollars) in Switzerland annually (5). A study esti-
mating the impact of MAAGE among a managed care
population in the United States estimated a substan-
tial annual burden of MAAGE episodes to health sys-
tems of $3.88 billion and demonstrated that the costs
attributed to AGE increased ~26% during 2006-2011
(6). However, those prior studies did not include sub-
sequent, short-term costs attributable to AGE through
exacerbation of underlying conditions or illnesses or
services for lingering symptoms or sequelae. As has
been recently shown (7), much of the burden associat-
ed with an AGE episode could be experienced during
the short-term follow-up period. Given the high prev-
alence of MAAGE encounters and the acute need for
medical resources to treat AGE episodes, additional
data on short-term costs would help to more com-
prehensively quantify the economic costs of MAAGE
encounters and assess potential economic benefits of
prevention of or early intervention in AGE episodes.
We evaluated the economic burden of MAAGE
on a fully integrated healthcare delivery system serv-
ing members residing in the Pacific Northwest of the
United States. As part of a large surveillance study
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of AGE, we quantified initial medical expenditures
at the time care was sought, as well as all ongoing
short-term medical costs during a 30-day follow-up
period (8). We used data from electronic health re-
cords (EHR) of health system members identified
with MAAGE and of matched members without
MAAGE who had a health system visit (either out-
patient, emergency, or telephone encounters) during
the same time period, with the aim of estimating both
the same-day and incremental 30-day health care ex-
penditures associated with MAAGE. We evaluated
health care expenditures separately for children and
adults and further stratified analyses by age among
both children (0-4 years and 5-17 years) and adults
(18-64 years and 265 years).

Methods

Data Source

We used EHR data from Kaiser Permanente North-
west (KPNW), a fully integrated health care delivery
system serving =~616,000 medical members located
primarily in Oregon and southwest Washington.
Those data, stored in the research data warehouse at
the KPNW Center for Health Research in Oregon con-
tained information on diagnoses, physical findings,
tests, procedures, medications, insurance enrollment,
claims, state mortality records, and census-derived
neighborhood characteristics. Medical care costs for
all expenses except for pharmacy dispensing were es-
timated using the standardized relative resource cost
algorithm (9); pharmacy retail costs were obtained
from internal health plan data. Algorithm cost esti-
mate outcomes for healthcare utilization approximate
those using Medicare fee schedules, and internal
pharmacy cost estimates are similar to retail prices
within the local community. Cost estimates represent
the total costs to the health system. The Institutional
Review Board at Kaiser Permanente Northwest ap-
proved the study.

Study Design and Population

The parent study was designed to estimate all-age,
population-based incidence rates of norovirus and
other pathogens that contribute to AGE in the United
States by using an integrated healthcare delivery sys-
tem as a surveillance platform (8). Using a subset of
these data, we conducted a retrospective cohort study
of all MAAGE cases identified through the surveillance
program along with a comparable group of KPNW
medical members who were free from MAAGE for at
least 3 months before any non-MAAGE index medical
encounter within the health system.
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Cases

All MAAGE case-patients who sought care during
April 1, 2014-September 30, 2016, within the health
system were identified using an EHR-based auto-
mated extraction program searching for MAAGE-
related encounters as identified through codes from
the International Classification of Diseases (ICD), 9th
Revision (ICD-9) or 10th Revision (ICD-10) and stan-
dardized variables from the EHR (8). Case-patients
could be included more than once if they had sepa-
rate, distinct episodes of MAAGE separated by >30
days. Episodes of MAAGE represented a continuous
illness and could include multiple MAAGE-related
encounters. Inclusion and exclusion criteria were
minimal at the case-identification stage of the proj-
ect: patients had to be medical members at the time
of the encounter, which served as their index visit;
have an ICD-9 or ICD-10 diagnosis related to AGE at
an outpatient, urgent care, emergency department,
or inpatient encounter; or have a chief complaint of
AGE at a telephone encounter (video telehealth vis-
its were uncommon in the health system during this
time period). The only patients excluded were those
who opted out of research studies during insurance
registration (=0.2% of the KPNW population).

Comparators

We selected comparators retrospectively and matched
them to MAAGE cases at a 1:1 ratio. As with study
cases, comparators had to be current medical mem-
bers at the time of an index healthcare encounter and
were excluded if they had opted out of research. We
also required comparators to have no indication of
MAAGE in the 3 months before their index encoun-
ter. We chose to require comparators to have an index
encounter rather than selecting from the general pop-
ulation to minimize the risk of bias from barriers to
health services access. It is important to note, howev-
er, that the comparison of MAAGE in these analyses
is specific to a similar health services-seeking popu-
lation rather than to the general population. Any
non-MAAGE-related visit within the medical system
qualified as an index visit. For adults 218 years of age
at their index encounter, comparators were matched
to cases based on gender, age (¥2.5 years), and the
timing of the index visit (+£3 months). We used the
same criteria for children but with closer matching on
age: children <2 years were matched on month of age,
and children >2 years were matched on year of age. A
single healthcare encounter for each comparator was
selected randomly from eligible encounters, which
was used as their index encounter, and we matched
without replacement.
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Study Outcomes and Control Variables

Study outcomes were all-cause health system costs on
the day of and for 30 days after the index encounter,
as well as the sum total of costs over these 2 specified
times. We also examined separately the total outpa-
tient and pharmacy costs associated with each index
encounter and the 30 days after.

We selected control variables that were the most
likely observable confounders between MAAGE
categorization and health services use: indicators of
a history of cancer or diabetes, and diseases of the
blood, heart, immune system, kidney, liver, lung,
metabolism, or brain. Although we expected lower
prevalence among children, we selected the same
confounding variables in analyses of both adults and
children. We also included self-reported race and eth-
nicity, as available in the EHR.

Statistical Analyses
We conducted statistical analyses by using SAS software
version 9.4 (SAS Institute, Inc., https:/ /www.sas.com).
We conducted separate analyses for adults (>18 years of
age) and children (<17 years of age). We performed ad-
ditional analyses, including analyzing data by smaller
age subsets (0-4 years, 5-17 years, 18-64 years, and 265
years). We compared baseline characteristics between
cases and comparators by using ¥ tests for categorical
variables and f-tests for continuous variables.

We modeled outcomes by using general linear
models with a gamma distribution and a log link. Cost

data are typically nonnormal and highly skewed, and
those models can well accommodate these types of data.
All comparisons accounted for the matching structure
of the data and potential clustering within persons (for
cases with >1 MAAGE episode). We calculated and
presented adjusted mean differences (AMDs), which
are model-based estimates of the mean difference be-
tween cases and comparators (MAAGE-comparator),
adjusting for the likely confounders included in regres-
sion models. We calculated quasi-likelihood modifi-
cations to the Akaike Information Criteria (QICs) as
model goodness of fit statistics (10,11).

Our primary analyses included all cases and
matched comparators. Because we anticipated outli-
ers in the data, we conducted sensitivity analyses to
identify and exclude overly influential outliers (12) to
determine their influence on our primary analyses.
All tests of statistical inference used a 2-sided a = 0.05.

Results

Adults

We compiled the baseline characteristics of adult
MAAGE cases and matched comparators (Table
1). The mean age of adult cases was 51.6 years (SD
+19.4) and the mean age of adult comparators was
50.8 years (SD +19.4). The adult study sample was
approximately two thirds female and one third male;
63.7% of case-patients and 63.6% of comparators were
female. There were significant differences between

Table 1. Demographic characteristics and underlying conditions among adult medically attended acute gastroenteritis case-patients
and age- and gender-matched comparators in an integrated health system in the Pacific Northwest of the United States, April 1, 2014—

September 30, 2016*

EHR-derived measures Case-patients, n = 31,865t Comparators, n = 34,265 p valuef
Age, y, mean (+SD) 51.6 (19.4) 50.8 (19.4) <0.0001
Sex, %
F 63.7 63.6 NA
M 36.3 36.4 NA
Race/ethnicity, %
Hispanic 71 6.7 <0.001
Non-Hispanic White 82.4 81.3 <0.001
Non-Hispanic other race 8.9 9.9 <0.001
Unknown 1.6 21 <0.001
Comorbidity, %§
Blood disease 4.3 2.9 <0.0001
Cancer 5.0 4.7 0.277
Diabetes 14.4 11.2 <0.0001
Heart disease 18.2 15.0 <0.0001
Immune disease 4.3 3.0 <0.0001
Kidney disease 10.6 8.5 <0.0001
Liver disease 21 1.3 <0.0001
Lung disease 13.0 9.7 <0.0001
Metabolic disease 21.7 17.7 <0.0001
Neurologic disease 10.2 7.7 <0.0001

*All participants were Kaiser Permanente Northwest medical members, 218 y of age, with 21 encounter at the time of the study. EHR, electronic health

records; NA, not applicable.

tCorresponds to 36,117 episodes; 2,758 MAAGE cases are comparators at some time in the study.

tPaired t-test or y? test.

§Percentage with diagnosis codes from the International Classification of Diseases, 9th Revision or 10th Revision, in the 12 mo before index encounter date.
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Table 2. Demographic characteristics and underlying conditions among pediatric medically attended acute gastroenteritis case-
patients and age- and gender-matched comparators in an integrated health system in the Pacific Northwest of the United States,

April 1, 2014-September 30, 2016*

EHR-derived measures MAAGE cases, n = 8,558t Comparators, N = 8,580 p valuef
Mean age, y (+SD) 6.0 (5.2) 6.3 (5.3) <0.001
Sex, %
F 47.0 471 NA
M 53.0 52.9 NA
Race/ethnicity, %
Hispanic 18.0 11.7 <0.001
Non-Hispanic White 63.5 70.2 <0.001
Non-Hispanic other race 15.0 14.3 <0.001
Unknown 35 3.8 <0.001
Comorbidity, %8
Blood disease 0.7 0.6 0.384
Cancer 0.2 0.3 0.547
Diabetes 0.4 0.5 0.651
Heart disease 14 15 0.524
Immune disease 0.4 0.3 0.047
Kidney disease 0.4 0.4 0.800
Liver disease 0.02 0.03 0.655
Lung disease 8.1 6.6 <0.001
Metabolic disease 0.7 0.8 0.528
Neurologic disease 1.8 2.0 0.317

*All participants were Kaiser Permanente Northwest medical members, <18 y of age, with 21 encounter at the time of the study. EHR, electronic health

records; NA, not applicable

tCorresponds to 9,203 episodes; 834 MAAGE cases were comparators at some time in the study

tPaired t-test or y? test.

§Percentage with diagnosis codes from the International Classification of Diseases, 9th Revision or 10th Revision, in the 12 mo before index encounter date.

adult cases and comparators in race and ethnicity and
in almost all underlying conditions, except cancer;
case-patients were somewhat more likely than com-
parators to be Hispanic or non-Hispanic White and
having higher rates of all underlying conditions.

Regression analyses of costs among adults (Ap-
pendix Table 1, https:/ /wwwnc.cdc.gov/eid/article/
30/5/23-0356-Appl.pdf) revealed that costs were high-
er for MAAGE cases than comparators both on the day
of their index encounter (AMD = $140; p<0.001) as well
as during the 30-day follow-up period (AMD = $296;
p<0.001). Accordingly, cases had higher total costs than
comparators (AMD = $451; p<0.001). Category-specific
costs were higher for cases than comparators in both the
outpatient (AMD = $111; p<0.001) and pharmaceutical
(AMD = $262; p<0.001) categories.

Differences between adult case-patients and
comparators were consistently significantly higher in
both the younger (18-64 years) and older (265 years)
age groups. Comparing case-patients to compara-
tors among older adults (265 years), total costs were
higher (AMD = $599; p<0.001), both at the index date
(AMD = $84; p = 0.004) and during the 30-day follow-
up (AMD = $526; p<0.001). We also found that out-
patient costs were higher (AMD = $114; p<0.001) as
were pharmacy costs (AMD = $280; p<0.001), among
cases involving older patients as compared with their
comparator counterparts.

Comparing cases to comparators among young-
er adults, we found that total costs were higher
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(AMD = $361; p<0.001), both at the index date
(AMD = $152; p<0.001) and during the 30-day
follow-up (AMD = $196; p<0.001). We also found
that outpatient costs were higher (AMD = $106;
p<0.001), as were pharmacy costs (AMD = $235;
p<0.001), among the younger cases as compared
with the comparator patients. Sensitivity analyses
identified 2 overly influential outliers in the total
cost model and 2 overly influential outliers in the
pharmacy cost model. In neither case did removal
of those observations substantively change the re-
sults; p values remained the same, and the coeffi-
cients reduced by 0.8% in the total cost model and
0.3% in the pharmacy cost model.

Children

We compiled baseline characteristics for child
MAAGE cases and matched comparators (Table 2).
The mean age of child case-patient s was 6.0 years
(SD +5.2) and the mean age of child comparators was
6.3 years (SD +5.3). Forty-seven percent of case-pa-
tients and 47.1% of comparators were female; 53% of
case-patient s and 52.9% of comparators were male.
There were significant differences between child case-
patients and comparators in race and ethnicity. Child
case-patients were more likely to be Hispanic or non-
White than comparators. Child case-patients were
also more likely than comparators to have lung dis-
ease, although there were no significant differences in
other underlying conditions.

971



RESEARCH

Regression analyses of costs among children (Ap-
pendix Table 2) showed, as for adults, costs were
higher for case-patients than for comparators both on
the day of the index encounter (AMD = $42; p = 0.001)
and during the 30-day follow-up (AMD = $105; p =
0.002), resulting in higher total costs (AMD = $141;
p<0.001). Category-specific costs were also higher for
case-patients compared with comparators in both the
outpatient (AMD = $35; p<0.001) and pharmaceutical
(AMD = $40; p = 0.002) categories.

For older children (5-17 years of age), all mea-
sured costs were significantly higher for case-patients
than comparators. However, for younger children
(0-4 years of age), there were no significant differ-
ences in total, same-day, or follow-up costs between
case-patients and comparators. Among younger chil-
dren, differences in costs between case-patients and
comparators were significantly higher for outpatient
costs and pharmacy costs (outpatient AMD = $29;
pharmacy AMD = $24; p<0.001 for both). Compar-
ing cases to comparators among older children, total
costs were higher (AMD = $358; p<0.001), both at the
index date (AMD = $133; p = 0.004) and during the
30-day follow-up (AMD = $214; p<0.001). We also
found that outpatient costs were higher (AMD =
$47; p<0.001), as were pharmacy costs (AMD = $92;
p<0.001), among the older child case-patients com-
pared with their comparator counterparts.

Sensitivity analyses identified 5 overly influential
outliers in the total cost model and 4 overly influen-
tial outliers in the pharmacy cost model. Removal of
those observations did not substantively change the
results: p values remained subjectively the same, and
coefficients increased by 0.1% in the total cost model
and by 11.2% in the pharmacy cost model.

Discussion

Our data show that medical care expenditures were
significantly higher among adult and child healthcare
delivery service members identified with MAAGE
relative to usual-care medical services among similar
healthcare delivery service members, both on the date
of an index medical visit and for 30 days following
the visit, after controlling for observable differences.
This pattern was consistent across total, pharmacy,
and outpatient expenditures for all patients =5 years
of age (total costs did not differ for children 0-4 years
of age). Among the cost components contributing to
total costs, the magnitude of the difference was larg-
est for pharmacy costs. We also found that follow-up
costs were consistently higher than costs accrued on
the day of the index encounter. These data fill in gaps
in knowledge about the short-term costs of MAAGE

972

among adults and children, particularly in the days
following an initial medical encounter. Our findings
substantially inform the study of resource burden by
incorporating the subsequent, short-term follow-up
costs related to a MAAGE episode, which is often
omitted in calculating the overall economic burden of
MAAGE, thereby underestimating the true burden of
MAAGE episodes.

Higher short-term costs associated with MAAGE
relative to usual-care medical services may be partly
attributable to ongoing pharmacologic intervention,
as suggested by differences in pharmacy-related
costs. In addition, exacerbation of underlying condi-
tions and illnesses could contribute to the observed
differences in cost between those with MAAGE and
other patients.

Among adults, incremental total costs associated
with MAAGE relative to usual-care medical services
were almost twice as high among those 265 years of
age compared with those 18-64 years of age. When
considered as a group, children 0-17 years of age who
were identified with MAAGE had higher total costs
compared with similar children without MAAGE;
however, there were no statistically significant differ-
ences in total costs among young children (0-4 years
of age). This observation could be because older chil-
dren may be using medical care less frequently and
an episode of AGE would warrant an independent
encounter. Conversely, younger children may be
using services more frequently and AGE symptoms
could be addressed as part of another regular visit.

This study leveraged a large sample of mem-
bers of an integrated care delivery system and used
matched comparators to estimate the associated
costs of MAAGE, controlling for likely confounders
and measuring MAAGE-related costs in the 30 days
following the initial date of presentation. However,
among the study’s limitations is that unobserved
(and thus uncontrolled) differences between MAAGE
case-patients and comparators could have confound-
ed cost estimates, and we observed significant dif-
ferences between groups after matching. This limi-
tation is inherent to observational studies; however,
we controlled for important, observable confound-
ers. Despite matching and the direct control of these
observable confounders, biases from unobserved
confounders (e.g., income or education levels) likely
persist in our estimates. An additional limitation of
the study is that findings may not be generalizable be-
yond the region served by KPNW or to nonintegrated
health systems. Although there are similarities across
Kaiser Permanente regions, regional differences in
member populations and practice patterns limit our
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ability to generalize to other areas served by Kaiser
Permanente. Our findings benefit from the complete
capture of health services through the integrated care
delivery system, but future research is needed to see
if the patterns and magnitude of the economic bur-
den associated with MAAGE vary across healthcare
system types, regions, and important patient factors.
The data used in our study are 6-8 years old and may
not represent current costs. Our analyses adjust to a
common year and primarily focus on relative costs
between groups, which, although prone to influence
from differential changes in costs of medical services
over time, are less influenced by general medical-care
inflation.

In conclusion, in a large surveillance cohort, we
found significantly increased, incremental cost associ-
ated with MAAGE-related services relative to usual-
care medical services. We noted this increased cost
for both adults and for children =5 years of age, and
those higher costs persisted during the 30-day follow-
up period from initial encounters. These findings
suggest opportunities to prevent or intervene in the
short-term period following a new MAAGE episode
to mitigate costs, especially in adults 265 years of age.
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Antimicrobial Resistance as Risk
Factor for Recurrent Bacteremia
after Staphylococcus aureus,
Escherichia coli, or Klebsiella spp.
Community-Onset Bacteremia

Salam Abbara, Didier Guillemot, David R.M. Smith, Salma EI Oualydy,
Maeva Kos, Cécile Poret, Stéphane Breant, Christian Brun-Buisson, Laurence Watier

We investigated links between antimicrobial resistance
in community-onset bacteremia and 1-year bacteremia
recurrence by using the clinical data warehouse of Eu-
rope’s largest university hospital group in France. We
included adult patients hospitalized with an incident
community-onset Staphylococcus aureus, Escherichia
coli, or Klebsiella spp. bacteremia during 2017-2019.
We assessed risk factors of 1-year recurrence using
Fine—Gray regression models. Of the 3,617 patients
included, 291 (8.0%) had >1 recurrence episode.
Third-generation cephalosporin (3GC)-resistance was
significantly associated with increased recurrence risk
after incident Klebsiella spp. (hazard ratio 3.91 [95% CI
2.32-6.59]) or E. coli (hazard ratio 2.35 [95% CI 1.50—
3.68]) bacteremia. Methicillin resistance in S. aureus
bacteremia had no effect on recurrence risk. Although
several underlying conditions and infection sources in-
creased recurrence risk, 3GC-resistant Klebsiella spp.
was associated with the greatest increase. These re-
sults demonstrate a new facet to illness induced by
3GC-resistant Klebsiella spp. and E. coli in the com-
munity setting.
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ntimicrobial resistance (AMR) is a major global

health issue, associated with an estimated 4.95
million deaths worldwide in 2019 (1,2). Although the
effects of AMR on clinical and economic outcomes
have been studied extensively, relatively little is
known about the effects of AMR on infection recur-
rence, a significant event that results in substantial ill-
ness, death, and healthcare costs (3). Recurrence is of
particular concern among bacteremia patients, who
are often fragile and have underlying conditions,
because bacteremia is associated with high rates of
death and AMR (4). AMR in bacteremia is associated
with greater infection severity, higher risk for treat-
ment failure, and longer length of hospital stay, all of
which may affect risk for recurrence (5-7).

Few studies have investigated AMR as a poten-
tial risk factor for recurrent bacteremia, and all have
been limited to recurrence of infection attributable to
the same bacterium that caused initial infection (8-13).
Conversely, the few studies not targeting a specific
bacterial species or patient population (e.g., those with
underlying conditions) and studying risk factors asso-
ciated with recurrence within 1 year did not consider
AMR as a potential risk factor (14-16). However, when
studying the link between AMR and recurrence, it is
important to consider the prolonged microbial im-
balance that broad-spectrum antibiotic exposure (i.e.,
standard bacteremia treatment) can induce on the host
microbiome. This imbalance includes ensuing effects
on host susceptibility to colonization and infection
(17) and effects on selection and duration of carriage
of antibiotic-resistant bacteria, which, for instance,
can exceed 1 year for extended-spectrum [-lactamase
(ESBL)-producing Enterobacteriaceae (18). AMR in an
initial bacteremia episode may thus increase risk for
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recurrence attributable not only to the same bacterium
that caused the initial infection but to any bacterium,
whether acquired in the community or hospital. As
such, studying bacteremia recurrence across all bac-
terial species and sources of infection seems clinically
relevant. Moreover, it is particularly important to fo-
cus on community-onset infections, given the increas-
ing spread of ESBL-producing Enterobacteriaceae in
community settings globally (19).

In this study, we investigated the effect of AMR
in incident community-onset bacteremia on the prob-
ability of bacteremia recurrence within 1 year. We
restricted incident bacteremia episodes to infections
caused by S. aureus, E. coli, and Klebsiella spp., 3 lead-
ing pathogens responsible for community-onset bac-
teremia, and to their leading forms of AMR of major
public health concern: methicillin resistance for S. au-
reus and third-generation cephalosporin (3GC) resis-
tance for E. coli and Klebsiella spp., the major mecha-
nism of which is ESBL production (20).

Material and Methods

Setting

This observational study used routinely collected
data extracted retrospectively from the clinical data
warehouse of the Assistance Publique-Hopitaux de
Paris (AP-HP) (https://www.aphp.fr). AP-HP is the
largest university hospital group in Europe, with 39
hospitals mainly located in the Greater Paris area and
totaling 1.5 million hospitalizations per year (10% of
all hospitalizations in France). We focused on 14 AP-
HP hospitals with acute care activity, covering ~22%
of all short stays in Ile-de-France, the largest region
in France. The construction of the database and the
included variables have been previously described
(4). Available data include medical-administrative
data describing patient characteristics and hospital
stays, as well as microbiological data including in-
fection etiology and antibiotic-susceptibility results.
We obtained approval for data collection from the
Scientific and Ethical Committee of the Assistance
Publique-Hopitaux de Paris on March 28, 2019. The
AP-HP clinical data warehouse initiative ensures that
patient information and informed consent regarding
the different approved studies are in accordance with
European regulations on data protection and authori-
zation number 1980120 from the French Data Protec-
tion Authority.

Study Population
The study population included all patients >18 years
of age who were hospitalized with a first clinically
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important episode of community-onset, monomi-
crobial bacteremia attributable to S. aureus, E. coli, or
Klebsiella spp. in 14 AP-HP university hospitals dur-
ing January 1, 2017-December 31, 2019. We catego-
rized bacteremia episodes as community-onset if first
positive blood culture was collected within 48 hours
of admission; otherwise, we categorized the bactere-
mia as hospital-acquired. We identified incident stays
by excluding stays by patients with any history of
bacteremia within the previous 12 months, regard-
less of microbial etiology and location of onset (i.e.,
whether community-onset or hospital-acquired). We
excluded stays ending with death. To avoid including
early relapses, we defined recurrence as any clinically
important episode of bacteremia (whatever the spe-
cies, wherever the onset) occurring 7-365 days after
hospital discharge from the incident episode (21). We
identified bacteremia episodes by using microbio-
logic results (i.e., positive blood cultures) and defined
them as previously described (4). For statistical analy-
sis, we considered 2 main patient groups: those with
recurrence and those without.

Data Collected

For each patient, data collected were sex, age, and
date of death (if applicable). For each incident stay,
data collected were dates of admission and discharge;
hospital care pathways (e.g., surgery, admission to
intensive care unit [ICU], and presence of a septic
shock); codes from the International Classification
of Diseases, 10th Revision (ICD-10), for underlying
conditions; and microbiologic results (e.g., types and
dates of microbiologic samples drawn, bacterial spe-
cies isolated, and antibiotic-susceptibility results).
Bacterial antibiotic susceptibilities were determined
by the laboratories of participating hospitals by using
clinical breakpoints from Comité de I’ Antibiogramme
de la Société Francaise de Microbiologie-European
Committee on Antimicrobial Susceptibility Testing
(22) and the qualitative susceptibility categories of
susceptible, standard dosing regimen (S), susceptible,
increased exposure (), and resistant (R). For antibiot-
ics of interest, we considered strains reported as I to
be resistant. When available, empirical therapy data
were collected 24 hours before and after the collection
date of the first positive blood culture. For each recur-
rent stay, we collected only dates of hospital admis-
sion and discharge and microbiologic results.

Variables Studied

Patient variables included sex, age group, Charlson
comorbidity index (calculated by using comorbidity-
associated ICD-10 codes), and comorbidities (i.e.,
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underlying conditions) defined with ICD-10 codes.
For each incident stay, other variables considered
include patient length of stay (LOS) with bacteremia
(the number of days in hospital from the first positive
blood culture to the end of the stay), surgery, ICU ad-
mission, presence of septic shock, identified bacterial
species (S. aureus, E. coli, or Klebsiella spp.), antibiotic
susceptibility results, and infection sources (defined
according to ICD-10 codes, as previously described)
(4). Because the effect of resistance may differ ac-
cording to bacterial species, we considered a 6-class
bacteria resistance composite variable (methicillin-
susceptible S. aureus [MSSA] and methicillin-resistant
S. aureus [MRSA], 3GC-susceptible and resistant E.
coli, and 3GC-susceptible and resistant Klebsiella spp.)
We considered empirical therapy appropriate if >1
antibiotic administered within 24 hours of drawing
the first positive blood culture was effective in vitro
on the isolated bacteria.

Statistical Analysis

We described all included patient and hospital stay
characteristics according to the presence or absence
of recurrence. We also briefly described first recurrent
bacteremia and their etiologies. We used Fine-Gray
regression models to identify risk factors for recur-
rence within 1 year after an incident stay, considering
death as a competing event. We calculated subdis-
tribution hazard ratios (HRs) by using Gray’s test of
the subdistribution function for univariate analyses
and Fine-Gray regression models for multivariable
analyses. HRs represent the relative change in the
instantaneous rate of the occurrence of recurrence in
patients who are recurrence-free or who have experi-
enced death, considering patients who have died as
nonexposed to recurrence (23). The direction of HRs
also describes the direction of the effect of covariates
on the probability of recurrence occurring over time
(incidence) (23). We considered variables that had a
p value <0.20 in univariate analyses in the multivari-
able models. We selected variables in the multivari-
able models by using both backward and forward
stepwise methods, and we used a 2-tailed p value
<0.05 to define statistical significance. We assessed
proportional hazards assumptions in Fine-Gray re-
gressions. We forced the variables age and sex in the
multivariable model because they usually are associ-
ated with bacterial infections. To confirm results and
because the effect of resistance may differ according to
bacterial species, we conducted an analysis stratified
by bacteria. To assess whether empirical treatment
is a confounding factor, we performed an additional
analysis considering only patients with information
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on the adequacy of empirical treatment. For compa-
rability purposes, we estimated a multivariable logis-
tic regression model, considering the same covariates
as in the final Fine-Gray regression model. Adjusted
odds ratios calculated in the logistic regression model
quantify associations between included variables and
the odds of bacteremia recurrence, without consid-
ering death as a competing event. Finally, to ensure
that the type of recurrence, to the same species or to
a different species, was not a confounding factor, we
estimated a specific Fine-Gray regression model and
a multivariable logistic regression model in each of
the 2 subgroups, following the same methodology as
for the overall sample.

We used HiveQL (https://hive.apache.org), Py-
thon 3 (https://www.python.org), PySpark 2.4.3
(https:/ /spark.apache.org/docs/2.4.3), and R 4.0.0
(The R Foundation for Statistical Computing, https:/ /
cran.r-project.org) to perform the statistical analyses,
and we used the survival R package to compute Fine-
Gray regression models (24). This study follows the
Strengthening the Reporting of Observational Studies
in Epidemiology reporting guideline (25).

Results

During 2017-2019, we identified 4,400 patients hospi-
talized with a community-onset bacteremia attribut-
able to S. aureus, E. coli, or Klebsiella spp. We retained
their first hospital stay with bacteremia. Of those first
stays, 6.9% (n = 304) were excluded because of history
of bacteremia within the previous 12 months (Figure
1). Among the remaining 4,096 patients, 11.7% (n =
479) died during their hospital stay and were exclud-
ed. In total, we included in the study 3,617 patients
with incident hospital stays with community-onset
bacteremia attributable to S. aureus, E. coli, or Klebsi-
ella spp. Of those, 8.0% (n = 291) sought treatment for
>1 recurrent bacteremia during the following year.

Descriptive Analyses

Incident Stays

Patients with recurrence were more often male than
patients without recurrence (56.7% male vs. 47.9%
female; p = 0.004) and were more likely to be <80
years of age (81.8% <80 vs. 73.4% >80; age distribu-
tion p = 0.0005) (Table 1). Patients with recurrence
also had more underlying conditions (27% had a
null Charlson comorbidity index vs. 44% of those
without recurrence) and were almost twice as like-
ly as their counterparts to have cancer (37.6% vs.
19.5%; p<0.0001), renal disease (22.3% vs. 13.6%; p =
0.002), or liver disease (13.8% vs. 7.5%; p = 0.0007).
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Figure 1. Identification of incident stays of community-onset
bacteremia attributable to Staphylococcus aureus, Escherichia
coli, or Klebsiella spp., Assistance Publique—Hbpitaux de Paris
university hospital group, Paris, France, 2017-2019.

We observed no statistical difference (p>0.05) be-
tween patients with and without recurrence in terms
of incident stay characteristics, including LOS with
bacteremia (median 7-8 days), rates of surgery, ICU
admission, and occurrence of septic shock. Howev-
er, we observed significant differences regarding the
infection source, isolated bacteria, and rates of AMR
(p<0.0001 for all). Compared with patients that did
not have recurrence, recurrence was more often as-
sociated with bacteremia without an identified in-
fection source (24.1% vs. 14.0%) or associated with a
digestive (12.1% vs. 9.5%) or device-related infection
(7.8% vs. 4.4%) and less often with urinary-source
bacteremia (26.2% vs. 35.7%). Moreover, recurrences
were more often associated with incident infections
attributable to 3GC-resistant E. coli (13.1% vs 7.6%),
3GC-susceptible (13.1% vs. 9.3%) or resistant (7.2%
vs. 1.9%) Klebsiella spp.

Recurrent Stays

Patients with recurrence had an average of 2.3
(range 2-8 stays) hospital stays with bacteremia
over the study period, including their incident stay.
First recurrent stays occurred within a median of
80 days (first quartile-third quartile 30.0-175.0
after the incident stay) and were predominantly
community-onset (n = 166/291 [57.0%]); median
LOS was 11 days (first quartile-third quartile 6.0-
19.0 days). The most identified bacteria in first re-
current stays were E. coli, Klebsiella spp., polymicro-
bial infection, S. aureus, and Pseudomonas aeruginosa
(Appendix Table 1, https:/ /wwwnc.cdc.gov/EID/
article/30/5/23-1555-App1l.pdf). In 47.4% of first
recurrent episodes (n =138/291), the same bacterial
species was identified as in the incident stay. This
rate was higher for E. coli (n = 92/174 [53%]) than
for Klebsiella spp. (n =25/59 [42%]) or S. aureus (n
= 21/58 [36%]). In cases of recurrence attributable
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to the same species, >80% of isolates had the same
resistance phenotype as identified in the incident
stay (Appendix Table 2).

Regression Models

Variables not selected for inclusion in the multivari-
able analysis were heart failure, diabetes, systemic
disease, LOS with bacteremia, surgery, ICU admis-
sion, and presence of septic shock (Table 2). We did
not include Charlson scores in the multivariable
model because individual underlying conditions
were preferred. In the final model, vascular disease,
chronic lung disease, dementia, and presence of pa-
ralysis were not retained, and proportional hazards
assumptions were validated (p = 0.39).

Underlying Conditions and Infection Sources

Certain infectious sources were associated with in-
creased recurrence risk within 1 year: absence of an
identified infection source (HR 2.26 [95% CI 1.60-
3.19]), device-related infection (HR 1.93 [95% CI 1.16-
3.23]), and digestive tract infection (HR 1.57 [95% CI
1.03-2.38]). Certain underlying conditions also were
identified as associated with increased recurrence risk
within 1 year: cancer (HR 2.03 [95% CI 1.58-2.62]), re-
nal disease (HR 1.72 [95% CI 1.28-2.31]), and liver dis-
ease (HR 1.66 [95% CI1.17-2.35]) (Table 2).

Antimicrobial Resistance

Isolation of MRSA in incident bacteremia episodes
did not affect the incidence of recurrence (HR 0.79
[95% CI 0.29-2.19]; referent MSSA). Conversely,
isolation of 3GC-resistant E. coli (HR 2.02 [95% ClI
1.41-2.91]; referent 3GC-susceptible E. coli) or 3GC-
resistant Klebsiella spp. (HR 2.77 [95% CI 1.60-4.79];
referent 3GC-susceptible Klebsiella spp.) were associ-
ated with an increased risk for recurrence (Table 3).
Cumulative incidence function curves of recurrence
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over time (Figure 2) show the differential effect of
bacteria-resistance pairs on risk for recurrence, which
was highest for 3GC-resistant Klebsiella spp. Those
results were similar in an analysis stratified by bacte-
rial species (Table 4) and in the multivariable logistic
regression model (Appendix Table 3). A sensitivity
analysis considering only stays (36%) with informa-

tion on empirical treatment showed comparable re-
sults, with a higher HR for 3GC-resistant Klebsiella
spp. and no effect of adequacy of empirical treatment
on recurrence risk (Appendix Table 4).

Fine-Gray models limited to recurrence to the
same or a different species (Appendix Tables 5-7)
showed similar HRs for 3GC-resistant Klebsiella spp.

Table 1. Characteristics of patients and their incident stays with community-onset bacteremia attributable to Staphylococcus aureus,
Escherichia coli, or Klebsiella spp., with and without recurrence, Assistance Publique—Hdpitaux de Paris university hospital group,

Paris, France, 2017-2019*

Characteristic With recurrence, n = 291 Without recurrence, n = 3,326 p value
Patients
Sex 0.004
M 165 (56.7) 1,594 (47.9)
F 126 (43.3) 1,732 (52.1)
Age group, y 0.0005
18-35 10 (3.4) 227 (6.8)
35-50 34 (11.7) 378 (11.4)
50-65 84 (28.9) 765 (23.0)
65-80 110 (37.8) 1,070 (32.2)
>80 53 (18.2) 886 (26.6)
Charlson comorbidity indext <0.0001
0 75 (26.6) 1,389 (44.1)
1-2 109 (38.7) 1,004 (31.9)
>2 98 (34.7) 7,59 (24.0)
Underlying conditionst
Cancer 106 (37.6) 615 (19.5) <0.0001
Heart failure 35 (12.4) 423 (13.4) 0.61
Diabetes 63 (22.3) 730 (23.2) 0.79
Vascular disease 23 (8.2) 340 (10.8) 0.18
Renal disease 63 (22.3) 430 (13.6) 0.002
Liver disease 39 (13.8) 237 (7.5) 0.0007
Chronic pulmonary disease 12 (4.3) 189 (6.0) 0.24
Dementia 9(3.2) 178 (5.7) 0.06
Paralysis (hemiplegia or paraplegia) 4 (1.4) 84 (2.7) 0.21
Systemic disease 5(1.8) 32 (1.0) 0.30
Incident stays
Length of stay with bacteremia, days
Median (first quartile—third quartile) 8.0 (4.0-15.5) 7.0 (3.0-15.0)
Duration, d 0.30
<7 139 (47.8) 1,730 (52.0)
7-14 74 (25.4) 706 (21.2)
14-30 50 (17.2) 613 (18.4)
>30 28 (9.0) 277 (8.3)
Surgery 37 (12.7) 426 (12.8) 0.97
ICU admission 70 (24.1) 718 (21.6) 0.30
Septic shockt 27 (9.6) 279 (8.9) 0.68
Infection sourcet <0.0001
None identified 68 (24.1) 442 (14.0)
Multiple sites 59 (20.9) 747 (23.7)
Urinary tract 74 (26.2) 1,125 (35.7)
Lower respiratory tract 14 (5.0) 190 (6.0)
Digestive tract 34 (12.1) 300 (9.5)
Device-related 22 (7.8) 137 (4.4)
Other 11 (3.9) 211 (6.7)
Bacteria resistance <0.0001
MSSA 54 (18.6) 737 (22.2)
MRSA 4 (1.4) 75 (2.2)
3GC-susceptible E. coli 136 (46.7) 1,889 (56.8)
3GC-resistant E. coli 38 (13.05) 253 (7.6)
3GC-susceptible Klebsiella spp. 38 (13.05) 310 (9.3)
3GC-resistant Klebsiella spp. 21(7.2) 62 (1.9)

*Values are no. (%) except as indicated. p values calculated by using likelihood ratio tests. 3GC, third-generation cephalosporin; ICU, intensive care unit;
MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus.

TMissing data: 9 stays with recurrence, 174 stays without recurrence.
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Table 2. Univariable and multivariable analyses of risk factors for bacteremia recurrence at 1 year after an incident stay with
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community-onset bacteremia attributable to Staphylococcus aureus, Escherichia coli, or Klebsiella spp., Assistance Publique—Hb&pitaux
de Paris university hospital group, Paris, France, 2017-2019*

Univariable analyses

Multivariable analyses

Characteristic R (95% CI) p value R (95% CI) p value
Patients
Sex; referent male 0.71 (0.57-0.90) 0.004 0.94 (0.73-1.20) 0.59
Age group, y; referent 35-50 y 0.0005 0.075
>18-35 0.51 (0.25-1.03) 0.66 (0.31-1.38)
50-65 1.23 (0.82-1.83) 1.15(0.76-1.74)
65-80 1.14 (0.78-1.69) 1.13 (0.76-1.69)
>80 0.68 (0.44-1.05) 0.77 (0.49-1.20)
Charlson comorbidity index; referent 0 <0.0001
1-2 1.95 (1.46-2.62)
>2 2.31 (1.71-3.12)
Underlying conditions
Cancer 2.36 (1.86-3.00) <0.0001 2.03 (1.58-2.62) <0.0001
Heart failure 0.91 (0.64-1.30) 0.61
Diabetes 0.96 (0.73-1.27) 0.79
Vascular disease 0.75 (0.49-1.14) 0.18
Renal disease 1.60 (1.20-2.13) 0.002 1.72 (1.28-2.31) 0.0007
Liver disease 1.89 (1.35-2.65) 0.0007 1.66 (1.17-2.35) 0.007
Chronic pulmonary disease 0.71 (0.40-1.26) 0.24
Dementia 0.56 (0.29-1.09) 0.06
Paralysis (hemiplegia / paraplegia) 0.53 (0.20-1.43) 0.21
Systemic disease 1.70 (0.70-4.12) 0.30
Incident stays
Length of stay with bacteremia; referent 7-14 d 0.30
<7 0.78 (0.59-1.03)
14-30 0.79 (0.55-1.13)
>30 0.97 (0.63-1.50)
Surgery 1.01 (0.71-1.42) 0.97
ICU admission 1.15 (0.89-1.51) 0.30
Septic shock 1.09 (0.73-1.62) 0.68
Infection source; referent urinary tract <0.0001 0.0002
None identified 2.25(1.62-3.13) 2.26 (1.60-3.19)
Multiple sites 1.19 (0.85-1.68) 1.22 (0.85-1.75)
Lower respiratory tract 1.12 (0.63-1.98) 1.26 (0.70-2.26)
Digestive tract 1.69 (1.13-2.54) 1.57 (1.03-2.38)
Device-related 2.32 (1.44-3.74) 1.93 (1.16-3.23)
Other 0.80 (0.43-1.51) 0.98 (0.51-1.75)
Bacteria resistance; referent MSSA <0.0001 <0.0001
MRSA 0.74 (0.27-2.04) 0.79 (0.29-2.19)

3GC-susceptible E. coli
3GC-resistant E. coli
3GC-susceptible Klebsiella spp.
3GC-resistant Klebsiella spp.

(
0.99 (0.72-1.36)
1.99 (1.31-3.01)
1.64 (1.09-2.49)
4.11 (2.48-6.81)

1.16 (0.81-1.66)
2.35 (1.50-3.68)
1.41 (0.91-2.21)
3.91 (2.32-6.59)

*p values calculated by using Gray'’s test of the subdistribution function for univariable analyses, and Fine—Gray regression models for multivariable
analyses. 3GC, third-generation cephalosporin; HR, subdistribution hazard ratio; ICU, intensive care unit; MRSA, methicillin-resistant S. aureus; MSSA,

methicillin-susceptible S. aureus.

(referent 3GC-susceptible Klebsiella spp.). For 3GC-
resistant E. coli, the HR was slightly higher for recur-
rence to the same species (2.47 [95% CI 1.54-3.95]),
and slightly lower for recurrence to a different spe-
cies (1.68 [95% CI 0.94-3.01]; referent 3GC-resistant
E. coli). Stratified analysis by bacteria found com-
parable results, except for the HR of the association
between 3GC-resistant Klebsiella spp. and recurrence
to the same species, which was slightly lower (2.32
[95% CI 0.96-5.62]), likely attributable to reduced
sample size (Appendix Table 8). Multivariate logis-
tic regression models for recurrence to the same and
to different species yielded similar associations (Ap-
pendix Table 9).

Discussion

In this cohort study, we have shown that 3GC resistance
in Klebsiella spp. or E. coli in community-onset bactere-
mia significantly increases the probability of all-cause
bacteremia recurrence within 1 year, whereas identifi-
cation of MRSA does not affect risk for recurrence. Our
results confirm, in community-onset bacteremia, that
certain patient underlying conditions (cancer, liver dis-
ease, and renal disease) and infection sources (digestive
tract, device-related, and no identified infection source)
are important risk factors for bacteremia recurrence. Of
all identified risk factors, the isolation of 3GC-resistant
Klebsiella spp. was associated with the greatest increase
in the probability of recurrence over time.
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Table 3. Subdistribution HRs for relationship between each bacteria-resistance pair and recurrence of bacteremia at 1 year in final
multivariable model, by reference, in study of community-onset bacteremia attributable to Staphylococcus aureus, Escherichia coli, or
Klebsiella spp., Assistance Publique—Hépitaux de Paris university hospital group, Paris, France, 2017-2019*

HR (95% CI)

Bacteria resistance Referent MSSA

Referent 3GC-susceptible

Referent 3GC-susceptible E. coli Klebsiella spp.

MSSA

MRSA

3GC-susceptible E. coli
3GC-resistant E. coli
3GC-susceptible Klebsiella spp.
3GC-resistant Klebsiella spp.

Referent
0.79 (0.29-2.19)
1.16 (0.81-1.66)
2.35 (1.50-3.68)
1.41 (0.91-2.21)
3.91 (2.32-6.59)

0.86 (0.60-1.23)
0.68 (0.25-1.86)
Referent
2.02 (1.41-2.91)
1.22 (0.83-1.78)
3.37 (2.10-5.41)

0.71 (0.45-1.11)
0.56 (0.20-1.59)
0.82 (0.56-1.20)
1.66 (1.04-2.66)
Referent
2.77 (1.60-4.79)

*Results are adjusted on all the variables described in Table 2. 3GC, third-generation cephalosporin; HR, subdistribution hazard ratio; MRSA, methicillin-

resistant S. aureus; MSSA, methicillin-susceptible S. aureus.

Few studies have examined the relationship
between AMR and bacteremia recurrence (8-13).
Woudt et al. (§) showed an association between the
isolation of MRSA or 3GC-resistant Enterobacteria-
ceae and recurrence of bacteremia attributable to the
same species, with crude relative risks of <2. Choi et
al. (9) found no effect of MRSA on recurrence of S.
aureus bacteremia over a 7-year study period, after
adjustment. One study has focused on the commu-
nity context and showed crude associations between
E. coli sequence types 131 or 405, which could be used
as a proxy for AMR, and the risk for recurrence (13).
Our study has shown an effect of 3GC-resistance in
community-onset bacteremia attributable to Kleb-
siella spp. or E. coli on the probability of recurrence
over time, after adjustment for diverse risk factors
and while considering death as a competing event.

Figure 2. Cumulative incidence function curves showing
probability of recurrence over time for each bacteria-resistance
pair after community-onset bacteremia attributable to
Staphylococcus aureus, Escherichia coli, or Klebsiella spp.,
Assistance Publique—Hopitaux de Paris university hospital group,
Paris, France, 2017-2019. 3GC, third-generation cephalosporin;
ICU, intensive care unit; MRSA, methicillin-resistant S. aureus;
MSSA, methicillin-susceptible S. aureus.

In agreement with Choi et al. (9), we found no effect
of MRSA on recurrence after adjustment, although
our findings are not directly comparable given the
community-onset nature of the incident stays and
shorter duration of follow-up.

We studied recurrence up to 1 year, accounting
for all species and types of bacteremia onset. Al-
though this definition differs from previous works,
which focused on recurrence to the same bacteri-
um, we argue that it better captures the potential
effect of AMR and ensuing antibiotic exposure on
host microbiota and overall susceptibility to in-
fection (17). Irrespective of their appropriateness
to treat a given bacterium, antibiotics can induce
dysbiosis, with repercussions for host immunity,
selection of antibiotic-resistant strains, coloniza-
tion, and infection by antibiotic-susceptible or
antibiotic-resistant strains (17,26-28). Given that
approximately half the recurrences were attribut-
able to the same species, we conducted sensitivity
analyses in the 2 subgroups with recurrence attrib-
utable to the same or to a different species. Those
analyses showed results consistent with the overall
analysis, while suggesting a greater effect of isolat-
ing 3GC-resistant E.coli during the incident episode
on the risk for recurrence attributable to the same
species compared with recurrence attributable to a
different species. On the other hand, the link be-
tween 3GC-resistant Klebsiella spp. and the risk for
recurrence attributable to the same or a different
species was similar. Those results support previous
works showing higher rates of illness associated
with Klebsiella spp. infections compared with E. coli
infections. Al-Hasan et al. (29) showed that isola-
tion of Klebsiella spp. was associated with bactere-
mia recurrence, relative to isolation of E. coli and
after adjustment. Other work has suggested that
patients with ESBL-producing Klebsiella pneumoniae
bacteremia have higher rates of ICU admission and
death compared with patients with ESBL-produc-
ing E. coli bacteremia (30,31). Overall, our findings
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Table 4. Subdistribution HRs for the relationship between bacteria resistance and recurrence of bacteremia at 1 year in analysis
stratified by species in study of community-onset bacteremia attributable to Staphylococcus aureus, Escherichia coli, or Klebsiella
spp., Assistance Publique—Hbépitaux de Paris university hospital group, Paris, France, 2017-2019*

HR (95% CI)

Bacteria resistance S. aureus E. coli Klebsiella spp.
Susceptible Referent Referent Referent
Resistant 0.82 (0.29-2.31) 2.08 (1.44-3.00) 2.41 (1.35-4.30)

*Results were adjusted on all variables included in the multivariable model. Susceptible category included methicillin-susceptible S. aureus, and third-
generation cephalosporin-susceptible E. coli and Klebsiella spp. Resistant category included methicillin-resistant S. aureus, and third-generation
cephalosporin-resistant E. coli and Klebsiella spp. HR, subdistribution hazard ratio.

demonstrate a new facet to the disease burden im-
posed by 3GCresistancein E. coli and especially Kleb-
siella spp. infections, the proportions of which are
increasing in community settings worldwide (32).
Our findings support ongoing calls for increased
awareness and intervention to limit the spread of
antibiotic-resistant E. coli and Klebsiella spp. in the
community. For clinicians in particular, our results
highlight the need for increased caution in the
follow-up of patients with community-onset bac-
teremia attributable to 3GC-resistant Klebsiella spp.
or E. coli.

In this study, we have also shown that specific
underlying conditions, namely cancer, liver disease,
and renal disease, are associated with recurrence, and
should thus warrant special attention during patient
follow-up. To date, such findings were absent for
community-onset bacteremia, and available stud-
ies considering certain underlying conditions have
shown heterogeneous results (9-12,33,34). Further-
more, as previously observed, we underlined that
the absence of an infection source or the presence of
a digestive or device-related infection source were as-
sociated with recurrence (16).

Strengths of our study include the large size of
our cohort, as well as the richness of the clinical and
microbiologic data available, which allowed for the
evaluation of potential effects of diverse risk fac-
tors. Although the numbers of antibiotic-resistant
bacterial isolates in the recurrence group varied, we
found statistically significant results for E. coli and
Klebsiella spp. and were able to describe a bacteria-
specific effect of resistance on recurrence. More-
over, it is notable that subdistribution HRs calcu-
lated with the Fine-Gray regression model were
very close to adjusted odds ratios calculated with
the multivariable logistic regression model, which
supports our results. A close relationship between
HRs and ORs values is expected if the event studied
has a low probability of occurrence over time (23),
which is the case in our study, given that the 1-year
recurrence rate of bacteremia was 8.0%. This rate
was lower than that reported by other studies (9%-
12%), which could be explained by the selection

of community-onset incident stays (14-16) or by
the fact that recurrent stays were only identified
among AP-HP hospitals.

Despite the size of our cohort, this study is not
population-based, given that it covers approximate-
ly one quarter of all acute care inpatients in Ile-de-
France. Moreover, it included patients hospitalized
in university hospitals, who may have more under-
lying conditions and exposures to care, affecting the
risk for recurrence. To minimize this bias, we adjust-
ed our results on most previously identified risk fac-
tors of recurrence, which could be related to patients
or their hospital stay and infection characteristics
(14-16). Because data on exposure to care was only
available among AP-HP hospitals, we could not
study this risk factor and used a commonly accepted
definition of community-onset infections as occur-
ring within the first 48 hours of admission (15,16).
Moreover, information on empirical treatment,
which could affect recurrence risk, was only avail-
able for one third of included cases because of the
multiplicity of drug prescription software platforms
used across included hospitals (14,16). Despite this
limitation, a sensitivity analysis on patients with in-
formation on their empirical treatment showed simi-
lar results to the main analysis, thereby supporting
our findings.

In conclusion, we have shown that resistance
to 3GCs in Klebsiella spp. and E. coli during incident
community-onset bacteremia significantly increases
bacteremia recurrence risk over time. This risk was
highest for 3GC-resistant Klebsiella spp., for which
increasing community dissemination represents an
urgent public health problem. These findings reveal
an important facet to the disease and death induced
by antimicrobial-resistant Enterobacteriaceae and in-
form a need for careful follow-up of patients recover-
ing from bacteremia caused by these bacteria, as well
as and a need for interventions to limit their further
spread in the community.
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Epidemiologic Survey of
Crimean-Congo Hemorrhagic
Fever Virus in Suids, Spain

Mario Frias, Kerstin Fischer, Sabrina Castro-Scholten, Caroline Bost, David Cano-Terriza,
Maria Angeles Risalde, Pelayo Acevedo, Saul Jiménez-Ruiz, Balal Sadeghi,
Martin H. Groschup, Javier Caballero-Gémez, Ignacio Garcia-Bocanegra

We conducted a cross-sectional study in wild boar and
extensively managed Iberian pig populations in a hotspot
area of Crimean-Congo hemorrhagic fever virus (CCH-
FV) in Spain. We tested for antibodies against CCHFV
by using 2 ELISAs in parallel. We assessed the pres-
ence of CCHFV RNA by means of reverse transcription
quantitative PCR protocol, which detects all genotypes.
A total of 113 (21.8%) of 518 suids sampled showed
antibodies against CCHFV by ELISA. By species, 106
(39.7%) of 267 wild boars and 7 (2.8%) of 251 Iberian
pigs analyzed were seropositive. Of the 231 Iberian pigs
and 231 wild boars analyzed, none tested positive for
CCHFV RNA. These findings indicate high CCHFV ex-
posure in wild boar populations in endemic areas and
confirm the susceptibility of extensively reared pigs to
CCHFV, even though they may only play a limited role in
the enzootic cycle.

Crimean—Congo hemorrhagic fever  virus
(CCHFV; genus Orthonairovirus, family Nai-
roviridae), is an emerging pathogen mainly trans-
mitted by ticks of the genus Hyalomma (1,2). This
arbovirus is the causative agent of Crimean-Congo
hemorrhagic fever (CCHF), a severe and lethal zoo-
notic and hemorrhagic disease in humans (2,3). In
Europe, human cases of CCHF have been tradition-
ally reported only in southeastern countries (2,4).
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However, shortly after the virus was detected in
Spain (western Europe) in Hyalomma lusitanicum
ticks collected on red deer (Cervus elaphus) in 2010
(5), human CCHEF clinical cases have been confirmed
in western and southwestern Spain since 2013 (6-8).

Since 2010, endemic circulation of CCHFV has
been reported in the Iberian Peninsula in H. lusitani-
cum ticks (9,10) and red deer, which are the primary
host of adult specimens of this tick species (11). In this
region, red deer populations usually share habitat
and natural resources with other susceptible wild un-
gulate species, such as wild boar (Sus scrofa), another
important natural host of adult H. lusitanicum ticks.
This connection, together with the drastic increase of
the wild boar population since 1990 in the Iberian Pen-
insula (12), may contribute to the spread and mainte-
nance of the virus in Mediterranean ecosystems.

Few studies have assessed CCHFV circulation in
red deer and wild boar (11,13-16). In addition, those 2
wild ungulate species usually cohabit with extensive-
ly managed domestic Iberian pigs; direct and indirect
contact between those sympatric species are frequent
(17). Iberian pig is a breed of the domestic pig au-
tochthonous to the Iberian Peninsula; they are usu-
ally reared under extensive management conditions
and fattened during the Montanera period (October-
February) by feeding on acorns within large, fenced
areas. Most of the Iberian pig farms (80%) are in
southwestern Spain, where circulation of CCHFV is
high. The European Food Safety Authority (EFSA) has
prioritized surveillance of CCHFV in pigs (18); how-
ever, data on exposure to CCHFV in pigs are lacking
(19,20).The aim of our study was to analyze the circu-
lation of CCHFV in wild boar and sympatric Iberian
domestic pigs in southwestern Spain, a hotspot area
of CCHFV, where CCHFV-positive ticks are present
(56,21,22) and high seroprevalence has been reported
in animal hosts (11,14).
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Methods

Study Area and Sampling

In this cross-sectional study, we assumed a seroprev-
alence of 40.6% (11) for wild boar and calculated the
sample size as 251; we assumed a seroprevalence of
50% (which provides the highest sample size in stud-
ies in which seroprevalence is unknown) for a sample
of 267 pigs. We calculated those estimates with 95%
CI and a desired precision of +6%. Whenever possi-
ble, we sampled 14 Iberian pigs in each farm to detect
exposure with a 95% probability, assuming a mini-
mum within-farm seroprevalence of 20%.

We sampled wild boar in 35 hunting states between
the hunting seasons 2015-16 and 2020-21 in 5 provinces
of southwestern Spain. In addition, we collected blood
samples from Iberian pigs from 18 farms managed un-

Epidemiologic Survey of CCHFV in Suids, Spain

der extensive production systems during 2017-2019 in
the same study area (Figure). We collected blood sam-
ples from pigs at the slaughterhouse and from wild boar
by puncture of the cavernous sinus of the dura mater
(23). We obtained serum samples by blood centrifuga-
tion at 400 x g for 10 minutes and froze them until se-
rologic and molecular analysis. We recorded epidemio-
logic information, including sex, age, origin, and year
of sampling, from sampled animals whenever possible.
We estimated age of wild boar on the basis of tooth re-
placement patterns. We obtained all Iberian pig samples
at the end of the Montanera period.

Serologic Methods

We tested for antibodies against CCHFV using 2 dif-
ferent ELISAs, both based on recombinant CCHFV
nucleoprotein (N) as described elsewhere (24). In brief,

Figure. Spatial distribution of samples and human cases notified from epidemiologic survey of Crimean-Congo hemorrhagic fever virus
in suids, Spain. Inset map shows location of survey area in western Europe.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 30, No. 5, May 2024

985



RESEARCH

the first test was the CCHF Double Antigen Multispe-
cies ELISA (IDvet Screen, https://www.innovative-
diagnostics.com), which is based on the CCHFV
IbAr10200 strain N of clade III (GenBank accession no.
U88410). This commercial test was validated by ana-
lyzing several animal species, including pigs (25). The
second ELISA was an in-house indirect ELISA based on
the CCHFV Kosovo Hoti strain N belonging to clade V
(GenBank accession no. DQ133507). For this study, we
considered samples seropositive if CCHFV antibodies
were detected by both ELISAs (double-reactive).

Molecular Detection

We analyzed a total of 462 serum samples, 231 avail-
able from each species, for molecular detection. We
extracted RNA from serum samples using the Nucleo-
Mag Vet Kit (Macherey-Nagel, https://www.mn-
net.com). We assessed the presence of CCHFV RNA
by means of QuantiTect Probe RT-PCR Kit (QIAGEN,
https:/ /www.qiagen.com) using the multiplex quan-
titative RT-PCR described elsewhere (26), which can
amplify a fragment of the short (S) segment of the 6
known CCHFV genotypes.

Statistical Analysis

We calculated seroprevalence and prevalence of ac-
tive infection by dividing the number of seropositive
animals by ELISA and positive animals by quantita-
tive PCR by the total number of animals tested, using
2-sided exact binomial of 95% CI. We initially assessed
associations between serologic results and explanatory
variables by species using bivariate analysis with the

Pearson x* or Fisher exact tests, as appropriate. We se-
lected variables with p values <0.10 as potential risk fac-
tors. We evaluated collinearity between variables using
the Cramer V coefficient, selecting the variable with the
highest biologic plausibility if we obtained a correlation
coefficient between variables >0.6 and p<0.05. Finally,
we evaluated the influence of the selected explanatory
variables on CCHFV seropositivity using a generalized
linear mixed model (GLMM), assuming a binomial data
distribution and the variable municipality as random
effect. We considered the Akaike information criterion
score for each model to select the most accurate. Vari-
ables with p<0.05 were statistically significant. We per-
formed all statistical analyses using RStudio (https://
github.com/rstudio/rstudio).

Results
Of the 518 suids sampled, 71 animals tested positive
exclusively through the commercial ELISA, whereas
7 tested positive solely through the in-house assay
(24). Of note, a total of 113 of the 518 suids sampled
showed antibodies against CCHFV by both ELISAs.
Thus, the seroprevalence obtained in the preset study
was 21.8% (95% CI 18.4%-25.5%; 113/518). By spe-
cies, 106 (39.7%, 95% CI 34.0%-45.7%) of the 267 wild
boar and 7 (2.8%, 95% C1 0.8 %-4.8%) of the 251 Iberian
pigs analyzed were seropositive (Table 1). We found
significantly higher seroprevalence in wild boar than
in pigs (relative risk 14.23, 95% CI 6.7-30.0; p<0.001).
We found antibodies against CCHFV in wild boar
in 26 (70.3%) of the 37 hunting estates sampled and
in the 5 provinces analyzed; seroprevalence ranged

Table 1. Distribution and seroprevalence of Crimean-Congo hemorrhagic fever in wild boars and extensively raised Iberian pigs,

Spain*
Wild boars Iberian pigs
No. positive/no.  Seroprevalence, % No. positive/no.  Seroprevalence, %
Variable analyzed (95% CI) p value analyzed (95% CI) p value
Season
2015-16 10/20 50.0 (28.8-71.1) 0.8885 NA NA
2016-17 16/45 35.5 (22.6-50.2) NA NA
2017-18 27/66 40.9 (29.5-53.0) 1/126 0.8 (0-2.3) 0.0123
2018-19 26/63 41.2 (29.6-53.6) 6/77 7.8 (1.8-13.8)
2019-20 20/52 38.4 (26.0-52.1) 0/48 0 (0-0)
2020-21 7/21 33.3 (15.9-55.1) NA NA
Province
Badajoz 7132 21.9 (7.6-36.2) 0.0119 0/79 0 (0-0.3) <0.001
Caceres 20/45 44.4 (30.5-59.1) 6/46 13.0 (3.3-22.8)
Cérdoba 51/100 51.0 (41.2-60.8) 1/126 0.8 (0-2.3)
Jaén 13/44 29.5 (17.5-44.1) NA NA
Sevilla 15/46 32.6 (19.1-46.2) NA NA
Age
Yearling 9/45 20.0 (0-26.1) <0.001 NA NA NA
Subadult 23/70 32.9 (21-38.6) NA NA
Adult 72/147 49.0 (41.0-57.0) NA NA
Sex
M 41/124 33.1(25.2-41.7) 0.0435 NA NA NA
F 64/139 46.0 (37.8-54.3) NA NA

*NA, not applicable.
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from 21.9% in Badajoz to 51.0% in Cérdoba (Figure).
We detected >1 seropositive wild boar in each of the
hunting seasons (Table 1). We detected seropositivity
in 2 (11.1%) of the 18 pig farms analyzed; within-farm
seroprevalence was 5%-70%. We identified sero-
positive pigs in 2 provinces sampled; seroprevalence
ranged from 0.8% (95% Cl 0-2.3%) in Cérdoba to 7.8%
(95% CI 1.8%-13.8%) in Caceres (Table 1). We sam-
pled 6/7 seropositive pigs in the province of Caceres,
in the same extensively managed pig farm.

The GLMM model identified age and sex as risk
factors potentially associated with human exposure
to CCHFV in wild boar (Table 2). We found signifi-
cantly higher seropositivity in adults (49.0%; odds ra-
tio (OR) 3.9, 95% C11.6-9.5) than in yearlings (20.0%).
Female (46.0%) wild boar showed 2 times (OR 1.89,
95% CI 1.0-3.4) higher risk of exposure to the virus
than males. We identified no risk factor in Iberian
pigs by GLMM model. None of the 231 Iberian pigs
(0.0%, 95% CI 0.0-1.6%) and 231 wild boars (0.0%,
95% CI 0.0-1.6%) analyzed tested positive to CCHFV
RNA presence in their serum.

Discussion

Despite extensive data on potential CCHFV hosts and
their influence in the maintenance and transmission of
this virus (27), information on the role of suids in the
epidemiology of CCHFV worldwide is very limited.
As of February 2024, all surveys conducted worldwide
in wild boar have been done in Spain, except for 1 in
Turkey, where 2.5% of wild boar were exposed to the
virus (28). The seroprevalence detected in this species
in our study (39.7%) is in accordance with the 40.6%
obtained in this species in Dofiana National Park in
southwestern Spain (13) and indicates a high exposure
of wild boar populations to CCHFV in this region of
Spain. In contrast, lower frequencies of seropositivity
were found in northeastern Spain, where 3.2% of wild
boar showed antibodies against CCHFV (15), and east-
ern Spain, where 15.3% of wild boar had antibodies
(16). Those spatial differences found in Spain are con-
sistent with the risk gradient of exposure to CCHFV
observed in wild boar on the Iberian Peninsula (14) and
could be associated with certain climatic factors that
can condition the density and abundance of the com-
petent vector species throughout Spain. The presence
of Hyalomma spp. ticks in northeastern Spain had not
been described until recently (29,30) and in the east-
ern part of the country was detailed through a study
conducted on primary care on bites from these ticks
(31). In contrast, the presence of Hyalomma spp. ticks,
including H. marginatum and H. lusitanicum, has been
widely described in southwestern Spain (9,10,32,33).
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Table 2. Risk factors associated with Crimean-Congo hemorrhagic
fever virus seropositivity in wild boar of the Iberian Peninsula, Spain*

p
Variable Category Odds ratio (95% CI) value
Age Yearling Referent
Subadult 2.14 (0.79-5.77) 0.135
Adult 3.92 (1.61-9.56) 0.003
Sex M Referent
F 1.89 (1.04-3.42) 0.036

*Analysis by generalized linear mixed model.

This study provides evidence on the potential role
of domestic pigs in the enzootic cycle of CCHFV. As
of February 2024, the 2 serosurveys of pigs did not de-
tect antibodies against CCHFV in any of the 25 sam-
pled pigs from India or the 46 sampled in Egypt (19,
20). The seroprevalence obtained (2.8%) confirmed
the susceptibility of Iberian pigs to CCHFV infection
but indicate a low exposure of extensively raised pop-
ulations to the virus in a hotspot area, thus suggesting
a limited role of this species in the enzootic cycle of
CCHFV on the Iberian Peninsula. Nonetheless, it is
significantly different from the seroprevalence deter-
mined in wild boar. Of note, the period that Iberian
pigs are extensively managed (October-February)
does not coincide with the period of main activity of
Hyalomma spp. ticks (April-June) (34). The pigs are
exposed to the vectors for a few months, in contrast
to wild boars” exposure throughout their lives, which
could explain the differences in seroprevalence be-
tween these species. In addition, this finding could
be related to potential differences in susceptibility to
viral infection between pigs and wild boar. Future ex-
perimental studies can clarify this hypothesis.

In the case of wild boar, we found that age and
sex were associated with CCHFV exposure (Table 2).
Adults were at 3.6 times higher risk of CCHFV expo-
sure than yearlings, which could be associated with the
higher probability of tick bites throughout the life of
adult wild boar and with the persistence of CCHFV an-
tibodies over time. This finding is in line with those of
Cuadrado-Matias et al. (13) and with previous studies
that linked the age of cattle with greater seropositiv-
ity to CCHFV antibodies (35-37). On the other hand,
female wild boar had significantly higher seropreva-
lence than males. Previous studies found a higher pro-
portion of female than male wild boar infested by ticks,
possibly caused by behavioral differences (37). Simi-
larly, other studies have found a higher proportion of
CCHFV-seropositive female cattle (38,39). However,
statistically significant differences in CCHFV seroposi-
tivity between sexes had not previously been found in
the limited serosurveys carried out in wild boar. Ad-
ditional studies in boar species are needed to evaluate
the role of age and sex in CCHFV exposure.
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We detected seropositivity every year and in all
provinces sampled, indicating an endemic and wide-
spread circulation of CCHFV in southwestern Spain.
Of note, yearling animals were seropositive in all of
the hunting seasons analyzed except 2020-2021. Al-
though maternal antibodies in yearling mammals
cannot be ruled out, our findings denote active cir-
culation during the study period. On the other hand,
wild boar from Cérdoba province had the highest
seroprevalence value; 51% of animals tested sero-
positive to CCHFV, which was higher than in Bada-
joz province where human cases have been reported
(Figure). In Cérdoba, the presence of CCHFV has al-
ready been demonstrated by the detection of CCHFV
RNA in ticks (21,22), which would indicate that this
region has a high circulation of the virus. Those data
highlight the need to carry out studies throughout
Spain to establish spatial distribution of CCHFV to
promote surveillance and control programs in areas
identified as hotspots. On the other hand, 6/7 (85.7%)
seropositive pigs were sampled in 2018 in the same
extensively managed pig farm in Caceres. That find-
ing indicates a nonhomogeneous spatiotemporal dis-
tribution pattern of the virus in this domestic species,
which implies a possible role of the Iberian pig as ac-
cidental host rather than true host of CCHFV.

Finally, even though the quantitative PCR used
in this study has the capacity to detect all the clades of
the virus (26), we did not find CCHFV RNA in any of
the 462 serum specimens tested. This result is consis-
tent with those previously reported in other mammal
species (40-42) and could be explained by the tran-
sient short period of viremia described (<7 days) in
small mammals, small ruminants, and hares (43,44).
However, we know of no studies evaluating viremia
in suids, which would be necessary to establish their
role as natural host of CCHFV.

In conclusion, the results obtained in this study
suggest an endemic and widespread circulation of
the virus in southwestern Spain. Specifically, these
findings indicate high CCHFV exposure in wild boar
populations in endemic areas. We report CCHFV
exposure in domestic pigs, confirming the suscep-
tibility of this species to the virus, although the low
seroprevalence found indicates a limited role in the
enzootic cycle of CCHFV in the Iberian and Mediter-
ranean ecosystems. Therefore, we recommend the
use of biosecurity measures for high-risk activities
with this species to limit exposure to this pathogen.
This study highlights the need to develop surveil-
lance programs in suids to evaluate spatiotemporal
changes in the circulation of CCHFV to prevent in-
fection in humans.
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The COVID-19 pandemic has caused us
to reevaluate what “work” should look like.
Across the world, people have converted
closets to offices, kitchen tables to desks,
and curtains to videoconference back-
grounds. Many employees cannot help but
wonder if these changes will become a
new normal.

During outbreaks of influenza, corona-
viruses, and other respiratory diseases,
telework is a tool to promote social dis-
tancing and prevent the spread of disease.
As more people telework than ever before,
employers are considering the ramifica-
tions of remote work on employees’ use of
sick days, paid leave, and attendance.

In this EID podcast, Dr. Faruque Ahmed,
an epidemiologist at CDC, discusses the
economic impact of telework.
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Detection of Recombinant African
Swine Fever Virus Strains of
p72 Genotypes | and Il In
Domestic Pigs, Vietnham, 2023

Van Phan Le, Van Tam Nguyen, Tran Bac Le, Nguyen Tuan Anh Mai, Viet Dung Nguyen,
Thi Tam Than, Thi Ngoc Ha Lai, Ki Hyun Cho, Seong-Keun Hong, Yeon Hee Kim,
Tran Anh Dao Bui, Thi Lan Nguyen, Daesub Song, Aruna Ambagala

African swine fever virus (ASFV) genotype Il is endemic
to Vietnam. We detected recombinant ASFV genotypes |
and Il (rASFV I/ll) strains in domestic pigs from 6 north-
ern provinces in Vietnam. The introduction of rASFV /Il
strains could complicate ongoing ASFV control measures
in the region.

frican swine fever is a devastating and lethal swine

disease that poses a major threat to wild boars and
domestic pigs (1). The causative agent, African swine
fever virus (ASFV), belongs to the Asfaviridae fam-
ily and has a double-stranded DNA genome with a
length of #170-190 kb (2). The ASFV genome encodes
>150 proteins. ASFV strains have been classified into 24
genotypes on the basis of the C-terminal sequence of the
B646L gene, which encodes the p72 protein (3). Recent-
ly, anew classification based on the complete protein se-
quence of p72 was proposed that would classify ASFV
strains into 6 genotypes (4). ASFV of the p72 genotype II
first emerged in China in 2018, then spreading to nearby
countries in Asia, including Vietnam, Myanmar, South
Korea, Indonesia, the Philippines, Cambodia, India,
and Bangladesh. In 2021, China reported the detection
of low-virulence genotype I ASFV strains (Pig/HeN/
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77-P1/2021 and Pig/SD/DY-1/2021) with high ge-
netic similarity to the nonhemadsorbing strains NH/
P68, isolated in 1968, and OURTS88/3, isolated in 1988,
both from Portugal (5). Several attenuated, low-viru-
lence p72 isolates of genotype Il have also been reported
from China (6).

In 2023, China reported the emergence of high-
ly virulent recombinant ASFV strains of genotypes
I and II (rASFV 1/1I) from Jiangsu (JS/LG/21) and
Henan (HeN/123014/22) Provinces and Inner Mon-
golia (IM/DQDM/22) that show resistance to im-
munity induced by HLJ/18-7GD, a 7-gene deleted
live-attenuated ASFV genotype 1l vaccine (7). The
first outbreak of African swine fever in Vietnam
was reported in Hung Yen Province in 2019 (8). The
responsible virus was later identified as a highly
pathogenic p72 genotype 1l strain that was like the
strains circulating in China at that time. Because Chi-
na announced the discovery of the ASFV p72 geno-
type I, 1I, and rASFV 1/1I strains, we have conduct-
ed a rigorous surveillance program focused on the
northern provinces of Vietnam to monitor emerging
ASFV strains (9,10).

The Study

In September and October 2023, we collected a total
of 26 whole blood samples from pigs suspected to be
infected with ASFV from family farms in 6 different
northern provinces of Vietnam (Hai Duong, Bac Giang,
Hanoi, Phu Tho, Tuyen Quang, and Thai Nguyen)
(Appendix Figure 1, https:/ /wwwnc.cdc.gov/EID/
article/30/5/23-1775-Appl.pdf). We tested the sam-
ples by using an ASFV-specific real-time PCR (Me-
dian Diagnostics Inc., https://mediandiagnostics.
Ocom), according to the kit instructions. Our results
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Table. Characteristics of 6 rASFV I/l isolates obtained from infected swine on family farms that contained p72 sequences of ASFV
genotype |, p54 sequences belonging to genotype Il, and the CD2v sequence belonging to serotype VIII, according to phylogenetic

analysis, northern Vietnam, 2023*

No. Isolate name Collection date Province Sample type Cycle threshold
1 VNUA/rASFV/HD1/23 2023 Sep 23 Hai Duong Whole blood 20.31
2 VNUA/rASFV/BG1/23 2023 Oct 6 Bac Giang Whole blood 17.25
3 VNUA/rASFV/Hanoi1/23 2023 Oct 11 Hanoi Whole blood 17.49
4 VNUA/rASFV/PT1/23 2023 Oct 12 Phu Tho Whole blood 18.41
5 VNUA/rASFV/TQ1/23 2023 Oct 12 Tuyen Quang Whole blood 20.41
6 VNUA/rASFV/TN1/23 2023 Oct 13 Thai Nguyen Whole blood 20.42

*

ASFV, African swine fever virus; rASFV, recombinant ASFV.

showed that all samples were positive for ASFV;
cycle threshold values ranged from 16.58 to 32.13
(data not shown). We then tested the samples by us-
ing conventional PCR to amplify the C-terminal re-
gion of B646L (p72) and the full-length sequences
of the E183L (p54) and EP402R (CD2v) genes, fol-
lowed by Sanger sequencing (1st BASE, https://
base-asia.com) (11). We assembled and analyzed
the sequences by using Geneious Prime (Geneious,

https:/ /www.geneious.com), and we performed the
alignment of nucleotide and amino acid sequences by
using BioEdit version 7.7.1.0 (https://thalljiscience.
github.io/page2.html).

Our phylogenetic analysis using MEGAX
(https:/ /www.megasoftware.net) revealed that 6 of
the 26 samples contained p72 sequences of genotype
I, but the p54 sequence belonged to genotype 1I, and
the CD2v sequence belonged to serotype VIII (Table).

Figure 1. Phylogenetic trees of ASFV, based on the sequences found in the p72 (A), p54 (B), and CD2v (C) regions, Vietnam, 2023.
Black squares indicate rASFV I/ll strain from Vietnam, red circles indicate rASFV I/1l strain from China, black circles indicate first
reported ASFV p72 genotype Il strain from Vietnam, and blue triangles indicate ASFV p72 genotype | strain from China. Scale bars
indicate phylogenetic distance (nucleotide substitutions per site). ASFV, African swine fever virus; rASFV, recombinant ASFV.
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Figure 2. Alignment of ASFV CVR signatures between rASFV genotype I/l strains from Vietnam and China, and genotype | strains from
China, recovered from domestic swine in Vietham and China, 2023. Numbers in parentheses are GenBank accession numbers. ASFV,
African swine fever virus; rASFV, recombinant ASFV; CVR, central variable region.

This finding was consistent with recent pandemic
ASFV genotype Il viruses (Figure 1), suggesting that
those 6 whole blood samples possibly contained re-
combinant ASFV p72 viruses of genotypes I and II
(rASFV 1/1I). The p72, p54, and CD2v sequences of
the remaining viruses were like the viruses from the
ASFV genotype Il viruses reported in Vietnam (8).
We inoculated the 6 whole blood samples onto pri-
mary porcine alveolar macrophages obtained from
the lungs of 8-10-week-old healthy pigs, and we
monitored the cultures daily for 5-7 days for hemad-
sorption. We obtained ASFV isolates positive for he-
madsorption from all 6 samples (Appendix Figure 2).

To gain further insight into the genomes of the 6
rASFV I/1l isolates, we amplified 10 additional genes
(MGF-505-1R, B119L [9GL], 1177L, DP96R [UK],
A238L, A137R, MGF 360-12L, 1226R, B602L, and IGR
[between 173R and I329L]) from all 6 isolates by us-
ing previously reported and newly designed prim-
ers, and we sequenced by using Sanger sequencing
(Appendix Table 1) (12-14). All of the gene sequences
we obtained were deposited into GenBank (acces-
sion nos.: p72, OR999183-88; p54, OR999177-82;
CD2v, OR999147-52; B119L, OR999135-40; DP96R,
OR999153-58; B602L, OR999141-46;1177L, OR999159-
64; MGF 505-1R, OR999171-76; A238L, PP464965-70;
A137R, PP464971-76; MGF 360-12L, PP464977-82;
1226R, PP464983-88; and IGR, OR999165-70). Our ge-
netic analysis showed that all target gene sequences
of the 6 Vietnamese rASFV I/1I isolates matched at
the nucleotide level with the corresponding gene
sequences of the 3 rASFV I/II strains (JS/LG/21,
HeN/123014/22, and IM/DQDM/22) previously
reported in China, with the exception of the central
variable region (CVR) (Appendix Table 2). The nucle-
otide sequences of the CVR region of all 3 rASFV I/II
strains from China showed a 96-nucleotide insertion
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compared with the genotype I strain pig/SD/DY-
1/2021 isolated from China. The isolate VNUA/
rASFV/TN1/23 from Thai Nguyen Province showed
the same 96-nucleotide insertion in the CVR region
(Appendix Figure 3, panel A). However, the unique
36-nucleotide deletion observed in the CVR region of
the JS/LG/21 strain from China was not detected in
any of the rASFV /1l strains from Vietnam (Appen-
dix Figure 3, panel B). Four rASFV 1/1I isolates from
Vietnam (VNUA/rASFV/HD1/23, VNUA/rASFV/
BG1/23, VNUA/rASFV/Hanoil/23, and VNUA/
rASFV/TQ1/23) had an additional 12-nucleotide in-
sertion (108 nucleotides in total) in the CVR region.
The Vietnam isolate VNUA/rASFV/PT1/23 from
Phu Tho Province had an additional 108-nucleotide
insertion (204 nucleotides in total) in the CVR region
(Appendix Figure 3, panel A). Those differences were
reflected in the CVR profile of the viruses (Figure 2).

Conclusions
We report the discovery of 6 rASFV 1/1I strains from
northern Vietnam. To characterize the virus strains,
while attempting to sequence the whole genome of
the 6 isolates, we rapidly sequenced 13 target genes
of these 6 isolates and compared their nucleotide se-
quences with the corresponding sequences of rASFV
I/11 strains from China. All sequences, except for
the CVR region, matched with the corresponding
sequences of rASFV I/II strains from China. The
observation of 3 different CVR variants in Vietnam
indicates 3 possible independent introductions of
rASFV I/II strains into Vietnam. Because ASFV p72
genotype I strains have not been reported in Vietnam,
the rASFV I/1I strains detected in Vietnam may have
originated from China.

Two live-attenuated ASFV vaccines are now li-
censed in Vietnam. Both vaccines have been proven
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to protect young pigs against highly pathogenic
ASFV p72 genotype Il strains circulating in Vietnam.
However, the rASFV 1/1I strains detected in China
appear to be resistant to the live-attenuated ASFV
p72 genotype Il vaccine candidates (7). Therefore, the
newly discovered rASFV I/1I strains in Vietnam are
likely resistant to the immunity induced by the cur-
rent live ASFV vaccines and could replace the ASFV
p72 genotype Il strains circulating in the region. This
possibility poses a major challenge for disease control
and vaccine development and emphasizes the need
for increased vigilance in the global control of ASFV.
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1-1543085-2022-24-02), Ministry of Agriculture, Food and
Rural Affairs, Republic of Korea, and US Swine Health
Information Centre (grant no. 20-085).

About the Author

Dr. Le is a veterinarian and associate professor at the
Vietnam National University of Agriculture and conducts
research in the field of virology, focusing on viruses of
pigs and birds.

References

1. World Organisation for Animal Health. African swine fever.
2023 [cited 2023 Jan 12]. https:/ /www.woah.org/en/
disease/african-swine-fever

2. Gallardo C, Mwaengo DM, Macharia JM, Arias M,
Taracha EA, Soler A, et al. Enhanced discrimination of
African swine fever virus isolates through nucleotide
sequencing of the p54, p72, and pB602L (CVR) genes. Virus
Genes. 2009;38:85-95. https:/ /doi.org/10.1007/511262-008-
0293-2

3. Bastos ADS, Penrith ML, Cruciére C, Edrich JL, Hutchings G,
Roger F, et al. Genotyping field strains of African swine fever
virus by partial p72 gene characterisation. Arch
Virol. 2003;148:693-706. https:/ / doi.org/10.1007/
s00705-002-0946-8

4. Spinard E, Dinhobl M, Tesler N, Birtley H, Signore AV,
Ambagala A, et al. A re-evaluation of African swine fever
genotypes based on p72 sequences reveals the existence of
only six distinct p72 groups. Viruses. 2023;15:2246.
https://doi.org/10.3390/v15112246

994

5. SunE, Huang L, Zhang X, Zhang ], Shen D, Zhang Z, et al.
Genotype I African swine fever viruses emerged in domestic
pigs in China and caused chronic infection. Emerg Microbes
Infect. 2021;10:2183-93. https:/ /doi.org/10.1080/
22221751.2021.1999779

6. Zhenzhong W, Chuanxiang Q, Shenggiang G, Jinming L,
Yongxin H, Xiaoyue Z, et al. Genetic variation and
evolution of attenuated African swine fever virus strain
isolated in the field: a review. Virus Res. 2022;319:198874.
https://doi.org/10.1016/j.virusres.2022.198874

7. Zhao D, Sun E, Huang L, Ding L, Zhu Y, Zhang J, et al.
Highly lethal genotype I and II recombinant African swine
fever viruses detected in pigs. Nat Commun. 2023;14:3096.
https://doi.org/10.1038 /s41467-023-38868-w

8. Le VP, Jeong DG, Yoon SW, Kwon HM, Trinh TBN,
Nguyen TL, et al. Outbreak of African swine fever,
Vietnam, 2019. Emerg Infect Dis. 2019;25:1433-5.
https:/ /doi.org/10.3201/eid2507.190303
Nguyen VT, Cho KH, Mai NTA, Park JY, Trinh TBN,

Jang MK, et al. Multiple variants of African swine fever
virus circulating in Vietnam. Arch Virol. 2022;167:1137-40.
https:/ /doi.org/10.1007/s00705-022-05363-4

10. Mai NTA, Dam VP, Cho KH, Nguyen VT, Van Tuyen N,
Nguyen TL, et al. Emergence of a novel intergenic region
(IGR) 1V variant of African swine fever virus genotype II in
domestic pigs in Vietnam. Vet Res Commun. 2023;47:1773-6.
https:/ /doi.org/10.1007/s11259-022-10068-9

11. Mai NTA, Vu XD, Nguyen TTH, Nguyen VT, Trinh TBN,
Kim Y], et al. Molecular profile of African swine fever virus
(ASFV) circulating in Vietnam during 2019-2020 outbreaks.
Arch Virol. 2021;166:885-90. https:/ /doi.org/10.1007/
s00705-020-04936-5

12. O’Donnell V, Risatti GR, Holinka LG, Krug PW, Carlson J,
Velazquez-Salinas L, et al. Simultaneous deletion of the 9GL
and UK genes from the African swine fever virus Georgia
2007 isolate offers increased safety and protection against
homologous challenge. ] Virol. 2016;91:e01760-16.
https:/ /doi.org/10.1128 /jvi.01760-16

13. O’Donnell V, Holinka LG, Krug PW, Gladue DP, Carlson J,
Sanford B, et al. African swine fever virus Georgia 2007
with a deletion of virulence-associated gene 9GL (B119L),
when administered at low doses, leads to virus
attenuation in swine and induces an effective protection
against homologous challenge. ] Virol. 2015;89:8556-66.
https://doi.org/10.1128 /JV1.00969-15

14. Rodriguez JM, Salas ML, Viiiuela E. Genes homologous to
ubiquitin-conjugating proteins and eukaryotic transcription
factor SII in African swine fever virus. Virology. 1992;186:40-
52. https:/ /doi.org/10.1016/0042-6822(92)90059-X

Address for correspondence: Van Phan Le, Vietnam National
University of Agriculture, Trau Quy, Gia Lam, Hanoi, Vietnam;
email: letranphan@vnua.edu.vn

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024



Toxoplasma gondii Infections and
Associated Factors in Female
Children and Adolescents, Germany

Laura Giese,' Frank Seeber," Anton Aebischer, Ronny Kuhnert, Martin Schlaud, Klaus Stark, Hendrik Wilking

In a representative sample of female children and ado-
lescents in Germany, Toxoplasma gondii seroprevalence
was 6.3% (95% Cl 4.7%—8.0%). With each year of life, the
chance of being seropositive increased by 1.2, indicating
a strong force of infection. Social status and municipality
size were found to be associated with seropositivity.

oxoplasmosis, caused by the protozoan parasite

Toxoplasma gondii, is the most common parasitic
foodborne disease in Germany. The seroprevalence
in adults is exceptionally high (50%) compared with
other countries (1). After infection via either under-
cooked meat from infected animals (pathway 1) or
uptake of infectious oocysts shed by infected cats
(pathway 2), T. gondii persists lifelong in infected per-
sons, posing a risk for reactivation of latent infections
(2). The proportion of pathways 1 and 2 leading to
infection is largely unknown. We previously argued
that in Germany, eating habits like consumption of
raw pork products are likely responsible for the high
seroprevalence (1). Infections in immune-competent
persons remain largely asymptomatic or cause only
mild, influenza-like symptoms. However, severe
disease manifestations can occur, including ocular
toxoplasmosis with sequalae, severe and often fatal
consequences in immunocompromised persons, and
congenital toxoplasmosis (2).

Worldwide, the World Health Organization
(WHO) considered the burden of disease from toxo-
plasmosis to be high. Nevertheless, routine disease
and pathogen surveillance is inadequate, so the inci-
dence of human infection and parasite occurrence in
animals and food is underestimated (3). In Germany,
T. gondii screening during pregnancy to detect and
treat primary infection, which could prevent para-
site transmission to the unborn, is not covered by the
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statutory health insurance. Ongoing discussions to
reevaluate this policy demand data specifically as-
sessing risk estimates for women of reproductive age.

In adults, age, dietary habits, and region of resi-
dence are associated with seroprevalence (1). Com-
parable analyses for children and adolescents are
missing but are needed to estimate the public health
problem and to suggest countermeasures. To provide
such baseline data, this study aimed to estimate sero-
prevalence and to determine associated factors of T.
gondii infections in female children and adolescents in
Germany. The Hannover Medical School ethics com-
mittee approved the study (4).

The Study
The second wave of the nationwide German Health
Interview and Examination Survey for Children and
Adolescents (KiGGS Wave 2) was conducted as a
2-stage sampling survey during 2014-2017 in 167
representative sample points in Germany (4). Serum
specimens of participants 3-17 years of age were
tested for the presence of T. gondii IgG using a highly
sensitive and specific commercial enzyme linked flu-
orescence assay (ELFA), as described previously (1,5).
We determined overall and stratified seropreva-
lence. We used data from standardized interviews to
assess factors associated with seropositivity. On the
basis of our previous serosurvey results in adults (1),
we tested potential associations between seropositiv-
ity and vegetarianism, residence (eastern or western
Germany), municipality size, and socioeconomic sta-
tus. We identified minimal adjustment sets for multi-
variable logistic regression models by using directed
acyclic graphs (Appendix, https://wwwnc.cdc.gov/
EID/article/30/5/23-1045-Appl.pdf). We deter-
mined adjusted odds ratios (aOR) for each exposure
variable with 95% ClIs. We used sampling weights

"These authors contributed equally to this article.
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Table. Stratified weighted seroprevalence of Toxoplasma gondii and results of weighted logistic regression analyses of factors
potentially associated with seropositivity in female children and adolescents, Germany, 2014-2017*

Characteristics No. positive/no. totalt

Prevalence (95% CI) Multivariable analysis aOR (95% CI)

Age group, y

3-6 11/272 3.5(1.3-5.8) Referent

7-10 11/339 3.0 (0.8-5.1) 0.8 (0.3-2.3)

11-13 23/363 7.0 (3.5-10.4) 2.0 (0.9-4.9)

14 17 49/481 11.3 (6.7-15.8) 3.5(1.6-7.4)
Socioeconomic statust

Low 20/211 10.8 (4.7-16.9) 2.7 (1.3-5.9)

Middle 51/868 4.7 (3.1-6.3) Referent

High 19/325 6.1 (3.1-9.2) 1.5 (0.7-3.0)
Municipality size§

<5,000 26/308 9.1 (4.4-13.7) 2.6 (1.1-5.7)

5,000 to <20,000 24/411 4.0 (1.9-6.1) Referent

20,000 to <100,000 23/401 6.4 (2.8-9.9) 1.9 (0.84.5)

>100,000 21/333 6.7 (3.9-9.5) 2.2 (1.1-4.4)
Residenceq

East 57/954 6.3 (4.3-8.3) Referent

West 37/499 6.5 (4.0-8.9) 1.1 (0.6-1.8)
Vegetarian

Yes 7/129 6.4 (4.6-8.2) 1.3 (0.5-3.3)

No 86/1,273 7.4 (1.3-13.5) Referent
Total 94/1,453 6.3 (4.7-8.0)

*We tested 5 hypothesized associations toward seropositivity. Minimum adjustment sets were identified based on directed acyclic graphs (Appendix,
https://wwwnc.cdc.gov/ElD/article/30/5/23-1045-App1.pdf). aOR, adjusted odds ratio.

tUnweighted.

fBased on the multidimensional socioeconomic index according to Lampert et al. (4).

§By number of inhabitants.

f[Western states: Baden-Wdrttemberg, Bavaria, Bremen, Hamburg, Hesse, Lower Saxony, North Rhine-Westfalia, Rhineland-Palatinate, Saarland,
Schleswig-Holstein; Eastern states: Berlin, Brandenburg, Mecklenburg-West Pomerania, Saxony, Saxony-Anhalt, Thuringia.

for all statistical analyses accounting for the study
design. In addition, we calculated survey weights
based on age, sex, residence, nationality, and educa-
tion to correct for deviations from national popula-
tion statistics.

We included 1,453 girls and adolescents (mean
age 10.3 years) in the analyses. Of those, 1,359 tested
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negative and 94 tested positive for T. gondii-specific
IgG. We estimated overall weighted seroprevalence
at 6.3% (95% CI 4.7%-8.0%) (Table).

With each year of life, the chance of being seropos-
itive increased significantly, by 1.2 (95% CI 1.1-1.3).
When we combined the data from the girls with those
of female adults, seroprevalence steadily increased

Figure 1. Weighted
seroprevalence of
Toxoplasma gondii
infections in female children
and adolescents by age,
Germany, 2014-2017 (red).
For comparison, results of
Wilking et al. (3), a previous
study among adults, were
added to the graph (black)

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024
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Figure 2. Weighted
seroprevalence of Toxoplasma
gondii infections in female children
and adolescents by federal state,
Germany, 2014-2017.

with age (Figure 1). This increase is a result of cumu-
lative seropositivity because T. gondii infection is per-
sistent and shows little seroreversion.

Girls living in families with low socioeconomic
status (SES) showed the highest prevalence (10.8%,
95% CI 4.7%-16.9%). Their chance of being seroposi-
tive is 2.7 (95% CI 1.3-5.9) times higher than that
of girls with middle SES. Low social status is often
found to be associated with various disease risks,
which may be a result of lower health literacy and re-
duced options to avoid health-related risks (4).

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

The seroprevalence among girls living in rural ar-
eas (<5,000 inhabitants) was significantly higher than
seroprevalence for girls living in small towns (5,000-
<20,000 inhabitants) (aOR 2.6, 95% CI 1.1-5.7). Simi-
larly, girls living in urban areas (>100,000 inhabitants)
were also 2.2 (95% CI 1.1-4.4) times more likely to be
seropositive than those living in small towns. Greater
exposure to natural habitats, including sand and soil
contaminated due to free-roaming cats (6), as well as
cats and children using the same limited spaces (e.g.,
sandboxes) (7), might explain the respective higher
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risks of infection. We did not observe any regional
distribution patterns (e.g., differences between east-
ern and western Germany) (Figure 2).

Overall, 9.3% of the participants reported being
vegetarian; of those, 6.4% (95% CI 4.6%-8.2%) were
seropositive (aOR 1.3, 95% CI 0.5-3.3). This result is
not significantly different from results for nonvegetar-
ians and is consistent with other studies (8-10). Diet
appeared to have less effect on the risk for infection in
children and adolescents than in adults. This finding
may indicate that the relevance of the 2 transmission
pathways differs significantly between age groups,
and more environmentally associated infections occur
in children and adolescents. Alternatively, risk factors
associated with transmission pathway 1 may have
shifted over time, for example, from improvements
in the production and preparation of meat. However,
more detailed information on the type (raw or under-
cooked) and quantity of meat consumed would have
been beneficial but were not available in our dataset.

Conclusions

Overall, 6 of every 100 girls in Germany become in-
fected with T. gondii during the first 18 years of life,
corresponding to ~340,504 total infections in this
population group. Internationally comparable stud-
ies are limited. Seroprevalence estimates vary world-
wide, from <10% to >60% for girls and 10%-80% for
adults (11,12). Toxoplasmosis causes a higher infec-
tion pressure for girls and young women in Germany
than in countries with similar socioeconomic condi-
tions (11,13). In the United States, for example, the
seroprevalence is significantly lower in age groups
6-11 years (0.9%, 95% CI 0.5%-1.5%) and 12-19 years
(3.1%, 95% CI2.0%-4.6%) (11).

Independent risk factors identified in our study
were age, low social status, and growing up in rural
or urban areas. Those factors have also been associ-
ated with seropositivity in children and adolescents
in other countries (12,14). Further risk factors in-
clude contact with cats (12,14,15), contact with soil
or sand (8,9,15), and consumption of unwashed veg-
etables (8). Growing up on a farm or keeping farm
animals was also associated with increased serocon-
versions (8,10). Regular handwashing showed pro-
tective effects (9,15).

Our data may be helpful as an empirical basis
for prevention guidelines. Implementing screening
of pregnant women is one possibility and should be
reevaluated using current data. Furthermore, our
results indicate that meat consumption does not ap-
pear to be a driving force in children and adolescents,
which calls for different prevention strategies in this
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population than in adults (Appendix). However,
our serosurvey is cross-sectional and represents the
cumulated lifetime risk for infection. Therefore, mis-
classification of exposures (e.g., participants reported
vegetarianism but consumed raw meat earlier in life)
and unmeasured confounding is likely. Thus, our
data are not appropriate for establishing causal rela-
tionships. Future studies should use longitudinal data
containing detailed information on exposures and
time of infection to disentangle different transmission
pathways. The ultimate goal is efficient primary pre-
vention of T. gondii infections; the goal requires inte-
grating the fields of veterinary, human, and environ-
mental medicine in a One Health approach.
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Paranannizziopsis spp. Infection
INn Wild Vipers, Europe

Gaélle Blanvillain, Fernando Martinez-Freiria, Joseph R. Hoyt, Jeffrey M. Lorch, Albert Martinez-Silvestre

We describe the detection of Paranannizziopsis sp.
fungus in a wild population of vipers in Europe. Fungal
infections were severe, and 1 animal likely died from in-
fection. Surveillance efforts are needed to better under-
stand the threat of this pathogen to snake conservation.

ver the past few decades, fungal pathogens have

been implicated in wildlife population declines,
posing a substantial challenge to the conservation
of many species, including herpetofauna (1). In rep-
tiles, most fungal pathogens are within the genera
Nannizziopsis, Paranannizziopsis, and Ophidiomyces,
members of the order Onygenales (2). Of those gen-
era, the most well-documented genus in wild reptiles
is Ophidiomyces, consisting of the single species O.
ophidiicola, which is responsible for ophidiomycosis,
also called snake fungal disease (SFD) (3). Infections
with Paranannizziopsis spp. fungi, on the other hand,
are not well documented, possibly because of wide
overlap with ophidiomycosis in how the disease
manifests (4). Disease associated with Paranannizzi-
opsis infection has been described in captive collec-
tions in North America (2,5-7) and Australasia (2,8).
In wild populations, Paranannizziopsis spp. fungi have
only been detected in nonnative free-living panther
chameleons (Furcifer pardalis) from central Florida,
USA (9), and in wild snakes in the United States and
Canada (4). The geographic extent in wild host popu-
lations and severity of infection associated with Pa-
ranannizziopsis spp. fungi is unknown and deserves
more thorough evaluation. We report infection with a
Paranannizziopsis sp. fungus in 2 wild Seoane’s vipers
(Vipera seoanei) from northwestern Spain. Handling of
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snakes was reviewed and approved by Virginia Tech
Institute for Animal Care and Use Committee proto-
col 20-055. Vipers and tissue samples were collected
under permit from Xunta de Galicia, Spain (permit
no. EB-015/2021).

The Study

On May 14, 2021, two V. seoanei vipers, a subadult
male (body length 31.7 cm, weight 10.3 g) and an
adult female (body length 44.7 cm, weight 61 g), were
captured near Zamans in Vigo, Spain (42.16N, 8.68W;
WGS1984). Both animals were in the process of molt-
ing and displayed many skin lesions on the head and
body. The lesions were particularly abundant for the
subadult male, for which the molting process was
abnormal (i.e., dysecdysis). The animal was lethargic
and appeared moribund. This snake was brought into
captivity for supportive care but died the next day.
The carcass was placed in ethanol until we performed
necropsy and histopathological analyses. The adult
female was reproductive, and, after we collected bio-
metric data and skin swab samples, she was immedi-
ately released at the place of capture.

We swabbed the ventral and dorsal areas of
the snakes in duplicate using a premoistened, ster-
ile polyester-tipped applicator (Puritan, https://
www.puritanmedproducts.com) and stored frozen
swab samples at —20°C until analysis. We extracted
DNA from the samples using PrepMan Ultra Sam-
ple Preparation Reagent (ThermoFisher Scientific,
https:/ /www .thermofisher.com). In addition, we ex-
cised 7 skin lesions (=2 x 4 mm) from the subadult
male at various locations across the body and stored
them in 70% ethanol. We extracted DNA using a
QIAGEN Blood and Tissue kit (QIAGEN, https://
www.qiagen.com) following manufacturer’s instruc-
tions, which included a lyticase lysis step (200 U for
30 min at 30°C) to degrade fungal cell walls.

We screened extracted DNA from both the swab
and tissue samples for the presence of Paranannizziop-
sis spp. and O. ophidiicola fungi using real-time PCR.
O. ophidiicola fungi were not detected in any of the
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samples using a quantitative PCR (qPCR) targeting
the internal transcribed spacer (ITS) region of the fun-
gus (10). Samples from both vipers were qPCR-posi-
tive for Paranannizziopsis sp. fungus by genus-specific
qPCR (4). We amplified and sequenced the full-length
ITS and a portion of the mitochondrial cytochrome
oxidase subunit III (COX3) gene (GenBank accession
nos. OR353533 and OR351968) of the Paranannizziop-
sis sp. fungus, according to published methods (4).
We compared sequences from those loci with exist-
ing sequences in GenBank using BLASTn (11). The
ITS sequence most closely matched P. australasiensis
strains in GenBank: 99.1%-99.6% identity over the
~500 bp region sequenced for strains UAMH 12461
(OR100710), NWHC 24878-7 (OR100711), UAMH
12464 (OR100712), UAMH 12463 (OR100713), UAMH
10439 (KF477218), and UAMH 11645 (NR_111879).
The COX3 sequence shared 99.9%-100.0% identity
(over the =670-bp portion sequenced) with sequence
data from P. australasiensis (strain UAMH 12461
[OR103159], NWHC 24878-7 [OR103160], UAMH
12464 [OR103161], UAMH 12463 [OR103162], UAMH
10439 [OR103163], UAMH 11645 [OR164]), P. californ-
iensis (strain UAMH 10693 [OR103165]), and P. tardi-
crescens (strain CBS 142038 [OR103166]) in GenBank.

Paranannizziopsis spp. Infection in Wild Vipers

After positive detections for Paranannizziopsis sp. fun-
gi from those 2 animals, we also screened additional
skin swab samples collected from V. seoanei vipers in
Spain and Portugal in 2020 and 2021 (n = 37, includ-
ing 1 with a ventral skin lesion). We did not identify
Paranannizziopsis spp. fungi in those additional sam-
ples, indicating a pathogen prevalence of ~5% (2 of 39
samples) (Figure 1).

At necropsy, the subadult male viper had variable
numbers of multifocal to coalescing, raised, white-gray
to dark brown discolored cutaneous lesions, ranging in
size from 1 to 6 mm in diameter, along the left side of
the mouth and labial scales; the lower jaw; and the cen-
tral, dorsal, and caudal regions (Figure 2, panel A). We
took samples of skin, bone, stomach, liver, kidney, and
intestine for histopathological analysis. Tissue sections
were stained by hematoxylin and eosin and Grocott-
Gomori methenamine silver stains. Microscopically,
skin lesions included areas of necrosis with granulo-
cytic inflammation in the superficial to mid-epidermis;
we observed slight edema adjacent to the mid-epider-
mis. Small chronic inflammatory cell aggregates com-
posed of degenerated heterophils mixed with necrotic
cellular debris and proteinaceous fluid were observed
in these lesions. We detected nonpigmented fungal

Figure 1. Spatial distribution of Seoane’s viper (Vipera seoanei) captures and detections of Paranannizziopsis sp. fungus in Spain and
Portugal. Each dot represents an individual snake capture; overlapping points were slightly jittered for visualization. Blue dots represent
snakes that tested negative by real-time PCR, and red dots represent snakes that tested positive by real-time PCR.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

1001



DISPATCHES

Figure 2. Seoane’s viper (Vipera seoanei) collected in Spain that was infected with Paranannizziopsis sp. fungus. A) Gross lesions in
the mouth, on the lower jaw, and on the ventral areas of the body (arrows). B) Lightly stained hyphae (arrows)in section of epidermis
stained with hematoxylin and eosin. Scale bar indicates 20 pm. C) Intralesional hyphae (arrows) in section of epidermis stained with the
Grocott-Gomori methenamine silver method. Scale bar indicates 20 pm.

hyphae at the epidermal surface and breaching the
epidermis under hematoxylin and eosin stain (Figure
2, panel B). We observed structures morphologically
compatible with hyphae under Grocott-Gomori me-
thenamine silver stain (Figure 2, panel C). Those hy-
phae were 1.8-4.9 pm in diameter, were septate, and
had parallel walls with irregular dichotomous branch-
ing. We did not observe any relevant lesions or fungal
elements in the internal tissues and viscera.

Conclusions
The effects of fungal diseases on reptiles have been dif-
ficult to evaluate, especially in cryptic species such as
snakes. We report detection of a Paranannizziopsis sp.
fungal infection in a wild population of V. seoanei vipers
in Spain, and at least 1 viper likely died because of the
infection. The pathology and fungal morphology were
consistent with Paranannizziopsis spp. infections report-
ed elsewhere (2,4-7). Although the strain detected in
the snake that died was most similar to P. australasien-
sis, we were unable to identify the strain to a particular
species of Paranannizziopsis fungus. Additional genetic
analyses on the Paranannizziopsis sp. fungus detected
in Spain might help better resolve its taxonomy.
Whether Paranannizziopsis spp. fungi are native to
the Iberian Peninsula or whether our detections could
represent recent transmission events from captive
snakes remains unclear. We did not detect Paranan-
nizziopsis spp. fungi in additional snakes sampled from
Spain and Portugal, and O. ophidiicola fungus has not
been detected in the Iberian Peninsula (11). Thus, if the
pathogen was recently introduced, spread of this fun-
gus to other vulnerable reptile populations is of concern,
and further investigation is warranted considering the
conservation need for most reptiles worldwide (12). V.
seoanei vipers are a nearly endemic species to the Iberian
Peninsula and is restricted to the northern region of the
Atlantic climate (13). Populations have been severely
impacted by habitat loss and fragmentation, and ecolog-
ical models indicate high vulnerability of this species to
climate change (14). Western populations, where these 2
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infected snakes were found, are at the edge of the spe-
cies” distribution and are the most genetically diverse
and isolated, highlighting their importance for main-
taining genetic diversity (14,15). In light of this factor,
detection of a species of Paranannizziopsis fungus raises
concerns regarding the additive effects of other stressors
and disease on the health of this imperiled population,
and increased surveillance for this pathogen in wild
populations might be warranted.
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Protective Efficacy of Lyophilized
Vesicular Stomatitis Virus—Based
VVaccines in Animal Model

Abd’jeleel Salawudeen, Geoff Soule, Nikesh Tailor, Levi Klassen,
Jonathan Audet, Angela Sloan, Yvon Deschambault, David Safronetz

We evaluated the in vitro effects of lyophilization for 2 ve-
sicular stomatitis virus—based vaccines by using 3 stabiliz-
ing formulations and demonstrated protective immunity of
lyophilized/reconstituted vaccine in guinea pigs. Lyophili-
zation increased stability of the vaccines, but specific ve-
sicular stomatitis virus—based vaccines will each require
extensive analysis to optimize stabilizing formulations.

Live recombinant vesicular stomatitis virus (VSV)
expressing the Ebola virus (EBOV) glycoprotein
(VSVAG/EBOVGP) was evaluated during 2014-2015
as a vaccine to limit the effects of EBOV disease (1).
Because of the success and safety of the EBOV vac-
cine, similar VSV-based vaccines have been proposed
for Sudan and Marburg viruses and for other etiolog-
ic agents of viral hemorrhagic fever diseases, such as
Lassa virus (LASV) (2).

Cold chain maintenance for distributing and stor-
ing VSV-based vaccines is a logistical challenge, espe-
cially when ultralow temperatures (—60°C to —80°C)
are required. The challenge is greater in rural areas,
particularly in developing countries, where infra-
structure and transport systems are often deficient.
We evaluated the effects of lyophilization on the in
vitro recoverability and in vivo protective efficacy of
VSV-based vaccines.

We conducted animal studies in accordance
with the Canadian Council of Animal Care guide-
lines; studies received approval from the Canadian
Science Centre for Human and Animal Health's
institutional Animal Care and Use Committee. We
performed work involving infectious Lassa virus
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in a Biosafety Level 4 laboratory within the Public
Health Agency of Canada. When required, we inac-
tivated materials for subsequent analysis according
to approved procedures.

The Study

We conducted propagation and titration (50% tissue
culture infectious dose [TCID, ]) of VSVAG/EBOVGP
and VSV-based LASV (VSVAG/LASVGPC) vaccines
by using Vero E6 cells as previously described (3). We
evaluated 4 excipients as stabilizers: 2.5% lactalbu-
min hydrolysate (L), 5% sucrose (S), 2.5% trehalose
(T), and 0.25% gelatin (G). We prepared 2x concentra-
tions of each solution initially in Hanks” balanced salt
solution and then evaluated 3 combinations (LS, LST,
or LSTG) (4,5). The control formulation for lyophiliza-
tion was Dulbecco modified Eagle medium (DMEM)
without additives. We mixed each excipient combi-
nation 1:1 with VSVAG/EBOVGP (stock titer 1.26
x 107 TCID,,/mL) or VSVAG/LASVGPC (2.83 x 10"
TCID,,/mL) and dispensed 200 uL of the mixture into
4 mL sterile glass vials (Electron Microscopy Sciences,
https:/ /www.emsdiasum.com). We lyophilized the
vaccine mixtures by using an automated FreeZone
Triad Benchtop Freeze Dryer (Labconco, https://
www.labconco.com) according to the manufacturer’s
specifications (Appendix Table, https:/ /wwwnc.cdc.
gov/EID/article/30/5/23-1248-Appl.pdf).

We stored the vials at 4°C, 21°C, or 37°C for 1,
7,30, and 90 days after lyophilization. At those time
points, we reconstituted each vaccine/stabilizer com-
bination in triplicate in 200 pL of 0.85% saline for 1
hour at room temperature by using gentle agitation.
We then prepared 10-fold serial dilutions in DMEM
and determined virus titers by using standard TCID,,
methodologies, as previously described (3). Titrations
of formulations conducted immediately before Iyoph-
ilization indicated that the addition of stabilizers had
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Table 1. Infectious titers of lyophilized vaccines after 90 day storage at different temperatures in study of protective efficacy of
lyophilized vesicular stomatitis virus—based vaccines in animal model*

Lyophilization medium

Vaccine DMEM DMEM + LS DMEM + LS +T DMEM+LS+T+G
VSVAG/LASVGPC
4°C 6.36 (5.49-7.23) 0.25 (-0.62 to 1.12) 1.25 (0.38-2.12) 0.88 (0.005-1.75)
21°C NC 3.00 (2.06-3.94) 2.88 (1.94-3.82) 1.50 (0.56-2.44)
37°C NC NC NC NC
VSVAG/EBOVGP
4°C 1.57 (0.83-2.31) 0.43 (-0.32 to 1.17) 1.13 (0.39-1.87) 1.55 (0.81-2.29)
21°C 4.50 (4.22-4.78) 2.00 (1.72-2.28) 6.63 (6.35-6.91) 6.25 (5.97-6.53)
37°C 4.38 (4.20-4.56) 4.50 (4.32-4.68) 4.38 (4.20-4.56) 3.75 (3.57-3.93)

*Values are no. (95% Cl), representing the log1o decreases in infectious titers (median 50% tissue culture infectious dose) for vaccines that were
lyophilized in the presence of various stabilizers, stored at the indicated temperatures for 90 days, and then reconstituted. Comparisons are between 1
and 90 days after lyophilization. DMEM, Dulbecco modified Eagle medium; G, gelatin; LS, lactalbumin hydrolysate and sucrose; NC, not calculated; T,
trehalose; VSVAG/EBOVGP, vesicular stomatitis virus expressing Ebola virus glycoprotein; VSVAG/LASVGPC, vesicular stomatitis virus expressing

Lassa virus glycoprotein.

no adverse effect on vaccine recovery. We performed
mean difference calculations to compare TCID,, data
collected on day 1 and day 90 after lyophilization by
using 2-way analysis of variance in GraphPad Prism
10 (Graphpad, https:/ /www.graphpad.com). For the

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

VSVAG/LASVGPC vaccine, the 3 stabilizer formula-
tions provided consistent levels of virus recovery; we
observed little variation after lyophilization/reconsti-
tution and only minor decreases in titers when stored
at 4°C (Table 1; Figure 1). The VSVAG/LASVGPC

Figure 1. Vaccine recovery after
lyophilization in study of protective
efficacy of lyophilized vesicular
stomatitis virus—based vaccines

in animal model. A) VSVAG/
LASVGPC vaccine stored at 4°C;
B) VSVAG/EBOVGP vaccine
stored at 4°C; C) VSVAG/
LASVGPC vaccine stored at 21°C;
D) VSVAG/EBOVGP vaccine
stored at 21°C; E) VSVAG/
LASVGPC vaccine stored at 21°C;
F) VSVAG/EBOVGP vaccine
stored at 21°C. VSVAG/LASVGPC
or VSVAG/EBOVGP vaccines were
lyophilized in DMEM containing

no excipients or containing
combinations of 5% lactalbumin
hydrolysate, 10% sucrose, 5%
trehalose, or 0.5% gelatin and
stored at different temperatures.
At the specified time points,
vaccines were resuspended in
triplicate in normal saline, titered
by using standard tissue culture
techniques, and the median
TCID,, was calculated for each.

p values are indicated above
brackets. Errors bars are SDs.
DMEM, Dulbecco modified Eagle
medium; G, gelatin; LS, lactalbumin
hydrolysate and sucrose; NC, not
calculated; T, trehalose; TCID,,
50% tissue culture infectious dose;
VSV-Lassa, vesicular stomatitis
virus expressing Lassa virus
glycoprotein; VSV-Zebov, vesicular
stomatitis virus expressing Ebola
virus glycoprotein.
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construct was stable for >90 days. By comparison,
the vaccine was not recoverable after >30 days when
stored at 4°C without stabilizers (DMEM only). We
observed similar patterns of stability for the VSVAG/
LASVGPC vaccine when storage temperatures were
increased; albeit, even with the addition of stabilizers,
vaccine recovery was immediately impaired by >1
log,, when stored at room temperature (21°C), and no
recoverable vaccine was observed when formulations
were stored at 37°C. The recovery trends for stabiliz-
er formulations and storage temperature were simi-
lar for VSVAG/EBOVGP and VSVAG/LASVGPC.
However, in general, the VSVAG/EBOVGP vaccine
was more stable than the VSVAG/LASVGPC vaccine
even without stabilizing agents or when stored at in-
creased temperatures (Table 1).

The protective efficacy of VSVAG/EBOVGP and
VSVAG/LASVGPC vaccines against lethal homolo-
gous virus challenge is well established (6). To further
evaluate lyophilized VSV formulations, we immu-
nized groups of 10 Hartley guinea pigs 1 time with
1 x 10° PFU of either VSVAG/LASVGPC or lyophi-
lized /reconstituted VSVAG/LASVGPC (Ly-VSVAG/
LASVGPC) or lyophilized/reconstituted VSVAG/
EBOVGP (Ly-VSVAG/EBOVGP) via intraperitoneal
injection as previously described (7). According to in
vitro assessments, the lyophilized vaccines contained
the LST stabilizer formulation and were stored after

Figure 2. Protective efficacy of
lyophilized vesicular stomatitis
virus—based vaccines in guinea
pig model. A) Body temperatures;
B) weight changes; C) survival;
D) virus titrations in different
tissues. Groups of 10 Hartley
guinea pigs each were immunized
with VSVAG/LASVGPC vaccine
or lyophilized/reconstituted Ly-
VSVAG/LASVGPC or Ly-VSVAG/
EBOVGP. Ly-VSVAG/EBOVGP
was used as the sham-vaccinated
inoculum control group. Animals
were challenged 28 days after
immunization with a lethal dose
of guinea pig—adapted Lassa
virus Josiah strain. Disease
progression was monitored in

6 animals in each group; the
remaining 4 animals per group
were euthanized on day 13
postinfection for analysis of
infectious Lassa virus in tissues.
LOD, limit of detection; Ly-
VSVAG/EBOVGP, lyophilized
vesicular stomatitis virus

lyophilization for 1 week at 4°C. We collected a blood
sample from each of the 30 animals at 28 days postim-
munization, after which we challenged them with
a previously determined lethal dose (10* TCID,) or
10x the 50% lethal dose of guinea pig-adapted LASV
Josiah strain via intraperitoneal inoculation (8). We
monitored 6 animals per group for disease progression
and survival; we euthanized the remaining 4 animals
per group on postinfection day 13 to analyze virus ti-
ters in tissue samples. The first signs of infection de-
veloped on postinfection day 8; increased body tem-
peratures near 40°C occurred in most animals (Figure
2, panel A). Body temperatures in animals immunized
with VSVAG/LASVGPC or Ly-VSVAG/LASVGPC
returned to normal within 2-3 days, whereas body
temperatures in animals that received Ly-VSVAG/
EBOVGP remained elevated at 40°C-41°C until
death of those animals, which occurred 14-16 days
postinfection. We observed weight loss >12% only in
Ly-VSVAG/EBOVGP immunized animals (control
group); consistent weight losses occurred during 8-10
days postinfection (Figure 2, panel B). One animal
immunized with VSVAG/LASVGPC experienced an
abrupt drop in body weight requiring humane eutha-
nasia on day 13 postinfection. Overall, 100% (6/6) of
animals immunized with Ly-VSVAG/LASVGPC and
83.3% (5/6) immunized with VSVAG/LASVGPC sur-
vived the LASV challenge compared with 16.6% (1/6)

expressing Ebola virus glycoprotein; Ly-VSVAG/LASVGPC, lyophilized vesicular stomatitis virus expressing Lassa virus glycoprotein;
TCID,,, 50% tissue culture infectious dose; VSVAG/LASVGPC, vesicular stomatitis virus expressing Lassa virus glycoprotein.
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Table 2. Serologic evaluation of Lassa virus antibodies in immunized guinea pigs in study of protective efficacy of lyophilized vesicular

stomatitis virus—based vaccines in an animal model*

Animal group, n = 10 each Median (range) Average (SEM) Fold increaset
Preimmunization 1.4 (0.8-3.8) 1.8 (0.4) NA
Ly-VSVAG/LASVGPC 100.7 (8-373) 148.6 (44.2) 82
VSVAG/LASVGPC 160.5 (79-262.8) 172 (17.7) 95
Ly-VSVAG/EBOVGP 2(0.7-6.1) 2.4 (0.6) 1.4

*Serum was analyzed for the presence of Lassa glycoprotein-specific antibodies by using an ELISA before challenge with Lassa virus. The standard
curve was generated by using human control serum samples; therefore, values should be considered relative and for comparison purposes only. Ly-
VSVAG/EBOVGP, lyophilized vesicular stomatitis virus expressing Ebola virus glycoprotein; Ly-VSVAG/LASVGPC, lyophilized vesicular stomatitis virus
expressing Lassa virus glycoprotein; NA, not applicable; VSVAG/LASVGPC, vesicular stomatitis virus expressing Lassa virus glycoprotein.

TFold change of average values from immunized animals compared with randomized preimmunization control specimens.

in the Ly-VSVAG/EBOVGP control group (Figure 2,
panel C). Supporting the survival data, we only found
infectious LASV in tissues collected on postinfection
day 13 from the Ly-VSVAG/EBOVGP-immunized
control animals (Figure 2, panel D). Although not test-
ed in vivo, the in vitro data supports similar protective
responses from lyophilized VSVAG/LASVGPC stabi-
lized with LST or LS formulations for >30 days at 21°C
or 90 days at 4°C.

We evaluated vaccine-induced humoral immune
responses in serum samples collected immediately
before virus challenge (28 days postimmunization)
by using LASV and EBOV glycoprotein-specific
ELISAs, as previously described (8,9). Animals im-
munized with Ly-VSVAG/EBOVGP vaccine all had
EBOV-specific ELISA titers >1:6,400. Although those
animals were not challenged with EBOV to assess
the in vivo protective efficacy of the Ly-VSVAG/
EBOVGP vaccine, their antibody responses were con-
sistent with a predicted protective response on the
basis of findings from other studies, including stud-
ies using a similar EBOV guinea pig model (9,10).
Instead, we used Ly-VSVAG/EBOVGP-immunized
animals as sham-vaccinated control animals in the
lethal LASV challenge experiment to control for non-
specific immunity associated with the LST stabilizer
formulation. We monitored LASV-specific responses
by using a glycoprotein ELISA developed for use in
humans (Zalgen Labs, https://www.zalgen.com),
which impedes direct determination of antibody
concentrations in guinea pig samples. Nevertheless,
we observed >75-fold increases in seroreactivity ac-
cording to optical densities and average calculated
concentrations in animals immunized with the Ly-
VSVAG/LASVGPC or VSVAG/LASVGPC vaccines
compared with preimmunization samples or serum
samples collected from animals immunized with
Ly-VSVAG/EBOVGP (Table 2). Furthermore, the
similar average values calculated for animals im-
munized with Ly-VSVAG/LASVGPC and VSVAG/
LASVGPC indicates the lyophilization process did
not appear to deleteriously effect the overall immu-
nogenicity of the VSV-LASV vaccine.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024

Conclusions

We show that lyophilization can increase stability
of VSV-based vaccines, potentially enhancing in-
frastructure and transport systems in rural areas
and developing countries where cold chain man-
agement is challenging. Although the 2 VSV-based
vaccines evaluated in this study only varied in
their glycoproteins, in vitro recoverability efficien-
cies between them using different stabilizers, par-
ticularly gelatin, imply that a universal lyophiliza-
tion method for all VSV-based vaccines might not
be achievable. Therefore, each VSV-based vaccine
will require in-depth experimentation to optimize
formulations.

This work was funded by the Public Health Agency of
Canada and completed in partial fulfillment of A.S.”s MSc
degree from the University of Manitoba.
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Serogroup B Invasive
Meningococcal Disease In Older
Adults Identified by Genomic
Surveillance, England, 2022—-2023

Emily Loud, Stephen A. Clark, David S. Edwards, Elizabeth Knapper,
Lynsey Emmett, Shamez Ladhani, Helen Campbell

We report a cluster of serogroup B invasive meningo-
coccal disease identified via genomic surveillance in
older adults in England and describe the public health
responses. Genomic surveillance is critical for support-
ing public health investigations and detecting the growing
threat of serogroup B Neisseria meningitidis infections in
older adults.

ases of invasive meningococcal disease (IMD)

have declined in England, from 2,595 in 2000
to 205 in 2022 (1). During 2021-2022, a total of 89%
of IMD cases occurred in persons <25 years of age,
and 87% were caused by Neisseria meningitidis cap-
sular group B (MenB) strains (I). IMD remains a
disease of concern, resulting in high rates of dis-
ability; the estimated case-fatality rate was 6% dur-
ing 2021-2022 (1). We describe a MenB cluster in
older adults in the East of England region and the
local and national public health response. The UK
Health Security Agency (UKHSA) designated this
investigation as a surveillance activity and, thus,
ethics review was not required.

The Study

Case-patient 1 was a 58-year-old woman who ex-
perienced a headache and sore throat in early 2023.
Her symptoms worsened, she became confused, and
she sought care 1 week later at a hospital in East of
England, UK (Table). She was intubated, admitted
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directly to intensive care, and treated with ceftriax-
one. N. meningitidis was cultured from the patient’s
blood and cerebrospinal fluid samples. Her case was
reported to the local UKHSA team 2 days after hospi-
talization. Follow-up revealed she had not received
any meningococcal vaccinations, nor had she traveled
abroad or attended mass gatherings. Two household
contacts were given antimicrobial chemoprophylaxis.
Case-patient 1 survived.

Case-patient 2 was an 86-year-old woman who
experienced abdominal pain, diarrhea, and vomit-
ing in early 2023. She manifested sepsis at the same
hospital 2 days after admission of patient 1 and was
treated with amoxicillin/clavulanic acid (Table). N.
meningitidis was cultured from the patient’s blood
sample, and the local UKHSA health protection team
was notified 3 days after hospitalization. She had not
previously received any meningococcal vaccinations
and reported no recent travel history. One household
contact was given antimicrobial chemoprophylaxis.
Case-patient 2 survived.

Initial contact tracing did not identify any links
between the 2 cases. However, on day 16 after patient
1's symptoms began (Table), the UKHSA’s Menin-
gococcal Reference Unit (MRU) identified both N.
meningitidis isolates as serogroup B, type 4, subtype
P1.12-1,16-183. A review of the records revealed that
a contact of patient 1 (who had stayed overnight) had
a relative outside of the household who had also been
admitted to a hospital. After further investigation,
that relative was identified as patient 2. It was then
ascertained that this close contact of patient 1 was vis-
iting patient 2 regularly but not staying overnight.

In accordance with UK national public health
guidance (2), the 3 household contacts were pro-
vided antimicrobial chemoprophylaxis and informa-
tion about IMD. Once the link between the 2 cases
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was known, an incident management team meeting
was convened, involving the health protection team,
MRU, local authority public health team, and Nation-
al Health Service Integrated Care Board members. A
decision was made to offer chemoprophylaxis to 3 ad-
ditional contacts outside of the immediate household.
A total of 9 contacts, including the 6 who received
prophylaxis and 3 extended family members, were
offered the 4CMenB vaccine (Bexsero, https:/ /www.
bexsero.com); vaccinations were arranged with each
person’s general practitioner. The hospital infection
prevention control and microbiology teams were also
involved in managing the risks to exposed healthcare
workers; some of the healthcare team members in-
volved in the intubation of patient 1 were prescribed
antimicrobial chemoprophylaxis.

The MRU identified the isolates from cases 1 and 2
as sequence type (ST) 485 (clonal complex 41/44). Core
genome multilocus sequence typing revealed that the
2 isolates clustered closely together in a monophy-
letic group that had only 4 allelic differences (out of
1422 core genes) between them (Figure) (3). Genotypic
analysis of meningococcal vaccine antigens showed
the isolates harbored factor H binding protein peptide
variant 4 and Neisserial heparin binding antigen pep-
tide 2, both of which are expected to cross-react with
4CMenB antibodies (4). Therefore, the outbreak strain
was predicted to be covered by the 4CMenB vaccine.

Recent cases of ST485 infection have occurred
in Yorkshire and the Humber, the Midlands, East of
England, and London. An analysis of MenB strain
distribution revealed an increasing proportion of
MenB cases caused by ST485 since 2010; ST485 was
the most common ST among MenB cases in England
in 2022 (5). An earlier case (designated case-patient
0) within the same area of East of England in autumn
2022 was also caused by MenB ST485. Case-patient
0 was a 92-year-old woman who sought care in
late 2022 at the emergency department of the same

hospital that admitted patients 1 and 2 (4 months be-
fore patient 1’s symptoms began). She had a 3-day his-
tory of diarrhea, vomiting, and confusion and died on
the same day that she sought care. Her blood culture
test was positive for N. meningitidis. She had no house-
hold contacts or recent travel history. She shared a gen-
eral practitioner surgery and postal code district with
patient 2, but no known contact occurred between the
2 patients. Core genome multilocus sequence typing
analysis of the case 0 isolate showed that it clustered
closely with the isolates from cases 1 and 2, suggest-
ing that the ST485 strain had persisted in the local area
and later caused IMD in patients 1 and 2.

Conclusions

We identified an unusual cluster of MenB IMD in old-
er adults within a small geographic area (<10 miles
across with <20,000 persons) over a 6-month period
after an alert from the MRU. Our findings highlight a
role for genomic surveillance in supporting standard
public health measures and contact tracing processes
and enhancing investigations. Furthermore, clinical
inquiry and good record keeping during the initial
contact tracing process were crucial for identifying
the epidemiologic connection between 2 seemingly
unrelated cases.

Another unusual feature of this cluster was the
patients” ages. In England, a rapid decline in IMD
(along with other infectious diseases) was seen
during the COVID-19 pandemic. After removing
COVID-19 mitigations in July 2021, an increase in
MenB was initially observed among teenagers and
young adults, which subsequently expanded across
all age groups (S. Clark et al., unpub. data, https://
doi.org/10.2139/ssrn.3998164). MenB is rare in older
adults, but this cluster indicates community transmis-
sion of an expanding MenB strain and the ongoing
vulnerability of older adults to such strains. Because
of increasing vaccination of children and adolescents

Table. Initial timelines for 2 cases of serogroup B invasive meningococcal disease in older adults identified by genomic surveillance,

England, 2022—2023*

Day Case 1 Case 2
0 Symptom onset NA
5 Admitted to hospital NA
6 NA Symptom onset
7 Case was reported to health protection team; 2 contacts were Admitted to hospital
identified for prophylaxis.
10 NA Case was reported to health protection team; 1 contact was
identified for prophylaxis.
16 UKHSA Meningococcal Reference Unit flagged possible link between cases from 2 isolates.
17 Epidemiologic link was confirmed, cluster declared, and local partners were alerted. Initial incident management team meeting
was held, where cluster was risk assessed and cases were reexamined.
20 Decision was made to offer vaccination to 9 contacts.
21 Contacts were informed and vaccinations were arranged with primary care personnel.

*NA, not applicable; UKHSA, UK Health Security Agency.
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Invasive Meningococcal Disease, England, 2022—-2023

Figure. Phylogenetic analysis of Neisseria meningitidis isolates in study of serogroup B invasive meningococcal disease in older adults
identified by genomic surveillance, England, 2022—-2023. Inset indicates the entire phylogenetic tree generated by using the neighbor-
net algorithm. Red box indicates the location of the 3 N. meningitidis isolates from East of England within the tree. Core genome
sequences were compared for N. meningitidis clonal complex 41/44 isolates from England, including the 3 East of England isolates,
collected during 2016-2023 (n = 356). Comparisons were made by using the Genome Comparator tool (https://www.pubmlst.org).

The 3 N. meningitidis isolates from East of England clustered closely together in a monophyletic group. Scale bars indicate nucleotide

substitutions per site.

against IMD in the UK (6,7), the proportion of cases in
older adults will likely grow, a shift that has also been
observed across Europe and North America (8). This
shift is concerning because of the comparatively high
case-fatality rates within this older age group (9).

Unlike many polysaccharide-conjugated menin-
gococcal vaccines, such as MenC/ACWY, currently
licensed MenB vaccines are protein based and do
not affect carriage and, therefore, do not confer herd
immunity (10). Protection against MenB can only
be derived from individual vaccination, which in
the United Kingdom is only offered to infants born
since September 1, 2015 (11). Consequently, enhanced
strain characterization and surveillance is crucial to
provide vaccine strain coverage predictions, which
inform decisions on MenB vaccine use during out-
break scenarios (12).

In conclusion, although an adolescent MenACWY
conjugate vaccine program protects all age groups
through herd immunity (13), no such protection is
conferred for MenB, which could lead to a larger pro-
portion of MenB cases in older adults in the longer
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term. Limited data exists on meningococcal carriage
levels and transmission dynamics in older adults (14).
Effective strategies, such as genomic surveillance, are
needed to prevent and control clusters and outbreaks
of N. meningitidis infections in this unprotected group
of older adults.
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Molecular Epidemiology of Mayaro
Virus among Febrile Patients,
Roraima State, Brazil, 2018—-2021

Julia Forato, Céssio A. Meira, Ingra M. Claro, Mariene R. Amorim, Gabriela F. de Souza,
Stefanie P. Muraro, Daniel A. Toledo-Teixeira, Miguel F. Dias, Catia A. R. Meneses,
Rodrigo N. Angerami, Pritesh Lalwani, Scott C. Weaver, Ester C. Sabino, Nuno R. Faria,
William M. de Souza,* Fabiana Granja,* José Luiz Proenca-Modena!

We detected Mayaro virus (MAYV) in 3.4% (28/822) of
febrile patients tested during 2018-2021 from Roraima
State, Brazil. We also isolated MAYV strains and con-
firmed that these cases were caused by genotype D.
Improved surveillance is needed to better determine the
burden of MAYV in the Amazon Region.

Mayaro virus (MAYV) is an endemic and neglect-
ed mosquitoborne alphavirus that causes acute
and chronic debilitating arthritogenic disease in Latin
America and the Caribbean (1). MAYV infection can
cause fever, rash, and arthralgia that can persist for
over a year in some patients (2). MAYYV is transmitted
in its enzootic cycle mainly by sylvatic Haemagogus
janthinomys mosquitoes among nonhuman primates
and other mammals, which can lead to spillover to
humans (2). However, some experimental studies
suggest that MAYV could establish a human-ampli-
fied cycle in urban environments when transmitted
by Aedes aegypti and Ae. albopictus mosquitoes, which
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could lead to a larger public health threat (3,4). No
specific antiviral drugs or vaccines are available to
treat or prevent MAYV infection.

MAYYV infections have been reported in Central
and South America since the 1950s (1,2). However, re-
ports of active circulation of MAYV in human popu-
lations remain scarce, even in MAYV-endemic areas.
We conducted a molecular epidemiology study to in-
vestigate the active circulation of MAYYV in patients
with acute febrile illness during 2018-2021 from the
Amazon Region in Roraima State, Brazil.

The Study

During December 2018-December 2021, we collected
serum samples from 822 patients with acute febrile
illness (up to 10 days from onset of symptoms) seek-
ing care at primary health care units across 11 of the
15 municipalities of Roraima State, North Region,
Brazil. We collected patient information, such as age,
sex, occupation, sample collection data, date of symp-
tom onset, and symptoms, from medical records. We
conducted all procedures in accordance with ethics
committee approval from the Federal University of
Roraima (approval no. 2.881.239) and the University
of Campinas (approval no. 5.625.875).

Next, we extracted RNA from all serum samples
and performed real-time reverse transcription PCR
(rRT-PCR) to detect RNA of MAYYV, chikungunya
virus (CHIKYV), Zika virus, dengue virus (DENV),
and Oropouche virus. We also carried out viral iso-
lation in African green monkey kidney cells (Vero
CCL-81) with some positive samples. Then, we per-
formed sequencing by using the nanopore approach
(6) and conducted maximume-likelihood phylogenetic

These senior authors contributed equally to this article.
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inferences (Appendix, https:/ /wwwnc.cdc.gov/EID/
article/30/5/23-1406-Appl.pdf).

Of 822 patients tested by rRT-PCR, 190 (23.1%)
were positive for >1 arbovirus (Appendix Figure 1).
We detected MAYV RNA in 28 (3%) patients, includ-
ing 15 (54%) patients from Boa Vista, the most popu-
lous municipality in Roraima State (Appendix Figure
2). Most (19 [68%]) MAYV cases occurred during Jan-
uary-July 2021. Among patients with rRT-PCR-con-
firmed MAYV, median age was 31 years (interquartile
range 26-43 years), and the male-to-female ratio was
1:5. The most common signs and symptoms reported
were fever and myalgia, both of which were reported
in 23 (82%) MAYV cases. Arthralgia was reported in
6 (21%) and rash in 3 (11%) cases. The median time
between symptom onset and sample collection inter-
val was 3 days (interquartile range 1-4 days). Three
(11%) of the MAYYV cases were in fishermen who had
direct contact with wildlife.

1014

Next, we isolated 2 MAYYV strains in Vero CCL-81
cells, and we observed cytopathic effects (CPE) ~30
hours after inoculation. Then, we performed 3 blind
passages and confirmed the viral isolation of 2 strains
by using rRT-PCR to detect viral RNA in the superna-
tant of culture cell passages exhibiting CPE. We ob-
served decreased cycle threshold values representing
increased viral loads between passages (Appendix
Figure 3). In addition, we confirmed MAYYV isolates
by using immunofluorescent staining (Appendix Fig-
ure 4). Subsequently, we used nanopore sequencing
to generate the nearly complete coding sequencing of
3 MAYYV strains (2 isolates and 1 directly from a clini-
cal sample). We obtained >90% of MAYV genomes
with a mean depth of coverage of >20-folds per nu-
cleotide. We submitted sequences to GenBank (acces-
sion nos. PP339762-PP339764).

The maximume-likelihood phylogenetic analysis
showed that the MAYV strains circulating in Roraima

Figure. Maximum-likelihood
phylogenetic tree of Mayaro
virus, Roraima State, Brazil,
2018-2021. Phylogeny is
midpoint rooted for clarity of
presentation. Bold text indicates
3 new Mayaro virus genomes.
Bootstrap values based on 1,000
replicates are shown on principal
nodes. Scale bar indicates

the evolutionary distance of
substitutions per nucleotide site.
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State in 2021 belong to genotype D (widely dispersed)
(Figure). We identified no evidence of recombina-
tion in MAYYV strains from Roraima State. The novel
MAYV strains shared 98.6%-98.9% nucleotide se-
quence identity with other genotype D strains. The
new strains formed a distinct and highly supported
monophyletic clade (bootstrap support 100%) and
clustered with strains sampled in Peru and Venezuela
during 1995-2010.

Finally, we also detected CHIKV RNA in 16 (2%)
and DENV in 146 (17.8%) patients tested (Appendix
Figures 1, 5). This number includes 63 patients with
DENV serotype 1 and 89 patients with DENV se-
rotype 2. Of those, we identified 6 (1%) cases with
co-detection of DENV-1 and DENV-2. We detected
most (13 [81%]) chikungunya cases in patients with
febrile illness during January-July 2021, overlapping
with the peak of detection for MAYV. Conversely,
dengue cases were predominantly confirmed (110
[75.3%]) in patients with fever during July 2019-
January 2020. All samples tested were negative for
RNA of Zika virus, Oropouche viruses, and DENV
serotypes 3 and 4.

Conclusions

This study reports the active MAYV circulation
in humans during the concurrent chikungunya
and dengue epidemic in Roraima State, Brazil. We
found that the MAYYV infection cases were caused
by genotype D, suggesting that this widespread
genotype continued to circulate in the Amazon Re-
gion for >60 years. In addition, this same genotype
has been detected in outbreaks in Venezuela (6,7),
which, like Guyana, shares borders with Brazil
through Roraima State.

Arthralgia has been described as a major clinical
characteristic of human MAYV infection (8). How-
ever, only 21% of MAYV-positive patients reported
arthralgia in this study. Our data suggest that labo-
ratory diagnosis of MAYV should be considered for
patients with febrile illness in MAYV-endemic areas,
even in the absence of clinical characteristics typically
associated with MAYYV infection. We also found that
young adults and men account for most of the MAYV
infection cases, probably because of occupational
exposure (9). Persons who work in forest environ-
ments (e.g., in mining, logging, and fishing) could be
a bridge to facilitate the eventual introduction and es-
tablishment of MAYV transmission in urban settings
(7). Moreover, the implementation of augmented
molecular and genomic surveillance in human and
urban vector populations (i.e., Ae. aegypti and Ae.
albopictus mosquitoes) will be critical to monitor the
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potential establishment of MAYV in a human-ampli-
fied transmission cycle.

One limitation of our study is that we focused
on active MAYV infections by using a molecular ap-
proach; however, further serologic studies are needed
to determine the fraction of the population previously
infected. Serologic studies can shed light on the po-
tential effect of cross-protection between CHIKV and
MAYYV in the Amazon Region (10). Moreover, the
higher percentage (76.9%) of samples negative for the
arboviruses tested shows that the metagenomic ap-
proach could be useful in further studies to determine
the landscape of etiologic agents linked with febrile
illness in the triple border region (i.e., Brazil, Guyana,
and Venezuela). Further, we were unable to deter-
mine whether MAYV infections occurred in urban or
forest settings, and we have no follow-up information
on MAYV cases.

In conclusion, our study identified the active
co-circulation of MAYV, DENV, and CHIKV in
patients with febrile illness in Roraima State, Bra-
zil. These findings underscore the critical need
for continuous laboratory diagnosis for MAYV to
determine the prevalence of MAYV in the Ama-
zon Region and the potential changes associated
with urbanization.
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Rat lungworm (Angiostrongylus cantonensis),
causes eosinophilic meningoencephalitis in peo-
ple and other accidental mammal hosts. Tissue
samples were collected from wild brown rats
found dead during 2019-2022 on the grounds of
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confirmed to be infected with A. cantonensis. This
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Seasonal Patterns of Mpox
Index Cases, Africa, 1970—-2021

Camille Besombes, Festus Mbrenga, Ella Gonofio, Christian Malaka, Cedric-Stephane Bationo,
Jean Gaudart, Manon Curaudeau, Alexandre Hassanin, Antoine Gessain, Romain Duda,
Tamara Giles Vernick, Arnaud Fontanet, Emmanuel Nakouné, Jordi Landier

Across 133 confirmed mpox zoonotic index cases re-
ported during 1970-2021 in Africa, cases occurred year-
round near the equator, where climate is consistent.
However, in tropical regions of the northern hemisphere
under a dry/wet season cycle, cases occurred season-
ally. Our findings further support the seasonality of mpox
zoonotic transmission risk.

pox, caused by monkeypox virus (MPXV), re-

mains a neglected tropical zoonotic disease of
forested Central and West Africa (1). Mpox epidemi-
ology is poorly understood, and the MPXV animal
reservoir remains unknown (1). Risk factors for zoo-
notic infection reportedly include direct or indirect
contact with wildlife among subsistence activities in
forests (2-4). Those characteristics may have evolved
in West Africa because Nigeria reported sustained
interhuman transmission of MPXV clade II in 2017,
which led to the emergence of clade IIb and the glob-
al outbreak declared in May 2022 (5). In Central Af-
rica at the time of our study, however, mpox cases
remain typically linked to short chains of interhuman
transmission after zoonotic spillover (1).

After 1990, reported case numbers increased
sharply for Congo Basin/clade I, then a sharp in-
crease in West African/clade II began in 2000 (1).
The lack of systematic surveillance hinders investi-
gative understanding of long-term temporal trends
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(1) and potential seasonality. Available index case
time series suggested seasonal changes in risk and
high-risk periods: outbreaks occurred predomi-
nantly in September in the Central African Repub-
lic (CAR) (6), and during June-August in different
regions of Democratic Republic of the Congo (DRC)
(7-11). We analyzed potential zoonotic transmis-
sion seasonality from reported mpox index cases in
Africa during 1970-2021.

The Study

We systematically analyzed peer-reviewed and gray
literature reporting mpox (formerly monkeypox) in-
dex cases from zoonotic origin in Africa during 1970-
2021. We extracted index case geographic localization
and occurrence dates for temporal and spatial analy-
sis. We used the PubMed query (“1970”[Date-Publica-
tion]: “2021/12/31” [Date-Publication]) AND monkey-
pox AND Africa (Appendix Figure 1, https:/ /wwwnc.
cdc.gov/eid/article/30/5/23-0293-Appl.pdf).

We only included index cases defined as the first
reported case presumed to result from zoonotic trans-
mission in an epidemiologic outbreak investigation.
We excluded cases outside Africa and those related
to secondary interhuman transmission. We also ex-
cluded cases without PCR, viral isolation or culture,
or electron microscopy confirmation; and cases with-
out onset month or geographic localization (Appen-
dix Figure 2).

We defined index sites as locations with >1 in-
dex case. We extracted remotely sensed meteorologic
(precipitation, daytime and nighttime temperature),
topographic (altitude and slope), land use-land cover
data, and fire occurrence data using a 10-km radius
buffer zone around each site (Appendix Table 1).

We conducted unsupervised clustering to re-
group sites into climate and seasonality (here-
after climate), landscape, and environment pro-
files. For climate profiles, we included the average
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cumulative rainfall, daytime and nighttime temper-
ature, and fire index values (Appendix Table 1) for
each month in a principal component analysis. We
performed hierarchical clustering on principal com-
ponents, including 99% of dataset inertia, by using
R version 4.3 (The R Foundation for Statistical Com-
puting, https:/ /www.r-project.org) and FactoMineR
package (https://cran.r-project.org/web/packages/

Table. Location and case characteristics in a study of seasonal
patterns of mpox index cases, Africa, 1970-2021
No. (%) cases,

Variable n =133
Country
Cameroon 7 (5.3)
Central African Republic 44 (33)
Democratic Republic of the Congo 58 (44)
Gabon 2(1.5)
Ilvory Coast 1(0.8)
Liberia 5(3.8)
Nigeria 3(2.3)
Republic of Congo 8 (6.0)
Sierra Leone 4 (3.0)
South Sudan 1(0.8)
Timeframe
1970-1980 35 (26)
1981-1990 8 (6.0)
1991-2000 5(3.8)
2001-2010 16 (12)
2011-2021 69 (52)
Strain
Clade | 115 (86)
Clade Il 17 (13)
Unknown 1(0.8)
Outbreak month
January 15 (11)
February 20 (15)
March 12 (9.0)
April 6 (4.5)
May 7 (5.3)
June 5(3.8)
July 3(2.3)
August 14 (11)
September 16 (12)
October 9 (6.8)
November 14 (11)
December 12 (9.0)
Climate or seasonality profile
Northern hot, wet-dry 23 (17)
Northern cool, wet-dry 47 (35)
Equatorial cool 44 (33)
Southern hot, wet-dry 14 (11)
Other 5(3.8)
Landscape profile
Open forest + river or wetlands 23 (17)
Evergreen closed forest 68 (51)
Deciduous forest, closed or open 26 (20)
Grassland + hills 11 (8.3)
Other 5(3.8)
Combined environmental profile
Evergreen closed forest + warm night 80 (60)
Evergreen open forest + high 10 (7.5)
precipitation
Southern tropical, grassland + hills 14 (11)
Deciduous forest + hot month of January 24 (18)
Other 5(3.8)
1018

FactoMineR/index.html). We grouped sites by maxi-
mizing within-group similarity and between-groups
difference. Following the same approach, we used
variables describing the percentage of each buffer
occupied by each land use-land cover class (e.g.,
evergreen closed forest, cropland) and topographic
variables to obtain landscape profiles. Finally, we
combined the 2 sets of variables to generate combined
environment profiles (Appendix).

We used the Kruskall-Wallis test to first compare
the distribution of latitudes by month of index case
occurrence and then to compare months of occur-
rence according to site environmental characteristics
defined by each profile. Using months as a quantita-
tive variable enabled comparison of periods of the
year rather than specific months. Sensitivity analyses
determined whether the association remained when
restricting the analysis to clade II and to recent (2001-
2021) cases (Appendix).

We identified 208 index cases: 145 reported from
53 peer-reviewed articles, 26 from 35 gray literature
sources, and 37 from CAR national surveillance data
(Appendix Figure 2). After exclusion criteria, we re-
tained 133 index cases from 113 sites; 64% were re-
ported from 2000 onward (Appendix Figure 2). Clade
I represented 86% of index cases, and clade II repre-
sented 13%. DRC accounted for 44% of index cases,
and CAR accounted for 33% (Table).

Index cases occurred at a median latitude of
3.44°N (range: —5.87 to 9.53). Index cases latitudes dif-
fered significantly across months (p = 0.0354). During
January-July (April excluded), index cases mostly oc-
curred <3.44°N, whereas during August-December,
most cases occurred >3.44°N (Figure 1).

We excluded 4 index sites at high altitude (>1,000
m) and 1 Sahelian index site because rare mpox oc-
currence prevented seasonality characterization in
those settings. The other 108 sites clustered into 4 cli-
mate profiles. The equatorial cool profile had temper-
atures <30°C and day-night amplitude <10°C, rain-
fall across all months, and site latitudes ranging from
—4.00° to 4.00°N (Figure 2, panels A, B). The northern
cool wet-dry profile had similarly low temperatures
and amplitude, a dry season during December-Feb-
ruary, and site latitudes in the northern hemisphere.
The northern hot wet-dry profile displayed tempera-
tures >30°C during the hottest months, a marked
dry season during November-March, and latitude
sites in the northern hemisphere. The southern hot
wet-dry profile had similarly hot temperatures, a
dry season in May-August, and latitude sites in the
southern hemisphere (Figure 2, panels A, B). Index
cases occurred mostly in the equatorial cool (33%),

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024



Seasonal Patterns of Mpox Index Cases, Africa

Figure 1. Distribution of cases
in study of seasonal patterns

of mpox index cases, Africa,
1970-2021. A) Mpox index
case sites and month recorded;
black horizontal line indicates
equator. B) Boxplot of latitude of
index case according to month
of occurrence. Red dashed line
indicates the median latitude

of index cases; red solid line
indicates the equator (latitude =
0). The thick black line indicates
the median latitude, and the
box tops and bottom indicate
the upper quartile (above)

and the lower quartile (below).
Whiskers extend from upper
quartile to upper quartile+1.5
interquartile range and extend
down from lower quartile to lower
quartile—1.5 interquartile range.
Solid black dots signify outlying
observations beyond whiskers
range; blue circles identify all
other observations.

northern cool wet-dry (35%), and northern hot wet-
dry profiles (17%) (Table).

Cases occurred throughout the year in the equa-
torial cool profile and varied seasonally in the 2 north-
ern wet-dry profiles; cases were nearly absent during
April-July (Figure 2, panel C). Seasonality analysis
remained inconclusive in the southern hot wet-dry
profile, which had low sample size (n = 14). The dis-
tribution of index case months was significantly dif-
ferent between climate profiles (p = 0.004). That as-
sociation persisted in sensitivity analyses (Appendix
Tables 2, 3). Landscape and combined environment
profiles had poorer association with the month of an
index case (Appendix Tables 2, 3, Figures 4, 6, 7).

Conclusions

We showed that the monthly distribution of mpox
index cases varied with latitude and was associated
with specific climates across the main ecologic mpox
niche, excluding high altitude and Sahelian sites. We
identified high-risk and low-risk periods across the
year in sites located in northern hemisphere climates
with alternating dry and wet seasons (>50% of index
cases analyzed).

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

A potential high-risk season occurred during Au-
gust-March, spanning the last 3 months of the rainy
season and all the dry season. That finding suggests
complex drivers likely related to human and wildlife
ecology. Various seasonal activities can increase hu-
man contact with wildlife. During the wet season,
human populations settle in forest camps to collect
edible caterpillars (6), a major source of protein and
income (12). Hunting and trapping activities, gener-
ally conducted year round, intensify during the dry
season (10). Likewise, dry season slash-and-burn ac-
tivities tend to drive mammals, notably rodents, to-
ward food resources in neighboring fields, resulting
in closer contact with humans.

Multiple obstacles, including access to healthcare,
hinder exhaustive mpox reporting from endemic re-
gions. Therefore, this analysis relied on a limited se-
ries of well-characterized index cases. Such data and
indirect approaches were used extensively to study
mpox ecologic niches (13) and emerging diseases
with similar surveillance gaps (e.g., Ebola virus) (14).
Our conclusion that MPXV zoonotic transmission risk
could be seasonal in regions under a dry-wet season
cycle warrants further investigation.
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Figure 2. Seasonal distribution of
mpox index cases according to

the climate profile in Africa, 1970—
2021. A) Climate/seasonal profile
by site. B) Average monthly rainfall,
temperature, and fire index (dotted
line) for each climate/seasonal
profile. C) Distribution of outbreak
index cases by month for each
climate/seasonal profile.

Ongoing climate and environmental changes
could exacerbate potential underlying seasonal driv-
ers of human MPXV exposure. Determining whether
specific seasons or periods bring greater risk for hu-
man transmission can improve prevention and sur-
veillance initiatives and contribute to identifying
animal reservoirs. For this, a genuine One Health ap-
proach is crucial (15).
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Hunting, preparing, and selling bushmeat
has been associated with high risk for zoo-
notic pathogen spillover due to contact with
infectious materials from animals. Despite
associations with global epidemics of severe
illnesses, such as Ebola and mpox, quantita-
tive assessments of bushmeat activities are
lacking. However, such assessments could
help prioritize pandemic prevention and pre-
paredness efforts.
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discusses mapping global bushmeat activities
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Recurrence, Microevolution, and
Spatiotemporal Dynamics of
Legionella pneumophila Sequence
Type 1905, Portugal, 2014—-2022

Vera Manageiro, Vitor Borges,' Raquel Rodrigues,
Célia Bettencourt, Cecilia Silva, Jodo Paulo Gomes, Paulo Gongalves

We investigated molecular evolution and spatiotemporal
dynamics of atypical Legionella pneumophila serogroup
1 sequence type 1905 and determined its long-term per-
sistence and linkage to human disease in dispersed lo-
cations, far beyond the large 2014 outbreak epicenter in
Portugal. Our finding highlights the need for public health
interventions to prevent further disease spread.

Legionella, the causative agent of Legionnaires” dis-
ease (LD), is a facultative intracellular gram-neg-
ative bacterium that is ubiquitous in freshwater envi-
ronments. Legionella bacteria usually thrive in natural
and artificial water sources, such as cooling towers,
hot water tanks, and plumbing systems. Humans
acquire infection by inhaling bacteria-contaminated
droplets, usually generated by water systems or de-
vices (1). Although the primary mode of transmission
is exposure to contaminated aerosolized water, not all
Legionella species known to cause disease in humans
are exclusively associated with water sources. For ex-
ample, infection with L. longbeachae is associated with
exposure to soil and compost-related products (2).
Although Legionella bacteria typically do not spread
from person to person, that transmission route has
been reported (3,4).

Incidence of Legionella infection in a popula-
tion is primarily influenced by 3 factors: individual
susceptibility, environment, and type of exposure.
Outbreaks often occur in healthcare settings (e.g.,
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hospitals or long-term care facilities) because of the
presence of persons at increased risk for infection
and severe disease (5).

One of the world’s largest outbreaks of LD (>400
cases and 14 deaths) occurred in the Vila Franca de Xira
(VEX) region of Portugal, in 2014 (6,7). The outbreak
was associated with the novel sequence type (ST) 1905
of L. pneumophila subspecies fraseri serogroup 1 strain
(PtVFX/2014), which probably originated from a lo-
cal industrial cooling tower (6,7). In-depth genomic
analyses showed that PtVFX/2014 possesses a unique
and mosaic genomic backbone marked by specific
evolutionary and genetic traits (3), including a recent-
ly identified novel effector with nucleotropism (8),
that may affect its ability to adapt and persist in di-
verse environments and cause human disease. The L.
pneumophila ST1905 strain was also implicated by the
strongest evidence to date of person-to-person trans-
mission of LD (3,4). To our knowledge, L. pneumophila
ST1905 has not been reported in countries other than
Portugal. To elucidate the molecular evolution and
spatiotemporal dynamics of L. pneumophila serogroup
1 ST1905 during 2014-2022, we investigated the phy-
logenetic relationship of strains isolated during that
period at the National Institute of Health, Portugal,
in the context of the National Legionnaires’ Disease
Surveillance Programme.

The Study

Since the large 2014 LD outbreak, the ST1905 geno-
type has been identified several times in Portugal. For
our study, we analyzed all L. pneumophila serogroup
1 ST1905 isolates (6 clinical and 6 environmental)
obtained from samples collected in 3 interconnected

"These first authors contributed equally to this article.
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municipalities in the Lisbon region (Lisbon, Loures,
and VFX) in the context of clinical case investigations
(outbreaks or as sporadic cases) (Figures 1, 2; Appen-
dix 1, https:/ /wwwnc.cdc.gov/EID/ article/30/5/23-
1383-Appl.xlsx; Appendix 2, https://wwwnc.cdc.
gov/EID/article/30/5/23-1383-App2.pdf). We also
included 2 culture-negative clinical samples genotyped
as ST1905 for analysis of the temporal and geographic
distribution of this strain after 2014 (Appendices 1, 2).

Single-nucleotide polymorphism (SNP)-based
diversity analysis confirmed that all ST1905 iso-
lates were genetically similar to PtVFX/2014, dif-
fering by 3-6 SNPs. Overall, the observed micro-
evolution across the 12 isolates was marked by
10 SNPs (9 nonsynonymous and 1 synonymous
mutations), 4 insertion/deletions, and 1 small re-
combination event (Figure 2). The low number of
SNPs during the 8-year period supports the no-
tion that L. pneumophila evolves at a very slow
rate, resulting in substantial temporal and spatial
conservation, as previously reported (9,10). When
compared with PtVFX/2014, all isolates presented
a recombination event in an =2.5-kb region (con-

Legionella pneumophila ST1905, Portugal, 2014-2022

tig 8, PtVFX/2014_08985-08995) belonging to the
type IVA secretion system, which is associated
with the survival of the bacteria in the environ-
ment (11). Of note, Lpn_PT_E259_y2021, isolated
from a sporadic LD case, presented mutational
events, including 2 deletions and 1 insertion, not
found in any other isolates included in this study.
The first deletion encompasses a 45,479-bp segment
(contig 8, PtVFX/2014_09080-09280) that includes
an ~37.5-Kb genomic island containing an [vh/lvr
type IVA secretion system cluster. That cluster was
first identified within the L. pneumophila species in
the PtVFX/2014 strain (PtVFX/2014_09115-09280),
possibly because of interspecies transfer from L.
oakridgensis (3). The second deletion spanned 142
bp and occurred in a CRISPR-associated intergenic
region (PtVFX/2014_08935/08940). Moreover, we
observed a frameshift 25-bp insertion at the Pt-
VFEX/2014_13190 locus, coding for a protein with
unknown function. That locus seems to be specific
for L. pneumophila subsp. fraseri and is located with-
in a larger genomic region that contains known
Dot/Icm substrates (3). Although we cannot make

Figure 1. Geographic spread of 12 Legionella pneumophila sequence type 1905 isolates by probable municipality of exposure (clinical)
or sampling (environmental), Lisbon region, Portugal, 2014—2022. Location of 2014 Legionnaires’ disease outbreak is indicated.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024
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Figure 2. Core SNP-based phylogeny of whole-genome sequencing data from 12 Legionella pneumophila isolates obtained from
samples collected in 3 interconnected municipalities in the Lisbon region, Portugal. Phylogeny was generated using a maximum-
likelihood phylogenetic tree, rooted to the L. pneumophila PtVFX/2014 genome sequence (LORH00000000.1) (2). The investigation
context, year, source, and genetic diversity profile within L. pneumophila genomes (SNPs, indels, and recombination event)
compared with PtVFX/2014, are shown next to the tree. Clin, clinical; env, environmental; ID, identification; o, outbreak investigation;
PtVFX, strain from 2014 Legionnaires’ disease outbreak in Vila Franca de Xira, Portugal; SNP, single-nucleotide polymorphism; s,

sporadic case investigation.

conclusions about a potential adaptive role of the
observed mutations, it has been hypothesized that
mutations found exclusively in clinical isolates, as
in our study, might reflect human-specific adapta-
tion (10). L. pneumophila can infect and replicate in
human alveolar macrophages, but human-to-hu-
man transmission is assumed to be rare; thus, fixa-
tion of those mutations into L. pneumophila circu-
lating in the human population is unlikely (10,12).
Still, it has been proposed that the recent expansion
of L. pneumophila in manmade water systems, to-
gether with the widespread distribution of specific
clones at global scale, aligns with the potential dis-
semination between humans or from humans to the
environment (13).

In-depth phylogenetic and microevolutionary anal-
ysis showed that ST1905 isolates did not cluster by year
of isolation (Figure 2). Still, it is noteworthy that all clini-
cal and environmental isolates associated with a partic-
ular location clustered apart, supporting persistence of
the strain in that location and linkage between different
events in some specific settings. Indeed, in one facility,
located in the Lisbon municipality, we observed a ge-
netic and epidemiologic correlation between the isolates
collected in the outbreak investigation in 2015 and those
from 2018 (Figures 1, 2; Appendix 1). In that facility,
when both clinical and environmental isolates collected
in the same investigation context were available, they
differed by <3 SNPs, further supporting their epidemio-
logic linkage. Local microevolution is expected (13) and
might contribute to fitness changes, such as increased
tolerance to copper (14).

1024

Three mutation events (2 SNPs and 1 recombi-
nation) were shared by all ST1905 isolates collected
after the 2014 outbreak (Figure 2) We retrospectively
inspected isolates from the 2014 outbreak for evi-
dence of any of those mutations (3) and found that
1 nonsynonymous mutation (in PtVFX/2014_02480,
coding for a hypothetical protein) had already been
detected in 1 of the 2014 clinical strains (data not
shown). That observation provides further evidence
that the recurrent ST1905 detections derived from the
large bacterial dispersion that occurred in 2014, prob-
ably resulting from atypical atmospheric conditions
(6,7,15). It also supports the knowledge that L. preu-
mophila outbreaks can be caused by multiple same-
strain subpopulations (present simultaneously in a
source of infection and diversified over time) or even
by different co-existing strains (9).

Conclusions

Our results strongly indicate that the atypical L. pneu-
mophila sgl ST1905 strain is potentially persistent in
diverse and geographically dispersed environments,
far beyond the epicenter of the large 2014 outbreak in
Portugal (VFX region). The recurrence of isolated cases
or outbreaks in other regions with susceptible popula-
tions is thus of public health concern. Moreover, the
observed microevolutionary traits and the potential of
genetic recombination raise additional uncertainties
regarding the evolutionary landscape of the ST1905
strain and its ability to further adapt and persist in
the environment and, ultimately, cause human dis-
ease. Our study highlights the need for targeted public
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health preparedness and control strategies, emphasiz-
ing the added value of molecular epidemiology in the
surveillance and management of LD.
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Antigenic Characterization
of Novel Human Norovirus Gl1.4
Variants San Francisco 2017
and Hong Kong 2019

Kentaro Tohma, Michael Landivar, Lauren A. Ford-Siltz,
Kelsey A. Pilewski, Joseph A. Kendra, Sandra Niendorf, Gabriel I. Parra

Norovirus is a major cause of acute gastroenteritis;
Gll.4 is the predominant strain in humans. Recently,
2 new Gll.4 variants, Hong Kong 2019 and San
Francisco 2017, were reported. Characterization using
Gll.4 monoclonal antibodies and serum demonstrated
different antigenic profiles for the new variants
compared with historical variants.

Norovirus is a major cause of acute gastroenteritis
(1). Over past decades, variants of the predomi-
nant genotype, genotype 4 (GIL.4), have continuous-
ly emerged to escape immunity (2-5). Since 2012, the
Sydney 2012 variant has predominated worldwide
(6). In 2019, GII.4 noroviruses that did not cluster
with any known variants were reported circulating
in different countries as early as 2016 (7,8). Based on
phylogenetic clustering and number of mutations
on major capsid viral proteins (VP1), the variant was
classified GII.4 Hong Kong 2019 (7). The new vari-
ant caused no large outbreaks and did not eclipse
the predominance of Sydney 2012. Another recently
reported unique group of GII.4 noroviruses, the San
Francisco 2017 variant, was retrospectively detect-
ed circulating during 2017-2022 (9). Both variants
showed multiple mutations on major antigenic sites,
including a single amino acid insertion next to the
antigenic site A in San Francisco 2017 (7,9,10). We
characterize the antigenicity of these 2 new variants
using panels of GII.4 mouse monoclonal antibodies
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(mAbs) and hyperimmune serum developed against
historical GII.4 variants (11,12).

The Study

To determine the cross-reactivity of the 2 new variants
with previously circulating variants, we produced
virus-like particles (VLPs) for Hong Kong 2019 (Gen-
Bank accession no.: MN400355) and San Francisco
2017 (GenBank accession no. MW506849) viruses. We
performed ELISA by using mAbs developed against
Sydney 2012 virus (11) and the newly developed VLPs.
Results demonstrated that the Hong Kong 2019 VLPs
bound to most of the mAbs mapping to conserved sites
from protruding (P) and shell (S) domains of the VP1,
but only bound to 2/25 mAbs that mapped to variable
antigenic sites and showed histo-blood group antigen
(HBGA) blockade activity (Figure 1, panel A) (11).
Those results were expected because mutational analy-
ses showed that the Hong Kong 2019 viruses present
multiple mutations on variable antigenic sites (Appen-
dix, https://wwwnc.cdc.gov/EID/article/30/5/23-
1694-Appl.pdf) (7). The loss of binding of 3 cross-re-
active mAbs that mapped to the P domain could be
explained by unique mutations on the conserved sites
(Appendix). VLPs from the San Francisco 2017 variant
bound to all mAbs mapping to conserved sites of the
VP1, but only to 4 mAbs that mapped to variable an-
tigenic sites. Based on previous observations, alanine
on positions 356, 359, or both, play a role in binding
to mAbs 1C10 and 17A5 (11). Thus, alanine on those
positions could explain the binding of mAbs to Hong
Kong 2019 and San Francisco 2017 VLPs. Other mAbs
mapping to the antigenic site G, 26E5 and 29A9, seem
to require residues from antigenic site A (11). Muta-
tions on antigenic site A in San Francisco 2017 could
therefore result in loss of binding of these mAbs
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Figure 1. Monoclonal antibodies
raised against 2 major Gll.4
variants in a study of novel human
norovirus Gll.4 variants, San
Francisco 2017 and Hong Kong
2019. A) Sydney 2012 mAb panel;
B) Farmington Hills 2002 mAb
panel. The heatmaps indicate
ELISA binding strength (OD,,
values) of individual mAbs against
virus-like particles from Gll.4 Hong
Kong 2019 and San Francisco
2017. Antibodies indicate minimal
cross-reactivity between new and
previously described variants.

The binding sites of the mAbs
were characterized in a previous
study (11). mAbs, monoclonal
antibodies; OD,,, optical density
at 405 nm; P, protruding; S, shell.

regardless of similarity to antigenic site G on the Syd-
ney 2012 variant. The 6E6 mAb, mapping to antigenic
site C, was previously reported to cross-react weakly
to Farmington Hills 2002 variant (11), which has 3 mu-
tations compared with Sydney 2012. The San Francisco
2017 presented 4 mutations compared with Sydney
2012; the Hong Kong 2019 variant had 6 mutations
on that site, explaining the differential binding of this
mADb. Similarly, sequence differences on antigenic site I
could explain the lack of binding of mAb 21F8 to Hong
Kong 2019 VLPs.

Because Hong Kong 2019 and San Francisco 2017
present evolutionary convergence and share similar
residues on several of the antigenic sites compared
with the Farmington Hills 2002 variant (Appendix),
we also tested those strains with mAbs developed
against this ancestral variant (Figure 1, panel B). Both
VLPs showed reactivity with all mAbs binding to
conserved epitopes. As expected based on sequence
similarity, Hong Kong 2019 showed reactivity only
with mAbs mapping on antigenic site E/G. San

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

Francisco 2017 was negative to all mAbs mapping
to variable sites, including antigenic site A, which
presented only 3 mutations from Farmington Hills
2002 VLPs. Those data indicate that either a small
number of changes are sufficient to abrogate binding
of all 9 A-mapping mAbs or that the insertion near
the antigenic site A has a major influence on the
characteristics of this antigenic site.

To further characterize the antigenicity of
these new variants, we tested the HBGA blocking
activity of serum from mice immunized with VLPs
from historical variants (Figure 2, panels A, B) (12),
including the currently circulating Sydney 2012, the
ancestral Farmington Hills 2002, and genetically
or phylogenetically related variants: Osaka 2007
for Hong Kong 2019 viruses (7), and New Orleans
2009 and Apeldoorn 2007 for San Francisco 2017
viruses (9) (Appendix). The Hong Kong 2019 VLPs
presented weak cross-blockade reactivity with
the serum raised against all 3 viruses (mean 50%
effective concentration = 118.5 for Sydney 2012,
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Figure 2. HBGA blockade and binding assays in a study of novel human norovirus Gll.4 variants, San Francisco 2017 and Hong Kong

2019. A,B) Line graphs indicating normalized OD

405

curves of Gll.4 variants in HBGA blockade assays using mouse hyperimmune serum

raised against currently circulating strains; A) Hong Kong 2019 VLPs against historical strains; B) San Francisco 2017 VLPs against

historical strains. Normalized OD,,

values were calculated by using values from positive and negative (serum only) control wells. C)

OD, . curves of GllI.4 variant VLPs in HGBA binding assays of Hong Kong 2019 and San Francisco 2017 VLPs and PGM Ill and human

405

saliva, expressing the Lewis?, Lewis®, LewisY, H type-1, and H type-2 HBGA carbohydrates. PGM lll was used as a source of HBGA
carbohydrates. Human saliva was collected from a healthy adult volunteer under US Food and Drug Administration, Center for Biologics
Evaluation and Research protocol no. CBER IRB 16-069B. HBGA, histo-blood group antigen; OD,, optical density at 405 nm; PGM,

porcine gastric mucin; VLP, virus-like particles.

116.9 for Farmington Hills 2002, and 87.6 for Osaka
2007 serum), with >12-fold differences compared
with their homologous VLPs (Figure 2, panel A).
That result was consistent with data from children
with the fewest previous norovirus infections
(10), supporting minimal cross-reactivity of Hong
Kong 2019 to previous variants. In contrast, the
San Francisco 2017 VLPs did not show cross-
blockade reactivity with any of the serum samples
tested from pandemic variants (Figure 2, panel B),
including Sydney 2012 and Farmington Hills 2002,
that shared similar sequences on the antigenic sites
E/G (Sydney 2012) and A (Farmington Hills 2002)
(Appendix). The only exception for cross-reactivity
was with the serum raised against Apeldoorn
2007, which showed moderate cross-blockade
activity with the San Francisco 2017 (50% effective
concentration = 309.2, a 5-fold difference compared
with homologous VLPs). Of note, GI1.4 Apeldoorn
2007 and San Francisco 2017 share the same motif
on the antigenic site D (Appendix). Thus, that cross-
reactivity might be explained by antibodies mapping

1028

on the antigenic site D from Apeldoorn 2007 variant.

Our data indicate that both Hong Kong 2019 and
San Francisco 2017 variants present distinct antigenic
profiles, yet both viruses have been circulating
for >7 years without causing large outbreaks
globally. Multiple examples of antigenically distinct
noroviruses that spread worldwide without causing
large outbreaks exist. Minor variants such as
Osaka 2007 and Apeldoorn 2007 showed distinct
antigenic profiles to variants that circulated before
their emergence (12). Those variants caused local
outbreaks and spread to multiple countries, but none
predominated at the global level (13). Therefore,
changes in antigenicity might not be the only factor
determining the epidemic potential of noroviruses.
Indeed, specific HBGA binding profiles were
associated with emerging noroviruses (14,15). The
new GII.4 variants bound to porcine gastric mucin III
and human saliva, as did other current and archival
variants (9,10) (Figure 2, panel C), suggesting that
impairment of binding to HBGA did not cause the
lower circulation of these viruses.
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In conclusion, these 2 new norovirus variants
are antigenically distinct from previously circulating
variants. Whether these variants will predominate or are
examples of the subdued circulation of minor norovirus
variants remains to be determined. To prepare for
future pandemics, we must delineate the factors that
determine the overall fitness and predominance of GIL4
noroviruses, including but not limited to replication
kinetics, pathogenicity, HBGA binding spectrum, and
epidemiologic confounder.
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Interventional Study of
Nonpharmaceutical Measures
to Prevent COVID-19
Aboard Cruise Ships
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Maria Kyritsi, Katerina Maria Kontouli, Fani Kalala, Mattheos Speletas, Christos Hadjichristodoulou

Cruise ships carrying COVID-19—-vaccinated populations
applied near-identical nonpharmaceutical measures dur-
ing July—-November 2021; passenger masking was not
applied on 2 ships. Infection risk for masked passengers
was 14.58 times lower than for unmasked passengers
and 19.61 times lower than in the community. Unmasked
passengers’ risk was slightly lower than community risk.

n the summer of 2021, several European Union

Member States (EUMS) and European Economic
Area (EEA) countries gradually lifted COVID-19
public health measures and reopened borders. The
easing of restrictions enabled cruise lines to resume
operations, applying guidelines published by the EU
Healthy Gateways Joint Action, the European Centre
for Disease Prevention and Control, and European
Maritime Safety Agency. We assessed the effective-
ness of nonpharmaceutical measures (NPMs) by com-
paring COVID-19 incidence rates among EUMS and
EEA communities and populations of cruise ships
and applying different sets of measures.

The Study

We conducted an ecologic study in which cruise
ships in group 1 (passenger and crew populations on
2 cruise ships, ships A and B) and group 2 (passen-
ger and crew populations of 9 cruise ships) carrying

Author affiliations: European Union Healthy Sailing Project,
Larissa, Greece (V.A. Mouchtouri, L. Kourentis, L. Anagnostopoulos,
K.M. Kontouli, C. Hadjichristodoulou); European Union Healthy
Gateways Joint Action, Larissa (V.A. Mouchtouri, L. Kourentis,

L. Anagnostopoulos, C. Hadjichristodoulou); University of
Thessaly, Larissa (V.A. Mouchtouri, M. Koureas, M. Kyritsi,

F. Kalala, M. Speletas, C. Hadjichristodoulou)

DOI: https://doi.org/10.3201/eid3005.231364

1030

vaccinated populations applied identical NPMs
apart from face masking in passengers and physical
distancing, which group 1 did not apply (1) (Table). The
cruise ship company provided epidemiologic data and
screening and diagnostic results for group 1 (Appen-
dix, https://wwwnc.cdc.gov/EID/article/30/5/23-
1364-App1.pdf). Ship captains or doctors reported epi-
demiologic data and screening and diagnostic results
to competent health authorities and EU Healthy Gate-
ways Joint Action (Appendix). Passenger populations
changed in every cruise, but ~6 passengers remained
onboard the ship for >1 voyage. COVID-19 imposed se-
vere crew change restrictions, and most crew remained
the same during the study; the percentage of crew dis-
embarking likely represented <0.5% of the crew popu-
lation. We calculated COVID-19 incidence rates for the
period of July-November 2021 for groups 1, 2, and 3
(EUMS communities). We obtained epidemiologic data
for EUMS communities from the European Centre for
Disease Prevention and Control website (4).

We calculated incidence rate ratios, standardized
incidence ratios (SIRs), and 95% CI using the epiR
package in R (5). We used Fisher’s exact test to de-
termine statistical significance. We considered p<0.05
statistically significant. We calculated SIRs for groups
1 and 2 by using epidemiologic COVID-19 data in
EUMS and EEA countries during the study period as
a reference population to calculate expected number
of cases onboard (4) (Appendix).

The group 1 health measures protocol was reviewed
and agreed upon by the Hellenic Ministry of Health’s
national COVID-19 taskforce. The study received ap-
proval from the University of Thessaly’s Research Eth-
ics Committee (protocol no. 103/16.11317 1.2021; deci-
sion no. 103/01.12.2021). Written consent for serologic
testing was obtained from all crew members.
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The risk for COVID-19 infection in group 2
(masked passengers of 9 ships) was 14.58 (95% CI
7.799-28.361) times lower than risk for group 1 (un-
masked passengers) and 19.61 (95% CI 18.86-34.48)
times lower than in group 3 (EUMS community
members). Infection risk for unmasked passengers in
group 1 was lower than in the community (SIR 0.744,
95% CI 0.512-1.045; p = 0.094) (Appendix).

Conclusions

Our ecologic study demonstrated that COVID-19
infection risk among masked cruise ship passengers
was 19.61 times lower than in the community (95%

Nonpharmaceutical Measures to Prevent COVID-19

CI 18.86-34.48); the risk for infection among un-
masked passengers was lower than in the commu-
nity but not statistically significant (SIR 0.744, 95%
CI 0.512-1.045; p = 0.094). Those findings suggest
that NPMs implemented onboard the cruise ships
were effective in reducing risk (1). Recent vaccina-
tion for the circulating variant appeared to contrib-
ute to reduced infection risk onboard ships, where
vaccination coverage was almost 100%, compared
with 66% cumulative vaccine uptake among the
EUMS population (3). No outbreak occurred dur-
ing the study period (group 1: median no. cases per
voyage 1.00, range 0-15; group 2: median 0 cases per

Table. COVID-19 health measures, laboratory screening, and diagnostic testing for SARS-CoV-2 per comparison population group in
interventional study of nonpharmaceutical measures to prevent COVID-19 aboard cruise ships*

Comparison population groups

Group 1: cruise ships A and
B sailing in EUMS waters

Variable

Group 2: 9 cruise ships
sailing in EUMS waters

Group 3: EUMS/EEA
community populations

Mask wearing

Unmasked passengers,

Masked passengers and Policies varied

masked crewt crew
Physical distancing$ N Y Policies varied
Daily body temperature measurement for Y Y NA
passengers and crew
Pre-embarkation health screening questionnaire Y Y NA
for passengers and crew§
Quarantine measures for close contacts of Y Y Yes
SARS-CoV-2—positive passengers and crew
members
Buffet line allowed in food service areas{ Y N NA
>95% passengers and crew members Y Y Vaccine coverage varied
vaccinated# in EUMS
Serologic testing for crew members Y N NA
End of voyage reporting by cruise line to Y Y NA
competent authorities for COVID-19 surveillance
data
Other NPMs: education and training; restrictions Y Y Policies varied**
for population density, excursions, and port visit;
policy enforcement
Screening/diagnostic testing for crew members
All crew members already onboard the cruise Y Y NA
ship tested by RADT within 1 wk before
resuming operations
Day of embarkation RADT Y Y NA
Routine RADT Every 7 d Every 7 d Varied among EUMS
Screening/diagnostic testing for passengers
Day of embarkation RADT Y Y NA
RADT before disembarkation Y Y NA
Nonvaccinated (or not fully vaccinated) Y Y NA
passengers tested by RADT on day 3 or 4 of
cruisett

*See Appendix (https://wwwnc.cdc.gov/EID/article/30/5/23-1364-App1.pdf) for more detailed information about definitions and methods used in the study.
EEA, European Economic Area; EUMS, European Union member states; NA, not applicable; NPM, nonpharmaceutical measures; RADT, rapid antigen

detection test.

TAIl passengers wore masks on 1 voyage in which elevated number of cases occurred in cruise ship A.

$Physical distancing of 1.5 m.

§Information collected included demographic information (name, date/time of itinerary, port of disembarkation, cabin number, contact telephone number
for 14 d after disembarkation), health questions regarding the past 14 d (presence of COVID-19 compatible symptoms, close contact of COVID-19 case,
and whether person provided care was in close proximity, traveled on conveyance, or shared household with SARS-CoV-2—positive person).

{IGroup 1 ships provided meals as sitting service and in a buffet line with strict hand hygiene measures, sneeze-guards, replacement of serving utensils,
and food service by crew. Group 2 ships provided meals in a sitting service and not in a buffet line. Both groups applied the same rules about
handwashing, maximum number of persons in food service areas, and distancing of tables and chairs.

#Persons were considered fully vaccinated 14 d after the last dose of a COVID-19 vaccine.

**Other measures applied in the community: gathering restrictions with maximum capacities, masking and physical distancing in indoor public spaces
(theaters, gyms), hybrid policies for education and workplace settings, and proof of vaccination or negative tests to attend events (2).

11During the study period, the cumulative vaccine uptake (%) in the total population in EUMS/EEA (group 3) was ~66% for the primary course (3).
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voyage, range 0-4). Of 44 close contacts of SARS-
CoV-2-positive persons, 10 tested positive during
quarantine, which could be attributed to protective
effects of up-to-date vaccination for the circulating
SARS-CoV-2 Delta variant. No deaths or severe cas-
es were reported among the 11 cruise ships, despite
the highly pathogenic nature of the Delta variant
and older average age of cruise passengers.

Experimental studies in confined spaces dem-
onstrated that masking is one of the most effective
NPMs to prevent aerosol infection transmission (6).
However, a systematic review of clinical trials in
community settings and healthcare facilities demon-
strated that wearing masks in the community likely
makes little difference to outcomes compared with
not wearing a mask (7). Masking in different settings
(ships, hospitals, communities) might have different
effects, however, the effectiveness of masking mea-
sures is likely influenced by how strictly those mea-
sures are enforced. During the pandemic, an absence
of mask-wearing measures resulted in large out-
breaks onboard ships (8,9). Our study demonstrated
reduced COVID-19 incidence rates because of the
protective effect of masking onboard ships. We sug-
gest integrating use of high-filtration masks into rou-
tine case management, outbreak response measures,
and preparedness and contingency planning for fu-
ture public health emergencies of international con-
cern. Crew members presented a lower infection risk
than passengers and community populations, possi-
bly because of mandatory mask use, recent vaccina-
tion, the strict enforcement of masking and vaccina-
tion policies, and reinforced education on symptoms
and reporting requirements.

The first limitation of our study is that direct,
individual observation of passenger and crew com-
pliance was impossible in the uncontrolled environ-
ments of live cruises. The estimated case underre-
porting rates applied (1:4) were based on US data
(February 2020-September 2021), but our study was
implemented in Europe (July-November 2021), so
differences could apply (10). The practice of 14-day
quarantine and monitoring for disembarking pas-
sengers was applied only for close contacts of SARS-
CoV-2-positive persons, so secondary cases could
have been unidentified. We did not collect data on
vaccination type, cabin occupancy, shore-based ex-
cursions, and onboard activities for the entire study
population, so incidence rate differences for those
factors could not be tested. Previous research of a
COVID-19 cruise outbreak demonstrated that in-
volvement in certain group activities (e.g., shows)
and shore-based bus excursions were associated
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with infection, as well as a consistent dose-response
relationship between number of cabinmates and
attack rates in which attack rates decreased as pas-
senger occupancy per cabin decreased (11,12). Al-
ternative exposures, such as preembarkation queu-
ing, social activities, contaminated surface contact,
and common area use, deserve attention. Incubat-
ing passengers might not have been identified, but
daily fever screening and diagnostic testing before
boarding, during voyage, and before disembarking
enhanced surveillance, reducing the possibility of
undetected incubating COVID-19 cases (1). Strate-
gies guaranteeing study protocol adherence were
unfeasible on active voyages; however, enforcing
company protocols and competent authority in-
spections maintained the intervention’s fidelity. Use
of buffet lines in group 1 might be a confounder,
but both groups applied identical food service oc-
cupancy limits; fomite transmission was unlikely
given strict hand hygiene measures, replacement
of serving utensils, sneeze-guards, and food service
by crew. The ship company uniformly applied and
enforced clear policies in groups 1 and 2. That uni-
form application was impossible in group 3 (com-
munities) because implementation policies varied:
full or partial; national, regional, or local; manda-
tory or voluntary; and groups targeted (i.e., at-risk
persons, healthcare workers, travelers). Topics for
further research include cost-effectiveness of NPMs
on cruise ships in the context of pandemics, public
health emergencies of international concern or dur-
ing respiratory illness outbreaks.

In conclusion, our ecologic study demonstrated
the safe restart of cruise ship sector operations and
indicated that mask use added an extra layer of pro-
tection; further studies should be conducted to verify
the results. Masking should be considered in future
public health emergencies when making decisions
regarding NPMs and other measures that could inter-
fere with international traffic and trade.
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During a 2023 outbreak of Mycoplasma pneumoniae—
associated community-acquired pneumonia among chil-
dren in northern Vietnam, we analyzed M. pneumoniae
isolated from nasopharyngeal samples. In almost half (6
of 13) of samples tested, we found known A2063G muta-
tions (macrolide resistance) and a novel C2353T variant
on the 23S rRNA gene.

ycoplasma pneumoniae is a common etiologic

agent of community-acquired pneumonia
(CAP) among children. Although M. pneumoniae
infection often causes a mild and self-limiting dis-
ease, pneumonia develops in #10%-20% of pediatric
patients (1). First-line therapies for M. pneumoniae
infection are based on macrolides, a group of anti-
microbial drugs widely used in outpatient settings
because of their high oral bioavailability. However,
overuse and indiscriminate use of macrolides have
contributed to the emergence of macrolide-resistant
M. pneumoniae (MRMP). Point mutations in the V
region of the M. pneumoniae 23S rRNA gene have
been associated with macrolide resistance (2). In
recent years, prevalence of MRMP has increased
and is very high in Asia (13.6%-100%) (2-4). Dur-
ing spring/summer 2023, hundreds of children with
CAP were admitted daily to each of the major hospi-
tals in Hanoi, Vietnam. M. pneumoniae has emerged
as the major pathogen detected in approximately
one third of patients with CAP (5). We analyzed the
mutations in the 23S rRNA gene of M. pneumoniae
isolated from nasopharyngeal samples of pediatric
CAP patients during the 2023 outbreak in Vinmec
Times City Hospital, Hanoi.

1These authors contributed equally to this article.
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During May 1-July 31, 2024, the real-time PCR
Allplex Respiratory Panel 4 detected M. pneumoniae
in 411 (26.1%) of 1,578 nasopharyngeal samples from
children with suspected CAP. Among M. pneumoniae-
positive samples with a cycle threshold <30, we ran-
domly selected 13 samples from 13 patients for gene
sequencing. We amplified the DNA sequence of the
748-bp region (nt 1963-2710) of the 23S rRNA gene
containing all known MRMP mutations by using
MRMP-F1 (5'-CGTCCCGCTTGAATGGTGTA-3') and
MRMP-R1  (5'-GGCGCTACAACTGGAGCATA-3").
We sequenced the amplicons according to the Sanger
sequencing method by using a BigDye Terminator
v3.1 Cycle Sequencing Kit and Applied Biosystems
3500 Dx Genetic Analyzer instrument (both Thermo
Fisher Scientific, https://www.thermofisher.com).
We assembled the generated sequence data and an-
alyzed them for variations by comparing with the
reference M. pneumoniae strain M129 23S ribosomal
RNA gene (GenBank accession no. NR_077056.1), us-
ing BLAST (http:/ /blast.ncbi.nlm.nih.gov). We used
ClustalW to perform multiple alignments (6). Subse-
quently, we constructed the phylogenetic tree accord-
ing to the maximum-likelihood method with boot-
strap analysis (n = 500) by using MEGA11 software
(https:/ /www.megasoftware.net). The 2-dimension-
al secondary structure of the 23S rRNA gene was pre-
dicted by the R2DT tool (RNAcentral) according to
an SA_LSU_3D template provided by RiboVision (7).

Of the 13 samples, 6 (46.2%) showed single-nucle-
otide variation from the type strain sequence in the V
region of the 23S rRNA gene. A known A2063G mu-
tation was detected in 4 samples, and a novel variant
C2353T was found in 2 samples (Figure, panel A).

The known MRMP mutation A2063G is the
most prevalent mutation reported to date compared
with other infrequent mutations (e.g., A2063T/C,
A2064G, A2067G, A1290G, and C2617A) (2,8). Mu-
tations at site 2063 are also associated with a high
level of macrolide resistance (9,10). The National
Institutes of Health databases showed no recorded
evidence for the sequences containing the C2353T
variant observed in our study (Figure, panel B). We
hypothesize that under selection pressure during
CAP treatment with macrolides, C2353T mutants
have emerged with macrolide resistance. Previ-
ous reports have shown that different mutations
can lead to different levels of macrolide affinity as
well as MIC elevation (8). Demonstration of MRMP
by culture and MIC is not regularly done in clinical
practice; thus, rapid detection of MRMP mutation
may provide useful information for guiding antimi-
crobial drug therapy.
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Figure. Phylogenetic tree

and location of mutations for
Mycoplasma pneumoniae
strains identified in pediatric
patients hospitalized

with community-acquired
pneumonia, Hanoi, Vietnam,
spring/summer 2023.

A) Maximum-likelihood
phylogenetic analysis of the
domain V region of the 23S
rRNA gene. B) Predicted RNA
secondary structure of 23S
rRNA gene constructed with the
description of known mutations
(A2063G/C/T, A2064G,
A2067G, C2617G) and novel
variant (C2353T). Yellow
highlights indicate the domain
V region of 23S rRNA. Scale
bar indicates base substitutions
per site.

Clinical nonresponse to initial macrolide treat-
ment was experienced by 3 (50%) of the 6 pa-
tients with the novel or known mutation and 2
(28.6%) of the 7 without (Table, https://wwwnc.
cdc.gov/EID/article/30/5/23-1632-T1.htm;  Ap-
pendix  Table, https://wwwnc.cdc.gov/EID/
article/30/5/23-1632-Appl.pdf). Other respiratory
bacteria were co-detected in approximately two
thirds of patients in both groups, which might also
affect clinical characteristics.

In summary, we detected the novel C2353T variant
and known A2063G mutations in the 23S rRNA gene
in nearly half of the pediatric patients with M. pneu-
moniae-associated CAP in Vinmec Times City Hospital
during the 2023 outbreak in northern Vietnam. Our
findings are consistent with those of other studies re-
garding the rising prevalence of MRMP in Southeast
Asia. Our study findings may indicate circulation of

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

different MRMP variants in Vietnam or emergence of
new MRMP variants during the recent M. pneumoniae-
associated CAP outbreak among children.
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We report the detection of Crimean-Congo hemorrhagic
fever virus (CCHFV) in Corsica, France. We identified
CCHFV African genotype | in ticks collected from cattle
at 2 different sites in southeastern and central-western
Corsica, indicating an established CCHFV circulation.
Healthcare professionals and at-risk groups should be
alerted to CCHFV circulation in Corsica.

DOI: https://doi.org/10.3201/eid3005.231742

rimean-Congo hemorrhagic fever (CCHF) is a

tickborne disease caused by CCHF virus (CCH-
FV) (species Orthonairovirus haemorrhagiae, genus Or-
thonairovirus, family Nairoviridae, order Bunyavirales).
Endemic in Africa, the Middle East, Asia, and East-
ern Europe, CCHF has expanded to Western Europe
(1). Repeated detection of CCHFV in Spain (2) raises
questions about its circulation in neighboring coun-
tries, such as Portugal, Italy, and France.

In Corsica, a French Mediterranean island, a se-
roprevalence study of CCHFV conducted in livestock
(cattle, goats, and sheep) during 2014-2016 showed
an overall seroprevalence of 9.1%, and cattle har-
bored the highest rates (3). A subsequent surveillance
study of 8,051 ticks collected from wild (wild boar,
deer, and mouflon sheep) and domestic (cattle, hors-
es, sheep) animals during 2016-2020 failed to detect
CCHFV or nairovirus RNA (4).

Since 2022, we have continued CCHFV surveil-
lance by collecting ticks from cattle at 2 slaughter-
houses>2times/month. Cattle originate froma broad
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geographic area, and the national ear-tag identifica-
tion system enables tracing of each animal’s origin
and farm owner (Figure). We identified ticks by us-
ing taxonomic keys, then pooled ticks by species,
sex, development stage, study site, and animal host,
as previously reported (4). We spiked each pool,
consisting of 1-6 ticks, with a predefined amount of
MS2 bacteriophage for monitoring nucleic acid ex-
traction, reverse transcription PCR (RT-PCR), and
nucleic acid amplification (5). We used MagMAX
Viral/Pathogen Ultra Nucleic Acid Isolation Kit
(Thermo Fisher Scientific, https://www.thermo-
fisher.com) to purify nucleic acids. We tested each
sample by using 2 real-time RT-PCRs, 1 targeting the
large (L) RNA segment (2) and 1 targeting the small
(S) RNA segment (6). We used the SuperScript IV

RESEARCH LETTERS

One-Step RT-PCR System Kit (ThermoFisher) to
design 28 CCHFV-specific pairs of primers to am-
plify the S, medium (M), and L segments (Appen-
dix,  https://wwwnc.cdc.gov/EID/article/30/5/
23-1742-Appl.pdf). We sequenced PCR products by
using S5 lon Torrent technology (ThermoFisher). We
determined the best model by using the maximum-
likelihood method and performed phylogenetic
analyses by using MEGAG6 software (7) (Figure).
During June 2022-July 2023, we collected 5,165
ticks from 465 cattle and grouped ticks into 1,491
pools. Tick species consisted of 2,390 (46.27%) Rhipi-
cephalus bursa, 1,103 (21.35%) Hyalomma marginatum,
750 (14.52%) Boophilus annulatus, 507 (9.81%) Hya-
lomma scupense, 238 (4.60%) Haemaphysalis punctata,
127 (2.45%) Ixodes ricinus, 48 (0.92%) Rhipicephalus

Figure. Phylogenetic analysis of Crimean-Congo hemorrhagic fever virus in ticks collected from cattle, Corsica, France, 2023. Map at
left shows locations of cattle from which ticks were collected at the slaughterhouses of Ponte Leccia in the north and Cuttoli-Cortichiatto
in the south during 2022—2023. Phylogenetic trees show small (A), medium (B), and large (C) RNA segments CCHFV strains. Red font
indicates strains detected from Corsica; other sequences are named by GenBank accession number, geographic origin, and sampling
year. Evolutionary analyses were conducted in MEGAG (https://www.megasoftware.net) after best model determination. The optimal tree
is shown for each fragment. Trees were constructed using the maximum-likelihood method based on sequences on the small (Tamura-
Nei model), medium (general time-reversible model), and large (Tamura-Nei model) segments of the virus. All positions with <95%
sequence site coverage were eliminated (i.e., <56% alignment gaps, missing data, or ambiguous bases were allowed at any position
[partial deletion option]). Results of bootstrap test (1,000 replicates) are shown next to the branches. Genotypes are indicated by Roman
numerals (8) with the equivalent clade nomenclature (9): |, West Africa (Africa 1); I, Central Africa (Africa 2); I, South and West Africa
(Africa 3); IV, Middle East/Asia, divided into 2 groups Asia 1 and Asia 2; V (Europe 1), Europe/Turkey (Europe 1); VI, Greece (Europe

2); VIl (Europe 3). Scale bars indicate nucleotide substitutions per site. CCHFV, Crimean-Congo hemorrhagic fever virus; L-RNA, large

segment of CCHFV RNA.
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Table. Description of Crimean-Congo hemorrhagic fever virus in tick pools collected from cattle, Corsica, France, 2023*

Cattle CCHFV—positive CCHFV assay, Ct Tick No. ticks
ID nos.  Cattle origin  Collection date pool nos. L segment S segment Tick species sex__ per pool
2478 Coggia 2022 Sep 27 417 IND IND Haemaphysalis punctata F 1
6069 Coggia 2022 Sep 27 418 IND IND H. punctata M 1
4376 Casaglione 2023 May 9 1252 IND IND Rhipicephalus bursa M 6
1253 IND IND R. bursa M 6
4371 Casaglione 2023 May 9 1233 40.8 IND Hyalomma marginatum M 6
4039 Porto-Vecchio 2023 May 9 1204 35.9 IND R. bursa M 6
1205 34.7 IND R. bursa F 6
1206 34 IND R. bursa F 6
1207 31.9 40 R. bursa M 6
1208 34.2 IND R. bursa M 6
1209 33.7 IND R. bursa F 6
1210 33.5 IND R. bursa M 6
1211 32.9 IND Hyalomma marginatum M 6
1212 34.7 40 R. bursa M 6
1213 33.2 IND Hyalomma marginatum F 6
1214 33.1 IND R. bursa F 6
1215 33.8 IND R. bursa F 6
1218 34.2 IND Hyalomma marginatum M 4
1219 35 IND Hyalomma marginatum F 6
1220 35.1 IND Hyalomma marginatum M 3
1221 34.1 IND R. bursa M 6
1222 36.5 IND R. bursa M 6
1223 35.7 IND Rhipicephalus sanguineus M 1
1224 37.5 IND R. bursa F 1
Total 24 pools 119

*Pools of ticks were tested with quantitative reverse transcription PCR of the L and S segments of CCHFV RNA. A total of 24 pools comprising 119 ticks
were tested CCHFV-positive from 5 animals. CCHFV, Crimean-Congo hemorrhagic fever virus; Ct, cycle threshold; ID, identification; IND, indeterminate

(weakly positive); L, large; S, small.

sanguineus, and 2 (0.03%) Dermacentor marginatus. A
total of 24 (1.70%) pools collected from 5 cattle from
southern Corsica tested positive by the L-RNA assay
(Table). Nineteen of the 24 tick pools were collected
from 1 animal (no. 4039) (Table). Partial sequences for
S (1,340 bp), M (4,894 bp), and L (11,275 bp) segments
were obtained from animal nos. 2478 (pool 417) and
4039 (pool 1207) (Table). The effective detection of
CCHFV genome is strongly supported by the formal
exclusion of contamination because no CCHFV strain
or genome had been previously processed in the labo-
ratory, the PCR systems used can distinguish genom-
ic RNA from the positive control (6), and the CCHFV
sequences obtained were original and unambiguous.

The obtained S and M segment sequences constitut-
ed a monophyletic group belonging to genotype I (Af-
rica 1), whereas the L segment sequence grouped with
genotype IlI strains (Africa 3) (Figure). The sequences of
all 3 segments of the CCHFV from Corsica are closely
related to 2 sequences from Senegal corresponding to
strains identified in the 1970s and likely represent strains
reassorted in Senegal. Whether those strains are typical
of strains from Senegal or have been circulating in other
parts of Africa requires additional investigations.

Our results suggest that CCHFV strains circu-
lating in Corsica and Spain have distinct origins. In
Spain, genotype Il is the most widespread and is most
often detected in H. lusitanicum ticks (2), a species not
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yet identified in Corsica. Trans-Saharan migratory
birds carrying H. marginatum ticks are the most likely
source of CCHFV strains entering Corsica (6). Exami-
nation of the main bird migration routes suggests that
2 different migratory corridors link Spain and Corsica
to Africa; mainly, but not exclusively, West Africa for
Spain and Central Africa for Corsica (6). Those migra-
tion routes also could explain the different origin of
CCHEFYV strains circulating in Corsica and in Spain.

Our results provide evidence for established CCH-
FV circulation in Corsica because detection occurred at
2 distinct sites in the southeastern and central western
parts of the island. In addition, our results provide evi-
dence for infection in cattle because multiple CCHFV-
positive ticks were found on the same animal. CCHFV
detection in feeding ticks is indicative of virus circu-
lation within the cattle population but does not eluci-
date the role of ticks in virus transmission. Our results
must be interpreted by considering previous serologic
evidence of CCHFV circulation in cattle in Corsica (3),
the presence of competent vectors locally (4), and re-
cent reports of CCHFV detection in southern mainland
France (10). The threat of possible continuous expan-
sion and circulation of the virus over Western Europe
should not be disregarded. Healthcare professionals
and other groups at risk for infection, including hunt-
ers and farmers, should be informed about CCHFV
circulation in Corsica.
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In Latin America, rabies virus has persisted in a cycle
between Desmodus rotundus vampire bats and cattle,
potentially enhanced by deforestation. We modeled
bovine rabies virus outbreaks in Costa Rica relative to
land-use indicators and found spatial-temporal relation-
ships among rabies virus outbreaks with deforestation
as a predictor.

( ':osta Rica has benefited from effective vaccina-

tion campaigns to eliminate canine rabies virus

infections. Still, the virus has endured, spread by
vampire bats (Desmodus rotundus) to cattle, with rare
but documented transfer from bats to humans (1,2).
To determine how anthropogenic disturbance affects
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rabies virus incidence and risk in this system, we in-
vestigated the relationship between land-use change
and documented bovine rabies virus outbreaks in
Costa Rica during 1985-2020.

Since 1985, the National Animal Health Service of
Costa Rica (SENASA) has conducted rabies virus sur-
veillance on domestic animals, confirming outbreaks
of >1 cases by using fluorescent antibody testing (3).
We mapped bovine rabies outbreaks during 1985-
2020 reported by SENASA with neighboring land-use
data by using QGIS 3.16.2 (QGIS, https:/ /qgis.org).
Ten outbreaks from the initial SENASA report (n =
119) were removed because of inaccurate location
data, leaving 109 outbreaks for our study.

To evaluate outbreak probability and distribu-
tion, we used kernel density estimations with the
QGIS default bandwidth to create spatial probabil-
ity estimations on the basis of known outbreaks. We
used a kernel function that smoothed and interpo-
lated probabilities across the study area. We used a
kernel radius of 10 km, the maximum vampire bat
foraging range, limiting interpolation to the deter-
mined area (4). We applied a Kulldorff retrospective
space-time scan with an elliptical spatial scan by
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using SaTScan version 9.7 (SaTScan, https://www.
satscan.org) to detect the number of outbreak loca-
tions in space and time (5).

We applied logistic regression by using a general-
ized linear mixed model R-package (https://cran.r-
project.org/web/packages/Ime4/Ime4.pdf) to eval-
uate the effects of land-use factors on bovine rabies
virus outbreak locations compared with random con-
trol locations (n =119). We set the district as a random
effect to account for spatial effects. We set the number
of control points to match the true number of SENA-
SA-reported outbreaks. We created control locations
by using the random points function in QGIS and by
using the 2005 and 2017 agricultural land-use data to
bind nonoutbreak samples to areas that could house
cattle. We matched controls temporally to outbreaks
on the basis of the proportion of outbreaks before and
after 2006.

For each outbreak and control location, we used
district-level human population density and cattle
population density as explanatory variables. We used
the distance to and area of forest cover from each out-
break and control location within a 10-km buffer of
the location. For outbreaks and control events up to

Figure. Kernel density
estimations and Kulldorff space-
time scan results for 109 bovine
rabies outbreaks, Costa Rica,
1985-2020. Scan was limited
to a 10-km distance from the
epicenter of an outbreak to
account for Desmodus rotundus
vampire bat foraging ranges,
enabling the detection of
outbreak locations in space and
time. Kernel density estimations
were interpolated by using
GeoDa version 1.18.0 (http://
geodacenter.github.io), and the
Kulldorff scan was implemented
in SaTScan (https://www.
satscan.org). The bovine rabies
outbreak data is from the
National Animal Health Service
of Costa Rica. Map was created
by using QGIS version 3.16.2
(https://qgis.org).
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Table. Statistical relationship between bovine rabies virus outbreaks and relative variables of distance to forested areas, human

density, and cattle density, Costa Rica, 1985-2020*

Relative variable Estimate t-value p value
Distance to forest 4.33 x10™ 3.32x 10" 1.95 0.05t
Human density -3.93x107° 1.93 x 1075 -1.53 0.13
Cattle density -3.76 x 107° 3.23 x 10°° -0.93 0.35

*Results of a generalized linear mixed model regression analysis used to determine a statistical relationship between deforestation, human and bovine
density, and bovine rabies outbreaks using data from the National Animal Health Service of Costa Rica, the 2014 Atlas of Costa Rica aerial photograph,
the 2018 National Territorial Information System aerial photograph, population data, and population density estimates based on growth trends.

tp-value <0.05 is considered statistically significant.

2014, we calculated forest cover by using the 2014 aer-
ial photograph from the Atlas of Costa Rica (http://
www . kyriosoft.com/atlas). For outbreaks after 2014,
we used a 2018 aerial photograph from the National
Territorial Information System (https://www.snitcr.
go.cr). We used human population data from 2011 for
all detections up to 2011. After 2011, we used a hu-
man population density estimate based on national
growth trends (6). We used a similar approach for
cattle density data based on a dataset from 2014 (7).

Outbreaks occurring in the northern provinces of
Alajuela and Heredia clustered on the basis on their
statistically significant closeness in both location and
time of occurrence (6 outbreaks during 1999-2003;
log likelihood ratio 7.52; p = 0.035) (Figure). The in-
creased number of outbreaks in southern Puntarenas
Province may be because of repeated emergence giv-
en the lack of space-time clustering (Figure).

We found a positive association between the
distance to forested areas and bovine rabies virus
outbreaks (generalized linear mixed model esti-
mate 4.33 x 10™, SE 3.32 x 107; Z-value 1.95; p =
0.05) (Table). Each 1-km increase in distance from
forested areas increased the probability of an out-
break by 4%. This finding aligns with our under-
standing of D. rotundus bat feeding preferences and
rabies virus transmission risk. Decreased forested
roosting site proximity appears to increase D. rotun-
dus bat feeding behavior on cattle (§). Human and
cattle densities were not associated with bovine ra-
bies outbreaks (Table). Because human population
data were unavailable until 2011 and cattle popula-
tion data unavailable until 2014, the effect of those
population densities may be skewed because agri-
cultural intensification in Costa Rica has undergone
major changes during the study period (9).

Our results show an association between defor-
estation and bovine rabies virus outbreaks, highlight-
ing the importance of considering negative health
effects in risk assessments for forest conversion pro-
posals (10). Our results indicated the southern region
of Costa Rica has the highest probability of bovine
rabies outbreaks, indicating the need for localized,
preventative interventions in the south. On the basis
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of recent findings, we must caution against bat cull-
ing as a response to this threat, because disrupting
bat dispersal in unexpected ways may increase the
spread of the rabies virus (2). Because rabies virus re-
mains endemic in Latin America, an increased focus
on integrating spatial, dietary, and surveillance data
for D. rotundus bats is needed to provide additional
insights into land-use effects on the persistence and
spread of the rabies virus.
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With the use of metagenomic next-generation se-
quencing, patients diagnosed with Whipple pneumonia
are being increasingly correctly diagnosed. We report a
series of 3 cases in China that showed a novel pattern
of movable infiltrates and upper lung micronodules.
After treatment, the 3 patients recovered, and lung
infiltrates resolved.
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hipple pneumonia is a rare, chronic, multi-

organ disease, with symptoms including ar-
thritis, diarrhea, and weight loss. Diagnosis is tra-
ditionally confirmed by a histologic examination of
a small bowel biopsy (1). The causative pathogen
is Tropheryma whipplei bacteria, initially identified
from the aortic valve of an endocarditis patient in
2000 (2). The bacterium was successfully cultured
again in 2012 by using a sample of bronchoalveo-
lar lavage fluid (BALF) from a pneumonia patient
with an acute pulmonary infection (2). By using spe-
cial culture systems, laboratories can grow positive
staining or immunofluorescence detectable bacteria
within a macrophage or fibroblast cell in 40-60 days.
Metagenomic next-generation sequencing (mNGS)
is a useful tool for diagnosis.

We report 3 patients in China diagnosed with T.
whipplei pneumonia by using BALF mNGS (Vision
Medicals Company, http://www.visionmedicals.
com) screening during July 2021-December 2022. The
patients had unique radiologic patterns, including
upper lung gathering of micronodules forming a gal-
axy sign, and slightly movable infiltrates before, dur-
ing, and after treatment.

Patient 1 was a 46-year-old man with a produc-
tive cough and a 5-year history of lung abnormality.
His lung lesions gradually increased over time, and
we found gathering micronodules forming a galaxy
sign on the right upper lung (Appendix Figure 1,
https:/ /wwwnc.cdc.gov/EID/article/30/5/23-
1130-App.pdf). T. whipplei bacteria was the only
pathogen we recovered from BALF screened by us-
ing mNGS.

Patient 2 was a 67-year-old man with progres-
sive dyspnea, productive cough, poor appetite, and
weight loss. Repeated high-resolution computed
tomography (CT) showed gradual increase of dif-
fused micronodules gathering on the upper right
lung for 6 months before diagnosis (Figure, panel
A). Lesions in the upper right lung also showed
movement. After bronchoscopic examination, T.
whipplei bacteria was the only pathogen we recov-
ered from BALF. Our histologic examination of the
lung biopsy showed increased foamy macrophages
within the alveolar space and thickened alveolar
septal (Figure, panel B); neutrophils were the pre-
dominant cell type seen.

Patient 3 was a 57-year-old man with complaints of
cough and chest tightness. We found diffuse ground-
glass micronodules in the left upper lung (Appendix
Figure 2). We performed mNGS of BALF and found
Cryptococcus spp. yeast and T. whipplei bacteria. We
treated the patient with fluconazole. Six months later,
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the patient was readmitted to our hospital because of
chest tightness and dry cough. We repeated mNGS, and
T. whipplei bacteria was the only pathogen identified.

The lung tissue from all 3 patients was negative
for periodic acid-Schiff and anti-acid staining. We per-
formed an enteroscopic examination on the patients 2
and 3; both were negative. We treated the 3 patients
with intravenous ceftriaxone (2 g/d) for 2 weeks,
then we began combination therapy of minocycline
and hydroxychloroquine for an extended period. All
3 patients responded well to treatment, and chest CT
showed improvement of lung lesions.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024
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We conducted a literature review for similar
cases. We systematically reviewed PubMed for “T.
whipplei” or “Whipple’s disease” and “pneumo-
nia” for the period July 2021-December 2022. We
included literature for analysis if they provided in-
dividual patient and imaging data. We defined acute
pulmonary infection by classic clinical manifestation
and opacity on a chest radiograph or a CT scan. A
total of 97 patients with Whipple pneumonia were
mentioned. CT findings were available for 14 pa-
tients from 7 studies (2-8). The CT findings included
bilateral alveolar consolidation, mass, nodule with

Figure. High-resolution computed
tomography imaging and histology
findings of the lung biopsy from

a 67-year-old patient in China
who had Tropheryma whipplei
pneumonia. A) High-resolution
computed tomography imaging
showing gradual increase of
diffused micronodules gathering
in the upper right lung 6 months
before diagnosis. In October
2021, micronodular and cord-like
consolidation were seen on the
upper right lung. In April 2022,
the lesions were seen changing
on both range and pattern and
forming movable properties. In
June 2022, the lesions were
changed and scattered compared
with lesions observed in April
2022. In September 2022,

lesions were absorbed after 3
months of combined therapy
consisting of minocycline and
hydroxychloroquine. B) Magnified
portion of slide showing histologic
findings from the lung biopsy of
the patient. The top image shows
increased foamy macrophages
within alveolar space, thickened
alveolar septal and collagen
deposition. The top image

stain is hematoxylin and eosin
staining, with arrows indicating
foamy macrophages that have
phagocytosed carbon pigment;
the bottom image is periodic acid-
Schiff staining and is negative for
foamy macrophages. Insets show
the entire histology slide.
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Table. Categorized data from previously published studies on high-resolution CT findings, symptoms, inflammatory indicators, and

immune status in patients with Tropheryma whipplei infection*

Patient Inflammatory Patient immune
Study (reference) age, y/sex CT findings Symptoms indicators status
Fenollar et al. (2) 70/F Diffuse bilateral Nocturnal sweats, fever, Unremarkable Immunocompetent
micronodular involvement, dyspnea, myalgia, leukocyte and CRP
mediastinal arthralgia, diarrhea levels

lymphadenopathy

Stein et al. (3) 24/M Right upper lobe Dyspnea, productive Elevated leukocyte HIV
pneumonia and bilateral  cough, high-grade fever and CRP levels
alveolar condensation

Zhang and Xu (4) 26/M A thick-walled cavity in Breathing-related chest Unremarkable Immunocompetent

the left upper lung pain leukocyte and CRP

levels
Kelly et al. (5) 31/M Several discrete nodules Dry cough with Elevated ESR Immunocompetent
progressive weight loss,
malaise, poor appetite

Li et al. (6) 39/F Diffuse bilateral ground  Coughing, dyspnea, low- Elevated neutrophil Immunocompetent

glass opacity and grade fever and CRP levels

consolidation

Canessa et al. (7) 60/F Alveolar consolidation in Diarrhea, progressive Unknown Unknown

the left lower lobe, dyspnea, dry cough,

pleural effusion weight loss

Lin et al. (8) Mixed Nodular type: ground Respiratory symptoms, Unremarkable Unknown

glass nodules or solid
nodules; pneumonia type:

weight loss, fever, rare
gastrointestinal

leukocyte and CRP
levels

focal or patchy mixed

density shadow; other

manifestations: cavity,
cystic, or pleural effusion.

symptoms

*CRP, C-reactive protein; CT, computed tomography; ESR, erythrocyte sedimentation rate.

cavitation, ground-glass opacity, and diffuse mi-
cronodules (Table). Mediastinal lymphadenopathy
was described in 1 patient. Therapeutic outcomes
were described in 5 patients, and no patients died
from pneumonia. Only 1 patient had a comparative
chest CT before and after treatment. No patients
demonstrated movable lung infiltrates.

A 17-year-long retrospective study identified
36 patients with positive PCR results of T. whipplei
bacteria; of those, 8 patients had pulmonary in-
volvement, and only 3 patients had abnormalities in
chest imaging (9). Another study showed that 6.1%
(88/1,430 samples) of BALF samples were positive
for T. whipplei bacteria; 58 patients had pneumonia,
and T. whipplei bacteria was identified as the caus-
ative pathogen for 9 patients (10). One study ana-
lyzed the characteristics of 70 patients positive for
T. whipplei bacteria in BALF detected by mNGS in
which T. whipplei was the only pathogen recovered
for 20 patients (8); in that study, 15 patients received
therapy, and 6 patients improved after treatment (8).
In our study, T. whipplei bacteria was the only patho-
gen in 2 patients and was repeatedly detected in the
third patient. In our patients, the infiltrates exhibited
movable changes over time before, during, and after
treatments. Histologic examination of case 2 showed
a collagen and carbon deposition within lung tis-
sue without any history of coal mine exposure,
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suggesting that T. whipplei bacterial infection can
cause chronic infection and scar formation, eventu-
ally leading to granulomatous-like changes within
lung tissue. All 3 patients symptoms improved after
receiving the first-line treatment recommendation of
minocycline and hydroxychloroquine (1).

In conclusion, Whipple pneumonia is increas-
ingly recognized when mNGS is used. We report a
relatively unique feature of CT findings in patients
with Whipple pneumonia and provide support for
choosing combination treatment using minocycline
and hydroxychloroquine.
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Dogs are known to be susceptible to influenza A viruses,
although information on influenza D virus (IDV) is limited.
We investigated the seroprevalence of IDV in 426 dogs
in the Apulia region of Italy during 2016 and 2023. A total
of 14 samples were positive for IDV antibodies, suggest-
ing exposure to IDV in dogs.

Inﬂuenza D virus (IDV) was first identified from
swine exhibiting influenza-like symptoms in
2011 in the United States (1). IDV RNA or antibod-
ies have been detected worldwide in several animal
hosts, including cattle, swine, small ruminants, ca-
melids, and wild ungulates, although cattle are the
main reservoir (2).

Because of social interactions, dogs are known
to occasionally transmit pathogens to humans. In
addition to being susceptible to canine influenza A
viruses, dogs seem susceptible to common human
influenza viruses and to avian viruses. Antibodies to
influenza C virus (ICV) have been reported, suggest-
ing that dogs may be naturally infected by ICV (3).
However, information on the susceptibility of dogs to
IDV is lacking.

We estimated the seroprevalence of IDV in
household adult dogs on a total of 426 serum samples
collected in 2016 (n = 169) and in 2023 (n = 257) in the
Apulia region, Italy. The samples were collected by
veterinary offices either for presurgical evaluation (n
= 361) or for routine analysis (n = 65). We tested the
samples in duplicate by using a hemagglutination in-
hibition (HI) assay against 2 IDV strains, D/bovine/
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Table 1. Serum testing for influenza D virus results showing HI and VN assay titers of dog samples collected in 2016 in the Apulia

region, Italy*

D/bovine/Oklahoma/660/2013 D/swine/ltaly/199724-3/2015
Sample no. HI VN HI VN
4 10-10 <10 <10 <10
66 80-80 160-160 80-80 10-10

*Samples were tested against 2 strains of IDV, D/bovine/Oklahoma/660/2013 (D/660 lineage) and D/swine/ltaly/199724-3/2015 (D/OK lineage). For
calculation purposes, titers below the detectable threshold of 10 were expressed as <10. HI, hemagglutination inhibition assay; VN, virus neutralization

assay.

Oklahoma/660/2013 (D/660 lineage; (provided by
Prof. Feng Li, University of Kentucky) and D/swine/
Italy/199724-3 /2015 (D/OK lineage; obtained from
the European Virus Archive). We tested the HI-pos-
itive samples and a subset of negative samples by
virus neutralization (VN) assay. We analyzed the
IDV-positive samples collected in 2023 for the pres-
ence of ICV antibodies (human influenza C/human/
Victoria/2/2012 virus; provided by Victorian Infec-
tious Diseases Reference Laboratory, Melbourne, Vic-
toria, Australia), although the 2016 samples could not
be screened because of the limited residual volume
(Appendix Figure 1, https:/ /wwwnc.cdc.gov/EID/
article/30/5/23-1401-Appl.pdf). We considered an
IDV antibody titer >10 a positivity cutoff for the HI
and VN assays (4).

Our screening of the 2016 samples for HI (Ta-
ble 1) resulted in 2 samples (2/169; 1.2% [95% CI
0.05%-4.5%]) testing positive for the D/660 lin-
eage. One of the 2 samples (1/169; 0.6% [95% CI
0.0%-3.6%]) was also positive for the D/OK lineage
by HI. Only the sample with double HI reactivity
was also positive in the VN assay. For the samples
collected in 2023, a total of 12 samples (12/257;
4.7% [95% CI 2.6%-8.1%]) were positive for D/660
lineage by HI, and none of the samples were posi-
tive for D/OK lineage (Table 2). The 2023 samples
positive for HI were also tested in VN, and only 5
serum samples (41.7%) possessed neutralizing anti-

bodies for D/660 lineage. The HI titers of the posi-
tive samples ranged from 10 to 160. The VN titers of
the positive samples ranged from 10 to 80 (Table 2).
Five of the 12 HI-positive samples tested positive
for antibodies against ICV (Table 2).

Our findings provide evidence of dog exposure
to IDV at a low prevalence. Because most animals
were household dogs, the source of exposure remains
uncertain. Because our study was based on serologic
investigations, any correlation between IDV infection
and clinical signs in dogs could not be inferred. IDV
infection in horses is subclinical, whereas in other ani-
mal species, IDV is associated with respiratory dis-
ease (5). Our findings are also partially in line with
surveillance data from Europe and Italy suggesting
the emergence of a D/660-like clade after the mid-
2010s (6). In our study, none of the samples collected
in 2023 reacted against D/OK, likely reflecting the
epidemiology of IDV in susceptible animals in the
Apulia region.

Although phylogenetic analyses have suggested
that IDV is more closely related to ICV (=53 % homol-
ogy of hemagglutinin-esterase fusion protein) than
to influenza A and B viruses, no cross-reactivity was
observed between IDV and human ICV by HI assay
(7-9). To assess this potential issue caused by the ge-
netic relatedness between IDV and ICV, the IDV-pos-
itive samples were also tested for ICV, and 5 samples
did react against ICV. Four samples showed HI titers

Table 2. Serum testing for influenza D virus results showing HI and VN assay titers of dog samples collected in 2023 in the Apulia

region, ltaly*

Sample D/bovine/Oklahoma/660/2013 D/swine/ltaly/199724-3/2015 C/human/Victoria/2/2012
no. HI VN HI VN HI
5 10-10 <10 <10 <10 40-40
18 10-10 20-20 <10 <10 <10
35 10-20 <10 <10 <10 <10
45 10-10 <10 <10 <10 <10
50 20-20 <10 <10 <10 20-10
55 40-40 10-10 <10 <10 80-80
98 10-10 <10 <10 <10 <10
118 10-10 20-20 <10 <10 40-40
137 160-160 80-80 <10 <10 <10
167 10-10 <10 <10 <10 80-80
183 20-20 <10 <10 <10 <10
216 20-20 20-20 <10 <10 <10

*Samples were tested against 2 strains of IDV, D/bovine/Oklahoma/660/2013 (D/660 lineage) and D/swine/ltaly/199724-3/2015 (D/OK lineage), and
against 1 strain of influenza C virus, C/human/Victoria/2/2012. For calculation purposes, titers below the detectable threshold of 10 were expressed as

<10. HI, hemagglutination inhibition assay; VN, virus neutralization assay.
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higher for ICV than for IDV, suggesting the possibility
of cross-reactivity between IDV and ICV. Other sero-
logic studies have investigated the antibody preva-
lence of IDV and ICV in animal populations (8-10),
showing that serum reactivity in HI can vary among
different IDV lineages and possibly between IDV
and ICV. The combination of HI and VN assays
may represent a good proxy of IDV circulation in
animal hosts.

Our findings indicate that household dogs are
exposed to IDV, potentially acting as a source of
infection for humans. Although IDV does not seem
to cause major forms of illness in humans and cur-
rently IDV is not regarded as an important public
health threat, the possibility that some IDV strains
may acquire the ability to evolve and adapt in
the human host should not be disregarded. This
potential risk could be higher in settings where
there is more viral pressure, such as in groups with
occupational exposure.
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We report the detection of OXA-181 carbapenemase in
an azithromycin-resistant Shigella spp. bacteria in an im-
munocompromised patient. The emergence of OXA-181
in Shigella spp. bacteria raises concerns about the global
dissemination of carbapenem resistance in Enterobacte-
rales and its implications for the treatment of infections
caused by Shigella bacteria.

higella flexnerii infection leads to shigellosis, an

acute gastrointestinal disease. Shigellosis affects
socioeconomically disadvantaged and densely pop-
ulated communities that have unsafe water, poor
sanitation, and poor hygiene (1). Shigella spp. bacte-
ria are major contributors to acute bloody diarrhea
worldwide, adding to disease numbers and death
in children under 5 years of age (2). The emergence
of multidrug-resistant Shigella strains is a concern-
ing trend. Multidrug-resistant strains resist multiple
first-line oral antimicrobials (i.e., ampicillin, trim-
ethoprim/sulfamethoxazole, and ciprofloxacin). The
situation is further complicated by enzyme-mediated
B-lactam resistance in Shigella bacteria, further im-
pacting empiric therapy and making the isolates ex-
tensively drug-resistant (2). Although extensively
drug-resistant isolates have remained susceptible
to carbapenem therapy, carbapenem resistance in
Shigella spp. through imipenemase-type metallo-
B-lactamase, New Delhi metallo-p-Lactamase, and
Verona integron-encoded metallo-p-lactamase has
been reported (3,4).

We report a case of OXA-181-producing S. flex-
neri bacteria recovered from the stool of an immuno-
compromised patient with B-cell acute lymphoblas-
tic leukemia (B-ALL). OXA-181 is a subtype of the
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OXA-48-like carbapenemase enzymes, classified as
an Ambler class D p-lactamase, that primarily hydro-
lyzes penicillins and carbapenems. Those enzymes
are usually transmitted on plasmids and are typically
associated with Enterobacterales such as Kilebsiella
pneumoniae and Escherichia coli bacteria (5).

A 2-year-old girl, born in a rural area near Hy-
derabad, India, was diagnosed with standard-risk B-
ALL. Her chemotherapy treatment was complicated
by 2 episodes of culture-negative febrile neutrope-
nia and acute gastroenteritis. Her diarrhea was pre-
sumed to be allopurinol-induced and was managed
with supportive care. Her care team discovered evi-
dence of a B-ALL relapse. The patient recovered from
the fever and diarrhea, and her family immigrated to
Canada, where the patient was admitted to a hospital
to establish care for her relapsed B-ALL.

The patient was afebrile and did not have diar-
rhea until day 3 in the hospital, when she had onset of
febrile neutropenia, nonbloody diarrhea, and abdom-
inal pain. In accordance with the hospital’s infection
prevention protocol, we collected a stool sample for
carbapenemase-producing Enterobacterales (CPE)
screening. It exhibited growth of non-lactose ferment-
ing colonies on the OXA side of a Chromid Carba
Smart plate (bioMérieux, http://www.biomerieux.
com), which we confirmed to be S. flexneri bacteria
type 2a by using a biochemical panel and serotyping.
We performed a stool PCR by using Seegene Allplex
GI-EB gastrointestinal multiplex assay (SeeGene Inc.,
https:/ /www .seegene.com) that showed the pres-
ence of Shigella spp. bacteria and astrovirus. We also
isolated S. flexneri bacteria from a stool culture by us-
ing molecular detection (Appendix).

We began treatment for febrile neutropenia with
piperacillin/tazobactam and vancomycin, in addition
to azithromycin because of the detection of S. flexneri
bacteria from the patient stool samples. Both isolates
from the CPE screen and stool culture demonstrated
a similar susceptibility profile (Table 1). Although the
meropenem MIC was susceptible according to Clinical
and Laboratory Standards Institute breakpoints, it was
higher than 0.12 mg/L, the CPE screening cutoff in our
laboratory protocol (6). We used the CARBA-5 assay
(NG Biotech, https:/ /www.ngbiotech.com) to further
evaluate the antibiotic susceptibility, and the results
indicated the presence of an OXA-48-like enzyme. The
Public Health Ontario Laboratory verified the pres-
ence of OXA-48-like gene by using multiplex PCR
(7). Because of the azithromycin resistance, we modi-
fied the treatment to trimethoprim/sulfamethoxazole.

1These authors contributed equally to this article.
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Table 1. Antibiotic-susceptibility results using 4 different methodologies for the Shigella flexneri bacteria cultured from an

immunocompromised patient, Canada*

BD Phoenix, T Broth microdilution, CLSI breakpoints for Kirby—Bauer
Antibiotic mg/L mg/L Agar dilution, mg/L susceptibility, mg/L disk diffusion, mm
Azithromycin NA NA >32 <8 NA
Ceftriaxone 0.5 0.5 NA <1 28
Ceftazidime 0.5 1 NA <4 30
Ertapenem >1 1 <0.5 <0.5 24
Meropenem 0.5 0.5% <0.12 <1 24
Ciprofloxacin 2 >2 NA <0.25 NA
TMP/SMX <0.5 2/38 NA <2/38 NA
Colistin NA NA <0.25 <28 NA

*CLSI, Clinical and Laboratory Standards Institute; NA, not available; TMP/SMX, trimethoprim/sulfamethoxazole._

tBecton Dickinson, https://www.bd.com.

fLowest concentration for meropenem on methodology used (Gram negative sensititer panel).

§Intermediate susceptibility.

After treatment, the patient experienced rapid defer-
vescence and resolution of the diarrhea. We repeated
the stool culture after 2 weeks of treatment, and the
culture resulted in no growth of S. flexneri bacteria.

We conducted whole-genome sequencing (Ap-
pendix). We extracted DNA from the bacterial isolate
by using easyMag (bioMérieux) and sequenced on
a GridION system with a R10.4.1 flow cell (Oxford
Nanopore Technologies, https:/ /nanoporetech.com).
We analyzed data with MinKNOW 23.04.5 (Oxford
Nanopore Technologies) to construct a consensus
genome. We analyzed the isolate’s genome and plas-
mid with the Comprehensive Antibiotic Resistance
Database (CARD) (http://arpcard.mcmaster.ca),
identifying 5 resistance genes on the plasmid (Table
2), including OXA-181 with >95% identity and length
within the plasmid. The plasmid has a size of 91,956
bp and carries all the genes for the resistance profile
(Appendix). We deposited the plasmid gene sequence
into GenBank (accession no. PP417752).

Given the low-hydrolytic activity of OXA-48-
like enzymes, microbiology laboratories face difficult
challenges in accurately detecting these enzymes in
Enterobacterales. The Clinical and Laboratory Stan-
dards Institute breakpoints for meropenem are not
suited for CPE surveillance, potentially missing OXA-
48-like producers (8). Our laboratory has adopted a
meropenem MIC breakpoint of >0.12 mg/L for CPE
screening, in line with European Committee on An-
timicrobial Susceptibility Testing recommendations

Table 2. Antibiotic-resistance genes detected within the plasmid
recovered from a Shigella flexneri bacteria cultured from an
immunocompromised patient sample, based on the
Comprehensive Antibiotic Resistance Database,” Canada

Gene Phenotypic resistance
OXA-181 Carbapenems
gnrS1 Fluoroquinolones
mrx Macrolides
mphA Macrolides
ermB Macrolides

*Available at http://arpcard.mcmaster.ca.
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(9). This approach is crucial for identifying isolates
that require further CPE investigation, especially
considering the reduced activity of OXA-48-like en-
zymes against cephalosporins.

Identification of an OXA-181 carbapenemase in
a plasmid carried by S. flexneri bacteria is an alarming
finding and concerning for the spread of this resistance
profile in densely populated low- and middle-income
communities. The detection of OXA-181 in Shigella spp.
bacteria increases concerns about the broad dissemina-
tion of carbapenem resistance among other Enterobacte-
rales (10). This finding emphasizes the need for vigilant
and targeted surveillance for CPE in at-risk patients.

Dr. Dhabaan is finishing his clinical microbiology
fellowship at the University of Toronto. His interests
include leveraging artificial intelligence alongside
genomics and clinical data to advance infectious
disease management.
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Although a vaccine against SARS-CoV-2 Omicron-
XBB.1.5 variant is available worldwide and recent infection
is protective, the lack of recorded infection data highlights
the need to assess variant-specific antibody neutralization
levels. We analyzed IgG levels against receptor-binding
domain—specific SARS-CoV-2 ancestral strain as a corre-
late for high neutralizing titers against XBB variants.

Since the beginning of 2023, SARS-CoV-2 Omi-
cron XBB variants have led as the cause of global
SARS-CoV-2 infections (1,2). SARS-CoV-2 mRNA
vaccines based on the ancestral variant were shown
to be less effective against Omicron variants, with re-
duced neutralization efficiency (3,4). Because of this
reduced neutralization efficiency, updated mRNA
vaccines, like the monovalent XBB1.15 vaccine, were
developed and distributed (5). High levels of neutral-
izing and receptor-binding domain (RBD) binding
IgG levels are known to be correlated with protection
from infection or severe disease (6,7). The evasiveness
of Omicron variants against neutralizing antibodies
induced by vaccination or infection with previous
variants demonstrated the importance of determin-
ing variant-specific neutralizing antibodies (4). In this
study, we investigated the utility of measuring RBD
IgG levels against the SARS-CoV-2 ancestral (wild-
type [WT]) strain to predict titers of XBB-specific neu-
tralizing antibodies.

During February 2022-August 2023, we obtained
1,070 samples from 373 study participants at Sheba
Medical Center in Ramat Gan, Israel, and tested the
samples for levels of IgG against WT-RBD and XBB-spe-
cific neutralizing antibody levels (Appendix, https://
wwwnc.cdc.gov/EID/article/30/5/23-1739-

Table. Sex, age range, and COVID-19 history of patient
participants who provided samples for testing IgG against
SARS-CoV-2 ancestral strain and Omicron XBB-specific
neutralizing antibody levels in 2022 and 2023, Israel*
Variable
Sex

F 251 (67)

122 (33)

Value

No. COVID-19 vaccinations received
1(0.3)
13 (3.5)
5(1.3)
102 (27)
215 (58)
36 (9.7)
1(0.3)

o0k WNEF O

No. COVID-19 infections

227 (61)
120 (32)
22 (5.9)
3(0.8)
1(0.3)

A WNEFO

*Values are no. (%) except as indicated.
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Figure. Binding IgG and
neutralizing titer levels from
samples collected in 2022 and
2023 from patient participants at
the Sheba Medical Center, Israel,
and the prediction of SARS-CoV-2
Omicron XBB neutralization by
RBD-WT IgG levels from those
samples. A) Scatter plot analyses
of 1,071 WT IgG and XBB-specific
neutralizing titers in samples
obtained from healthcare workers
during 2022 and 2023. Horizontal
lines indicate GMTs; error bars
indicate 95% Cls. GMT of each
timepoint is indicated. B) ROC
curves showing the diagnostic
value of WT IgG levels for high (titer
>250) XBB-specific neutralization
levels. Sensitivity and specificity
determinants for specific cut off
levels are shown. BAU, binding
antibody unit; GMT, geometric
mean titer; ID;, 50% inhibitory
dilution; RBD, receptor-binding
domain; ROC, receiver operating
characteristic; WT, SARS-CoV-2
ancestral (wild-type) strain.

Appl.pdf). Most of the study participants were vacci-
nated >3 times with the BNT162b2 (Pfizer-BioNTech,
https:/ /www.pfizer.com) or mRNA1273 (Moderna,
https:/ /www.modernatx.com) vaccines, and 39% were
previously infected (Table; Appendix Table). Because
XBB variants were only marginally circulating in Israel
during 2022 but were the dominant variants during 2023
(Appendix Figure 1), we examined antibody levels sep-
arately for 2022 and 2023. Although IgG levels against
WT virus were lower in 2023 (geometric mean titer of
3,474 binding antibody units [BAU] [95% CI3,093-3,902]
in 2022 vs. 3,971 BAU [95% CI 3,496-4,511] in 2023), 50%
inhibitory dilution neutralizing antibody titers against

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 5, May 2024

XBB were significantly higher (geometric mean titer of
88 [95% CI75-1,040] in 2022 vs. 143 [95% CI 121-168] in
2023) 2 (Figure 1, panel A).

We assessed the correlation between WT IgG and
XBB neutralizing antibody levels. Although a strong
correlation between RBD IgG and neutralizing anti-
body titers was maintained in both years, a stronger
correlation was detected in 2022 (repeated measures
correlation of 0.54 [95% CI 0.46-0.60]) compared with
2023 (repeated measures correlation of 0.31 [95% CI
0.17-0.44]). The regression co-efficient between IgG
and neutralizing antibody levels was different for 2022
and 2023 (Appendix Figure 2). We found the expected
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value of XBB specific neutralizing antibody titers for
IgG of 7,000 BAU was 156 in 2022 and 276 in 2023.

We investigated if the correlation between WT
IgG and XBB neutralization levels could be applied
to predict persons with high XBB neutralization ti-
ters. A titer of 50% inhibitory dilution >1:250 was
considered to be high neutralizing. US Food and
Drug Administration guidelines consider titers of
50% inhibitory dilution >1:250 as eligible for trans-
fusion as COVID-19 convalescent plasma (8,9). We
found 36% of samples in 2022 and 46% of samples
in 2023 had 50% inhibitory dilution >1:250. The area
under the receiver operating characteristic curve
was 0.89 (95% CI 0.87-0.92) for 2022 and 0.82 (95%
CI 0.79-0.86) for 2023, suggesting a good discrimina-
tion between high and low titers based on WT IgG
levels. Requiring a specificity of 90%, the receiver
operating characteristic analysis showed a sensi-
tivity of 66% (95% CI 59%-72%) for WT IgG levels
>8,712 BAU in 2022 and a sensitivity of 51% (95%
CI 44%-58%) for WT IgG levels >6,278 BAU in 2023
(Figure 1, panel B).

The results of our study show that measuring
IgG against the SARS-CoV-2 ancestral strain (WT-
RDB) can predict the presence of high neutralizing
antibody levels against current circulating variants.
We focused on the prediction of neutralizing anti-
bodies against XBB variants because it was the im-
mune antigen present in the vaccines available dur-
ing the study period. We found that significantly
higher XBB neutralizing antibody titers, but lower
WT-RBD IgG levels were detected in samples ob-
tained during 2023 compared with 2022. One ex-
planation is that increased exposure to XBB-related
variants in 2023 led to the development of XBB-spe-
cific antibodies paired with waning WT IgG levels.
Our regression co-efficient analysis showed that
samples obtained in 2022 had higher mean WT IgG
levels than in 2023, despite having similar XBB neu-
tralizing levels. The WT IgG level cutoff that can
predict XBB-specific high neutralizing antibodies
with 90% specificity was lower in 2023 compared
with 2022.

The continued waves of COVID-19 infections to-
gether with SARS-CoV-2 vaccinations have diversi-
fied the immune protection of humans worldwide.
Vital public health actions to prevent COVID-19 in-
fections include prioritizing vaccination on the basis
of known immunity, estimating the immune status
of the population, ensuring COVID-19 convalescent
plasma has high neutralizing antibodies, and inves-
tigating the effects of updated vaccines in persons
with varying levels of neutralizing antibodies. Our
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results show that, regardless of any knowledge of
previous SARS-CoV-2 infections, WT IgG levels are
correlated and can predict XBB-specific neutralizing
antibody titers.
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We describe a feline sporotrichosis cluster and zoo-
notic transmission between one of the affected cats and
a technician at a veterinary clinic in Kansas, USA. In-
creased awareness of sporotrichosis and the potential for
zoonotic transmission could help veterinary profession-
als manage feline cases and take precautions to prevent
human acquisition.

porotrichosis, an implantation mycosis caused by

fungi in the genus Sporothrix, affects humans and
other mammals. Although cat-transmitted sporotri-
chosis caused by the highly transmissible Sporothrix
brasiliensis species is an increasing concern in Latin
America (1), S. brasiliensis has not been detected in the
United States, and cat-transmitted Sporothrix schenckii
is rarely reported (2,3). We describe a cluster of sporo-
trichosis cases involving 2 domestic cats and zoonotic
transmission between one of the affected cats and a
veterinary technician in Kansas, USA.

In August 2022, a pregnant, 2-year-old, indoor-
outdoor cat was brought to a veterinary clinic in
northwest Kansas with an ulcerated lesion on her
distal paw thought to be from a cat fight. She was ini-
tially treated with amoxicillin-clavulanic acid, but the
wound worsened over the next month and additional
ulcerated lesions developed along the rest of the fore-
limb (Figure, panel A).

The veterinarian performed an impression smear,
which revealed cytology consistent with Sporothrix
(Figure, panel B). The cat was treated with 10 mg/
kg itraconazole and meloxicam in addition to amox-
icillin-clavulanic acid. The cat improved on antifun-
gal medication and gave birth to 2 healthy kittens in
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September 2022 (Figure, panel C). However, lesions
reappeared after 1 month and began to extend up the
limb. Treatment was adjusted to include terbinafine
at 30 mg/ kg, but the lesions continued to worsen and
spread to the other 3 limbs. The cat was humanely
euthanized, and the remains were cremated.

In November 2022, a veterinary technician car-
ing for cat 1 at the clinic received a puncture wound
through the glove from the cat’s infected paw. A small
blister developed at the puncture site approximately
2 weeks after the scratch (Figure, panel D). The blis-
ter quickly ulcerated, and the technician developed
sporotrichoid lymphadenopathy up her arm (Figure,
panels E, F). The technician began a treatment of ceph-
alexin and then switched to 200 mg oral itraconazole
twice daily and doxycycline. Cultures completed at
Nebraska Medical Center were positive for Sporothrix
spp., and an isolate was sent to the US Centers for
Disease Control and Prevention (CDC) for identifica-
tion. The isolate was identified as S. schenckii based on
Sanger sequencing of the calmodulin gene (Appen-
dix, https://wwwnc.cdc.gov/EID/article/30/5/23-
1563-Appl.pdf). Whole-genome sequencing showed
the isolate clustered with historical S. schenckii isolates
from the United States (bootstrap value of 100%) (Ap-
pendix Figure). The technician completed 8 months
of oral itraconazole and recovered.

In February 2023, cat 1’s owners brought another
indoor-outdoor cat from the same property to the vet-
erinary clinic with similar lesions. Cytology revealed
Sporothrix. Cat 2 underwent a 4-month regimen of
itraconazole 10 mg/kg, and the lesions healed.

This report describes a cluster of feline sporotri-
chosis cases in 2 indoor-outdoor cats and zoonotic
transmission between 1 of the cats and a veterinary
technician. The disease course of cat 1 highlights the
potential severity of feline sporotrichosis. Early diag-
nosis of sporotrichosis and early treatment initiation
with appropriate antifungal drugs can improve out-
comes and help prevent transmission to other cats or
humans (4). Cytology and culture should be consid-
ered for wounds or lesions that fail to respond to anti-
biotics. Itraconazole should be given to cats with food
to improve absorption, and potassium iodide in com-
bination with itraconazole can improve treatment ef-
ficacy in cats with multiple or extensive lesions or in
treatment refractory cases (5,6).

This sporotrichosis cluster raised concerns that
S. brasiliensis could be the etiologic agent. S. brasilien-
sis has increasingly been reported in Latin America
(1), and 3 cases were recently reported in the United
Kingdom, highlighting the potential for international
spread (7). However, the etiologic agent in our report
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Figure. Clinical manifestations seen in pregnant 2-year-old cat and human from a sporotrichosis cluster in domestic cats and veterinary
technician, Kansas, USA, 2022. A) Severe lesion on cat 1 in August 2022; B) cytological examination from cat 1’s lesions showing
numerous cigar-shaped yeasts consistent with Sporothrix; C) image of cat 1 with kittens and improved lesion in September 2022; D)
lesion on the finger of a veterinary technician who had contact with cat 1; E) ulcerated and more severe lesion on technician’s finger

after X days; F) lymphadenopathy on technician’s arm. Cat 1 initially was treated with antibiotics in August 2022 and lesions improved

on antifungal therapy. However, the cat’s lesions returned and worsened in October 2022, after discharge from the facility. In November
2022, a veterinary technician developed a small lesion 1 week after being poked through the glove by a claw on cat 1’s infected paw.
Lymphadenopathy progressed up the technician’s arm (red circles, panel F) in a sporotrichoid pattern along dermal and lymphatic vessels.

was S. schenckii, which is typically acquired through
traumatic contact with plant matter. Although rare,
cat-transmitted S. schenckii cases have been reported
in the United States and Southeast Asia (2,3,8).

To reduce zoonotic transmission risk, veterinary
professionals should wear examination gloves when
handling cats with suspected sporotrichosis and take
precautions to avoid scratches or bites (9). Wounds
from scratches or bites should be washed promptly
with soap and water (https:/ /www.cdc.gov/healthy-
pets/ pets/cats.html). Persons who have close contact
with a cat with sporotrichosis should seek healthcare
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promptly if they develop lesions or sporotrichoid
lymphadenopathy (1,3).

This report was limited by a lack of detailed ex-
posure information for how the cats acquired spo-
rotrichosis. Nevertheless, keeping cats indoors is
recommended to prevent environmental acquisition
of sporotrichosis (1,2). Risk factors for feline acquisi-
tion of sporotrichosis likely resemble those for hu-
mans, including traumatic inoculation or wound
contamination with hay, roses, or sphagnum moss,
or bites or scratches from other cats (9,10). Intact
male, free-roaming cats might be at increased risk for
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sporotrichosis (10). Cats with sporotrichosis should
be kept indoors and apart from other cats in the home
to reduce the potential for further transmission. In
conclusion, increased awareness of sporotrichosis in
cats and the potential for zoonotic transmission could
help veterinary professionals more quickly recognize
and treat feline cases and take precautions to prevent
human acquisition in the veterinary setting.
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We report a clinical isolate of Burkholderia thailandensis
2022DZh obtained from a patient with an infected wound
in southwest China. Genomic analysis indicates that this
isolate clusters with B. thailandensis BPM, a human iso-
late from Chongqing, China. We recommend enhancing
monitoring and surveillance for B. thailandensis infection
in both humans and livestock.
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urkholderia thailandensis is a member of the Bur-

kholderia pseudomallei complex and is generally
considered nonpathogenic (1). Initially identified in
Thailand, B. thailandensis was distinguished from B.
pseudomallei by its ability to assimilate arabinose (2).
Similar to B. pseudomallei, B. thailandensis is frequently
found in soil and water, especially in rice paddies (3,4).
Although invasive infections caused by B. thailandensis
are rare worldwide, recent reports have documented
cases of suppurative infections, such as wound infec-
tions, cellulitis, and tissue abscesses (5,6). Previously,
we identified a strain of B. thailandensis BPM that
caused a human infection in Chongqing, southwest
China (7). In this study, we report another clinical iso-
late of B. thailandensis that we obtained in Dazhu, Sich-
uan, southwest China, from an infected wound result-
ing from a cut inflicted by a farm tool in 2022.

A 6l-year-old male farmer who had untreated
type 2 diabetes mellitus reported a 1-month history of
pain and swelling in his left knee. He had injured the
middle toe of his left foot with a plow a month earlier,
and redness, swelling, and pain developed below the
left knee joint. Despite a week of antimicrobial treat-
ment at a local community health center, his symp-
toms did not improve. In December 2022, the patient
began to experience weakness in his right lower limb,

and he later fell, sustaining an injury to his left lower
limb. During this period, he experienced lower-limb
weakness and exhibited symptoms related to the cen-
tral nervous system. He sought care and was admit-
ted to the orthopedics department of Dazhu County
People’s Hospital (Dazhou, China) for treatment of
a left lower-limb injury and a left-foot diabetic foot
infection. However, because his central nervous sys-
tem symptoms worsened, he was transferred to the
neurology department and receive a diagnosis of os-
teomyelitis and demyelinating disease. B. thailanden-
sis strain 2022DZh was obtained from a deep-tissue
specimen during surgical debridement of the infected
wound on the left foot (Appendix Figure 1, https://
wwwnc.cde.gov/EID/article/30/5/23-0743-App1.
pdf). The initial empirical antimicrobial therapy con-
sisted of cefradine. However, the hospital labora-
tory tested the isolate 2022DZh using the VITEK 2
COMPACT system (bioMérieux, https://www.
biomerieux.com) and identified it as B. pseudomallei,
leading to a switch to intravenous meropenem treat-
ment (Appendix Table 1). Despite treatment with me-
ropenem, the patient’s condition continued to dete-
riorate; he died 3 days after applying for discharge.
Subsequently, the isolate 2022DZh was submit-
ted to the laboratory for confirmatory identification.

Figure. Analysis of the single-copy gene phylogenetic tree and average nucleotide identity for genomes of Burkholderia thailandensis
2022DZh from a patient in Dazhu, Sichuan, China, and other isolates from Burkholderia species. A) Single-copy gene phylogenetic tree
created using the genomes of B. thailandensis 2022DZh and 25 other isolates from various Burkholderia species. B) Average nucleotide
identity heatmap developed using genomes of B. thailandensis 2022DZh and 9 other isolates from various Burkholderia species.
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Results of arabinose assimilation testing of isolate
2022DZh by API 20NE system (bioMérieux) were
positive, consistent with the biochemical character-
istics of B. thailandensis (Appendix Figure 2). We ex-
tracted DNA from the isolate 2022DZh for confirma-
tion and further characterization. We performed 165
rRNA gene sequencing of 2022DZh using nucleotide
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi),
revealing 100% similarity with B. thailandensis BPM
(Appendix Figure 3). The nucleotide sequences of
the 2 chromosomes of isolate 2022DZh are >99.5%
consistent with those of B. thailandensis E264 and
B. thailandensis E254 (Appendix Table 2). We con-
clusively identified isolate 2022DZh as B. thailand-
ensis based on our phenotypic and molecular data.
We deposited the genome sequences of B. thailand-
ensis strain 2022DZh into GenBank (accession nos.
CP141809.1 and CP141811.1).

For phylogenetic analysis, we compared the ge-
nome of B. thailandensis 2022DZh with a reference
panel of publicly available Burkholderia species ge-
nomes (Appendix Table 3). The single-copy gene
phylogenetic tree analysis indicated that B. thailand-
ensis 2022DZh clusters with B. thailandensis BPM
(Figure, panel A). The results of average nucleotide
identity revealed that B. thailandensis 2022DZh also
clusters with B. thailandensis BPM; genome identity
was 99.85%. However, when compared with B. pseu-
domallei BPC006, genome identity was 92.31% (Fig-
ure, panel B), consistent with the commonly used
95% threshold for distinguishing species. Through
multilocus sequence type analysis (https://pubmlst.
org/organisms/burkholderia-pseudomallei) (§), we
determined that B. thailandensis 2022DZh and B. thai-
landensis BPM both belong to sequence type 76. In ad-
dition, there appears to be no known epidemiologic
link between B. thailandensis 2022DZh and B. thailand-
ensis BPM; they are geographically separated by a sig-
nificant distance of ~200 km (Appendix Table 3).

One limitation of this study is that we did not at-
tempts to identify related isolates of B. thailandensis
from environmental samples in this region of south-
west China. Further studies are needed to identify
the primary molecular mechanisms underlying the
pathogenicity of B. thailandensis 2022DZh and to de-
termine its molecular and evolutionary relationships
with other strains of B. thailandensis (9).

In conclusion, our findings underscore that B.
thailandensis can cause serious infections, and clinical
practitioners should be aware of this type of infection
(10). Therefore, we strongly recommend enhancing
monitoring and surveillance for B. thailandensis infec-
tion in both humans and livestock.
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To determine changes in Bordetella pertussis and B.
parapertussis detection rates, we analyzed 1.43 million
respiratory multiplex PCR test results from US facilities
from 2019 through mid-2023. From mid-2022 through
mid-2023, Bordetella spp. detection increased 8.5-fold;
95% of detections were B. parapertussis. While B. par-
apertussis rates increased, B. pertussis rates decreased.

W’hooping cough is a highly contagious, acute, re-
spiratory illness caused by Bordetella spp. bacteria,
primarily B. pertussis and B. parapertussis, and may be
associated with complications such as pneumonia (1,2).
Unlike B. pertussis, B. parapertussis is not notifiable in the
United States because it is thought to be less prevalent
and to cause milder symptoms than B. pertussis (1,2).
Although isolation of B. parapertussis was uncommon
in the United States before 2005, it has since been sug-
gested that B. parapertussis infections are more common
than previously recognized and may contribute to cases
thought to result from vaccine failure (1,3). Our objective
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with this study was to detect recent changes in B. pertus-
sis and B. parapertussis detection rates by using a cloud-
based near real-time surveillance network.

We analyzed >1.43 million multiplex PCR results
from 125 US facilities for January 1, 2019-July 31, 2023,
for detection of B. pertussis or B. parapertussis (Table).
Information on clinical manifestations, patient demo-
graphics, and confirmatory testing were not known.
Facilities were primarily reference laboratories or
hospitals, 12 of which were pediatric or contained a
pediatric site, and all facilities used the BIOFIRE FIL-
MARRAY Respiratory 2 (RP2) Panel, the BIOFIRE
Respiratory 2.1 (RP2.1) Panel (bioMérieux, https://
www.biomerieux.com), or both (4,5). The RP2 and
RP2.1 tests detect nucleic acid of 21 (RP2) or 22 (RP2.1)
pathogens commonly associated with respiratory in-
fections and areidentical, except the RP2.1 test can also
detect SARS-CoV-2. Both tests detect B. pertussis (limit
of detection of 1.0 x 10* CFU/mL) and B. parapertussis
(limit of detection 4.1 x 10' CFU/mL) (5). Deidenti-
fied patient test results were captured by the BIOFIRE
Syndromic Trends database, a cloud-based pathogen
surveillance network (6). We excluded suspected ver-
ification, quality control, and proficiency tests (6).

We determined the total number of tests in the da-
tabase and the number of those tests that detected B.
pertussis or B. parapertussis, aggregated monthly (Fig-
ure, panel A), and detection rates (3-week centered
rolling average) for B. pertussis and B. parapertussis
(stacked) (Figure, panel B). During January 1, 2019-
March 11, 2020 (before the COVID-19 pandemic),
we observed that in the United States, the average

Figure. Bordetalla pertussis and
B. parapertussis detection count
and detection rates, January
2019-July 2023. A) Total number
of tests and number of tests
positive for B. pertussis or B.
parapertussis per month. Scales
for the y-axes differ substantially
to underscore patterns but do
not permit direct comparisons. B)
Detection rate (3-week centered

rolling average) for B. pertussis
and B. parapertussis.
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Table. Bordetella parapertussis testing, United States, 2019-2023*
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No. (%) tests performed

Year, region States Facilities RP2 tests RP2.1 testst
2019
Midwest IL, IN, KS, MI, MO, ND, NE, OH, SD, WI 19 (52.8) 49,226 (48.9) 0
Northeast NY, PA 3(8.3) 6,252 (6.2) 0
South FL, SC, TX 6 (16.7) 13,109 (13.0) 0
West AK, AZ, CA, ID, UT 8 (22.2) 31,989 (31.8) 0
2020
Midwest IL, IN, KS, MI, MO, ND, NE, OH, SD, WI 36 (45.0) 44,545 (27.3) 44,832 (27.5)
Northeast NY, PA 5(6.2) 1,988 (1.2) 1,511 (0.9)
South AL, FL, GA, LA, SC, TN, TX, VA 18 (22.5) 9,208 (5.6) 17,352 (10.6)
West AK, AZ, CA, CO, ID, OR, UT, WY 20 (25.0) 25,663 (15.7) 13,845 (8.5)
2021
Midwest IA, IL, IN, KS, MI, MO, ND, NE, OH, SD, WI 40 (39.2) 3125 (0.8) 137,322 (36.8)
Northeast MA, NY, PA 6 (5.9) 0 37,207 (10.0)
South AL, AR, FL, GA, KY, LA, MD, MS, SC, TN, TX, VA 31(30.4) 405 (0.1) 124,544 (33.4)
West AK, AZ, CA, CO, ID, MT, NM, OR, UT, WY 25 (24.5) 1,709 (0.5) 64,733 (17.4)
2022
Midwest IA, IL, IN, KS, MI, MO, ND, NE, OH, SD, WI 41 (36.9) 502 (0.1) 169,739 (33.9)
Northeast MA, NJ, NY, PA, VT 8(7.2) 0 65,602 (13.1)
South AL, AR, FL, GA, KY, LA, MD, MS, NC, SC, TN, TX, VA 35 (31.5) 0 174,014 (34.8)
West AK, AZ, CA, CO, ID, MT, NM, OR, UT, WA, WY 26 (23.4) 221 87,262 (17.5)
2023%
Midwest IA, IL, IN, KS, MI, MO, ND, NE, OH, SD, WI 39 (34.8) 0 98,274 (31.7)
Northeast MA, NJ, NY, PA, VT 8(7.1) 0 51,160 (16.5)
South AL, AR, FL, GA, KY, LA, MD, MS, NC, SC, TN, TX, VA 37 (33.0) 0 114,433 (36.9)
West AK, AZ, CA, CO, ID, MT, NM, OR, UT, WA, WY 27 (24.1) 0 44,612 (14.4)

*Rates consider the total number for each year across all regions and test versions.

1tThe BIOFIRE RP2.1 test (bioMérieux, https://www.biomerieux-usa.com, authorized for emergency use in May 2020) is identical to the BIOFIRE RP2 test
except for the addition of SARS-CoV-2. Use of the 2 test versions overlapped primarily during June—July 2020. During that time, comparison of detection
rates of the 2 test versions did not show strong evidence of a statistically significant difference for B. pertussis (p = 0.16) or B. parapertussis (p = 0.72).

FThe 2023 data collection period was January—July.

(95% binomial CI) B. pertussis detection rates (0.14%
[95% CI 0.12%-0.16%]) were slightly lower than the
B. parapertussis detection rates (0.21% [95% CI 0.18%-
0.23%]). From mid-2020 through late 2022, the detec-
tion rates of B. pertussis and B. parapertussis declined
significantly; the combined rate remained <0.20%. In
2023 (January-July), we observed a marked increase
in B. parapertussis detections; average detection rate
was 0.65% (95% CI 0.62%-0.68%) and peaked mid-
June at 1.3% (95% CI11.1%-1.6%). We did not observe
a similar increase in B. pertussis detections, for which
the average detection rate in 2023 was 0.03% (95% CI
0.02%-0.04%).

Comparing recent (January 2023-July 2023) rates
to rates from a commensurate prepandemic time
frame (January 2019-July 2019), we observed an in-
crease of 0.44% (95% CI 0.39%-0.49%) for B. paraper-
tussis and a decrease of 0.12% (95% CI 0.09%-0.16%)
for B. pertussis. Those findings lend evidence to a sig-
nificant (p<0.001) national B. parapertussis increase
and B. pertussis decrease; similar trends were ob-
served in each US Census region. Of the 23 facilities
with data for both time frames, the B. parapertussis
detection rate increased for 20 facilities.

Co-detection of B. pertussis and B. parapertussis in
the same test was rare, observed in only 9 tests (0.03%
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of tests positive for either B. pertussis or B. parapertus-
sis) (Appendix Table, https:/ /wwwnc.cdc.gov/EID/
article/30/5/23-1278-Appl.pdf). However, a virus
was co-detected with 47.1% (95% CI 42.5%-51.7%) of
B. pertussis and 66.2% (95% CI 64.4%-68.0%) of B. par-
apertussis detections.

In summary, we found that 95% of Bordetella
spp. detected in the last year of the study (July 2022-
July 2023) were B. parapertussis. The observed high
incidence of virus co-detections along with previous
data that found that clinical infection developed in
<5% of those with B. parapertussis (compared with
75% of those with B. pertussis) may suggest that
many of the observed B. parapertussis detections
were subclinical (7). Although the reason behind the
observed increase in B. parapertussis detections is un-
known, Bhattacharyya et al. suggested that the errat-
ic dynamics of whooping cough could be explained
by interactions of B. pertussis and B. parapertussis,
which oscillate out of phase through age-dependent
convalescence (8). It is possible that secondary ef-
fects of the COVID-19 pandemic, such as decreased
population immunity, affected this interaction, be-
cause incidence of many other respiratory illnesses
also decreased during the pandemic, followed by
atypical prevalence (9).
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Testing and near real-time surveillance of B. par-
apertussis are needed to enhance prompt response to
clinical outbreaks and contamination events, both of
which have been reported (1,10). Determining the
clinical implications of the observed B. parapertussis
surge may help inform patient management and pub-
lic health action.

The data obtained by bioMérieux are subject to the terms
and conditions of a data-use agreement by and between
bioMérieux and each facility participating in the BIOFIRE
Syndromic Trends program. If a dataset is requested,
bioMérieux will review such request internally to ensure
that any disclosure does not conflict with bioMérieux
obligations and restrictions set forth in the data-use
agreement. Code available upon reasonable request.

All authors are employees of bioMérieux.
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We report a case of Sphingobium yanoikuyae bacte-
remia in an 89-year-old patient in Japan. No standard
antimicrobial regimen has been established for S. yanoi-
kuyae infections. However, ceftriaxone and ceftazidime
treatments were effective in this case. Increased antimi-
crobial susceptibility data are needed to establish appro-
priate treatments for S. yanoikuyae.

he genus Sphingomonas was divided into 4 clus-

ters, and Sphingomonas yanoikuyae was renamed
Sphingobium yanoikuyae (1). S. yanoikuyae is a gram-
negative, nonsporulating, strictly aerobic rod-shaped
bacterium (2) widely distributed in natural environ-
ments, especially in water and soil, and is rarely a hu-
man pathogen (3). Although 1 case of S. yanoikuyae
infection has been reported in the central nervous
system (CNS) of a child (4), infections have not been
reported in adults. We report a case of S. yanoikuyae
bacteremia in an older man.

1These authors contributed equally to this article.
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Figure. Identification of Sphingobium yanoikuyae bacteremia in 89-year-old man, Japan. A) Gram stain of the organisms growing in
a blood sample incubated in a BACTEC Plus Aerobic/F Culture Vial (Becton Dickinson, https://www.bd.com). Scale bar is 10 um. B)
Colonies of S. yanoikuyae cultured on Trypticase Soy Agar with 5% Sheep Blood (Becton Dickinson). C) Gram stain of S. yanoikuyae
bacteria from a colony obtained by subculturing positive blood culture fluid on Trypticase Soy Agar with 5% Sheep Blood at 35°C in an

aerobic environment. Scale bar is 10 pm.

An 89-year-old man from Japan sought care at an
emergency department because of fever and chills last-
ing 1 hour. He had been taking prednisolone (5 mg/
day) for 6 years for interstitial pneumonia. He was
alert, and his vital signs were as follows: body temper-
ature, 38.6°C; heart rate, 71 beats/ min; blood pressure,
112/64 mmHg; respiratory rate, 28 breaths/min; and
blood oxygen saturation, 100% while breathing room
air. Laboratory findings revealed elevated leukocyte
count (16,100 cells/pL; reference range 3,300-8,600
cells/pL) and C-reactive protein level (4.16 mg/dL;
reference range 0-0.14 mg/dL) but were otherwise
unremarkable. Chest computed tomography revealed
honeycombing and multiple reticular shadows in both
lungs, unchanged from 5 months earlier. We suspected

Table. Drug susceptibility pattern for Sphingobium yanoikuyae
isolated from an 89-year-old man’s blood sample in study of
S. yanoikuyae bacteremia, Japan*

MICT, Breakpoint

Antimicrobial drug pg/mL MIC%, pg/mL
Piperacillin/tazobactam <4/4 16/4
Ceftriaxone 4 8
Ceftazidime 2 8
Cefepime <1 8
Aztreonam >16 8
Imipenem 1 4
Meropenem 4 4
Gentamicin <1 4
Tobramycin <1 4
Amikacin <4 16
Minocycline <1 4
Ciprofloxacin <0.25 1
Levofloxacin <0.5 2
Trimethoprim/sulfamethoxazole <1/19 2/38

*Drug susceptibility data according to Clinical and Laboratory Standards
Institute criteria (5). MIC values for antimicrobial drugs, except ceftriaxone,
were determined by using a Neg MIC NF1J panel (Beckman Coulter,
https://beckmancoulter.com). The MIC value of ceftriaxone was
determined by using Neg MIC EN 2J Enterobacterales and Pos MIC 1J
gram-positive cocci panels (both Beckman Coulter).

TMIC for the isolate from 89-year-old case-patient.

$Breakpoints for other non-Enterobacterales susceptible strains.
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sepsis and administered intravenous ceftriaxone (2
g/24 h) after obtaining 2 sets of blood samples for cul-
ture. On day 2, the patient’s fever subsided. On day
5, a blood culture sample yielded positive results after
incubation in an aerobic BACTEC Plus Aerobic/F Cul-
ture Vial in a BACTEC FX system (Becton Dickinson,
https:/ /www.bd.com). Gram staining revealed small
gram-negative rods (Figure, panel A) that we were un-
able to identify by using mass spectrometry (MALDI
Biotyper; Bruker Daltonics, https://www.bruker.
com). We subsequently cultured the positive blood
culture fluid on Trypticase Soy Agar with 5% Sheep
Blood (Becton Dickinson) at 35°C in an aerobic environ-
ment and identified S. yanoikuyae by using mass spec-
trometry of bacteria isolated on day 6 (Figure, panels
B, C). Genetic analysis of a 1,402 nt 165 rRN A sequence
revealed 99.5% homology with S. yanoikuyae (Appen-
dix, https://wwwnc.cdc.gov/EID/article/30/5/23-
1514-Appl.pdf). We performed antimicrobial suscep-
tibility testing by using the dilution method and a Neg
MIC NF1] panel (Beckman Coulter, https://www.
beckmancoulter.com) in accordance with Clinical and
Laboratory Standards Institute (CLSI) criteria for other
non-Enterobacterales bacteria (Table) (5). We deter-
mined the ceftriaxone MIC by using the Neg MIC EN
2] panel for Enterobacterales bacteria and Pos MIC 1]
panel for gram-positive cocci (both Beckman Coulter).
Although S. yanoikuyae was susceptible to ceftriaxone,
we preferred to use antimicrobial drugs that were ef-
fective against glucose nonfermenting bacteria, which
is the fermentation pattern exhibited by Sphingomo-
nas spp. On day 6, we switched the antimicrobial to
ceftazidime (1 g/8 h). We did not detect S. yanoikuyae
in blood cultures at follow-up on days 6 and 11, in-
dicating treatments were effective, and the patient’s
condition remained stable. However, severe aspiration
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pneumonia developed on day 16, and he died of respi-
ratory failure on day 17.

Within the genus Sphingomonas, S. paucimobilis is
the most frequently reported cause of human infection
(6), predominantly causing bacteremia, septicemia,
peritonitis, lung infections, pneumonia, or urinary
tract infections; 24 of 52 (46%) cases in published litera-
ture were of nosocomial origin (7). Thus, Sphingomonas
spp. might be a chief cause of nosocomial infection in
addition to other glucose nonfermenting bacteria. The
S. yanoikuyae infection reported previously in a child
was a nosocomial infection after head surgery (4). Al-
though this case in an older man was not a nosocomial
infection, he had been taking prednisolone for 6 years,
which might have increased his infection risk.

No antimicrobial regimen has been established
for treating S. yanoikuyae infections. The child who
had a CNS infection received 28 days of intravenous
meropenem and 5 days of intrathecal amikacin (4).
A novel bacteria strain, CC4533, isolated from a con-
taminated Tris-acetate-phosphate agar plate used to
grow Chlamydomonas reinhardtii, showed 99.55% DNA
sequence identity to S. yanoikuyae; drug susceptibility
testing indicated CC4533 was resistant to polymyxin
B, penicillin, and chloramphenicol and sensitive to
neomycin (8). We treated our patient with intrave-
nous ceftriaxone and then ceftazidime. Cefepime, a
4th-generation cephalosporin, can penetrate the ce-
rebral spinal fluid and has an additional quaternary
ammonium group enabling penetration through the
outer membrane of gram-negative bacteria, increas-
ing effectiveness against p-lactamase-producing
gram-negative bacilli (9). We selected ceftazidime, a
3rd-generation cephalosporin, because our clinical
findings did not suggest a CNS infection, and S. ya-
noikuyae did not produce p-lactamase.

No breakpoints have been established for Sphin-
gobium sp. bacteria; thus, we evaluated antimicrobial
susceptibility according to CLSI criteria for other non-
Enterobacterales bacteria (5). According to the dilu-
tion method, MIC values for ceftriaxone were >2 by
using the Enterobacterales panel and <4 by using the
gram-positive cocci panel. The ceftriaxone MIC for
the isolate from this patient was 4, which is below the
CLSI breakpoint of 8 for other non-Enterobacterales
bacteria (5), indicating that the isolate was susceptible
to ceftriaxone.

In conclusion, no standard antimicrobial treat-
ment regimen has been established for S. yanoikuyae.
Ceftriaxone and ceftazidime were effective treat-
ments for S. yanoikuyae infection in this patient. In-
creased antimicrobial susceptibility data are needed
to establish appropriate treatments for S. yanoikuyae.
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Vladimir Donatovich Orlovsky (1842-1914) Harvest (1882). Oil on canvas, 24.4 in x 39.4 in/62 cm x 100 cm. National Art Museum of
Ukraine, Kyiv, Ukraine. Photo credit: Alfredo Dagli Orti. Digital image from Art Resource, New York, New York, USA.

A Looming Storm on the Horizon

Byron Breedlove

krainian realist painter Vladimir Orlovsky was

born in Kiev (now Kyiv), Ukraine, where he re-
ceived his early artistic training. In 1861, he attended
the Saint Petersburg Academy of Fine Arts. After
graduating in 1868, Orlovsky earned a medal of rec-
ognition and monetary award for a series of paintings
of Crimean landscapes, enabling him to travel and
paint throughout Europe for the next 3 years. He lat-
er joined the Saint Petersburg Academy faculty and
in 1878 was named a professor of art. His work was
popular among the aristocratic class, including the
Emperor of Russia, Alexander III.

According to the Encyclopedia of Ukraine, “In 1886
he returned to Ukraine, where he taught at the Kyiv

Author affiliation: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA.
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Drawing School and helped found the Kyiv Art School.
As Orlovsky gradually freed himself from academism,
his works acquired a more natural composition, more
confident lines, and a finer coloration.” Harvest, this
month’s cover image, is one among “his famous depic-
tions of the Ukrainian and Crimean countryside.”

In Harvest, Orlovsky depicted workers on the
Ukrainian steppe cutting grain with scythes. In the
foreground, one worker bends and grasps the stalks
as the other looks across the field. To their left are a
brown jug and perhaps remains of a midday meal.
The uncut grain twitches and bends, pressed by
winds from the rainstorm swelling over the plains.
A third person walking in the distance and the re-
mote horizon revealed as a thin strip of light define
the scale of the steppes. A maelstrom of purplish
clouds laden with rain roils above the fields save an
open space of blue sky tinged with white clouds that
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illuminates the lower third of the canvas. Despite the
pending storm, the workers seem untroubled and
intent on their task.

An outbreak of a tickborne hemorrhagic disease
documented in Crimea in 1944 may have occurred in
a setting similar to the one in Orlovsky’s painting. That
disease, now called Crimean-Congo hemorrhagic fe-
ver (CCHF), is caused by infection with a tickborne
Nairovirus, Crimean-Congo hemorrhagic fever virus
(CCHEFV), in the family Bunyaviridae. In an article in
Antiviral Research, Dennis A. Bente and coauthors wrote
that researchers investigating that outbreak in Crimea
“were quickly able to link cases of the new disease to
tick exposure. They noted that, because large areas of
cultivated land had been abandoned during the Ger-
man occupation, the population of hares and other wild
hosts of Hyalomma ticks had increased, and soldiers and
farm workers engaged in restoring agricultural produc-
tion were suffering large numbers of tick bites.”

Originally known as Crimean hemorrhagic fe-
ver, the disease acquired its current hyphenated
name after identical symptoms were reported in the
Democratic Republic of the Congo in 1969. It has been
around much longer, of course, and researcher Chris
A. Whitehouse reported that a hemorrhagic disease
described by a 12th-century physician in the region
today called Tadzhikistan was probably CCHEFE. As
Whitehouse noted, CCHEF is indicated by “the pres-
ence of blood in the urine, rectum, gums, vomitus,
sputum, and abdominal cavity.”

According to the World Health Organization
(WHO), hosts for the ticks include many wild ani-
mals and domestic animals such as cattle, sheep,
and goats; most cases of CCHF among humans have
occurred among people working with livestock, in-
cluding those preparing carcasses of infected ani-
mals. WHO also states, “Human-to-human trans-
mission can occur resulting from close contact with
the blood, secretions, organs or other bodily fluids
of infected persons.” Bente and his coauthors stated
that CCHF “is the most widespread tick-borne vi-
ral infection of humans, occurring across a vast area
from western China through southern Asia and the
Middle East to southeastern Europe and throughout
most of Africa.” WHO considers CCHF a high-pri-
ority disease. The case-fatality rate is as high as 40%,
and the disease is both difficult to prevent and chal-
lenging to treat.

Several articles in this issue address CCHF, in-
cluding a three-part series, Crimean-Congo Hemor-
rhagic Fever Virus for Clinicians, by M.G. Frank et
al., which addresses a trilogy of topics: diagnosis,
clinical management, and therapeutics; virology,
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pathogenesis, and pathology; and epidemiology,
clinical manifestations, and prevention. The au-
thors report “lack of licensed effective therapeutic
and prophylactic drugs, gaps in our understand-
ing of CCHFV pathogenesis and immunology, and
slow progression in development of CCHF medical
countermeasures.”

As temperatures increase around the world,
could CCHF become the next storm brewing on pub-
lic health horizon, like the dark clouds in Orlovsky’s
Harvest? CDC researcher Jessica Spengler and her
coauthors wrote in a 2019 article, “Without question,
frequency of disease reporting is increasing. Whether
this represents expansion to new regions or changes
to existing areas of sporadic circulation will continue
to be challenging to differentiate. This rise could be
due to increased awareness, but awareness is unlikely
to be the only contributor.”
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Article Title

Crimean-Congo Hemorrhagic Fever Virus for Clinicians—
Diagnosis, Clinical Management, and Therapeutics

CME Questions

1. You are seeing a 40-year-old man who works in on
a ranch. He complains of 5 days of fever, malaise, and
loose stools followed by a petechial rash over his back
and shoulders for the past day. Which of the following
diagnostic tests for Crimean-Congo hemorrhagic fever
virus (CCHFV) would be most appropriate for him?

A. Viral culture
B. Reverse-transcriptase polymerase chain reaction

(RT-PCR)
C. Serum immunoglobulin (Ig)M
D. Serum IgG

2. Which of the following statements regarding the
laboratory assessment of suspected CCHF is
most accurate?

A. RT-PCR remains reliable in the detection of CCHFV
until around Day 15 of iliness

B. The accuracy of real-time RT-PCR approaches 60% in
identifying CCHFV

C. IgM becomes detectable within 3 days of infection
with CCHFV

D. IgG remains detectable for = 3 years
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3. Which of the following statements regarding
vaccination against CCHF is most accurate?

A. Aninactivated CCHFV vaccine is available only in
Bulgaria, but has not undergone human trials.

B. Randomized trials of the inactivated CCHFV vaccine
have demonstrated vaccine efficacy of 50% in the
prevention of CCHF

C. Higher anti-CCHF antibody titers correlate with
vaccine efficacy against CCHF in animal models

D. Higher neutralizing antibody titers correlate with
vaccine efficacy against CCHF in animal models

4. Which of the following statements regarding the
treatment of CCHF is most accurate?

A. There is no specific antiviral therapy for CCHFV

B. Ribavirin has not been tested in randomized trials

C. Favipravir has been demonstrated to reduce mortality
associated with CCHF in clinical trials

D. Plasmapheresis remains the treatment of choice
for CCHF
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Article Title
Crimean-Congo Hemorrhagic Fever Virus for Clinicians—
Epidemiology, Clinical Manifestations, and Prevention

CME Questions

1. Which of the following statements regarding the C. Asymptomatic—hemorrhagic—myocarditis/
epidemiology of Crimean-Congo hemorrhagic fever pericarditis—late sequelae
(CCHF) is most accurate? D. Incubation—prehemorrhagic—hemorrhagic—convales

A. CCHF is the most geographically widespread cent

tickborne disease
There are about 100,000 cases of CCHF diagnosed
worldwide each year

3. Which of the following statements regarding other
clinical characteristics of CCHF is most accurate?

B.

C. The primary vector of CCHF is the Amblyomma tick A.  The typical incubation period is 2 to 4 days
species B. Fever typically lasts 4 to 5 days

D. Healthcare workers are not a group at elevated risk C. Severe headache is rare
for CCHF D. The hemorrhagic phase usually last about 7 days

2. Which of the following statements best
characterizes the clinical course of CCHF?

A. Convalescent—recurrence—disseminated illness
B. Acute infection—subacute arthritis—tertiary features
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