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A small percentage of persons with leptospirosis, a re-
emerging zoonosis, experience severe complications that re-
quire hospitalization. The number of leptospirosis cases in the 
United States is unknown. Thus, to estimate the hospitaliza-
tion rate for this disease, we analyzed US hospital discharge 
records for 1998–2009 for the total US population by using 
the Nationwide Inpatient Sample. During that time, the aver-

age annual rate of leptospirosis-associated hospitalizations 
was 0.6 hospitalizations/1,000,000 population. Leptospiro-
sis-associated hospitalization rates were higher for persons 
>20 years of age and for male patients. For leptospirosis-
associated hospitalizations, the average age of patients at 
admission was lower, the average length of stay for patients 
was longer, and hospital charges were higher than those for 
nonleptospirosis infectious disease–associated hospitaliza-
tions. Educating clinicians on the signs and symptoms of lep-
tospirosis may result in earlier diagnosis and treatment and, 
thereby, reduced disease severity and hospitalization costs.

Leptospirosis-Associated  
Hospitalizations, United States, 

1998–2009
Rita M. Traxler,1 Laura S. Callinan,1 Robert C. Holman, Claudia Steiner, and Marta A. Guerra

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014	 1273	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014	 1273

Author affiliations: Centers for Disease Control and Prevention, 
Atlanta, Georgia, USA (R.M. Traxler, L.S. Callinan, R.C. Holman, 
M.A. Guerra); and Agency for Healthcare Research and Quality, 
Rockville, Maryland, USA (C. Steiner)

DOI: http://dx.doi.org/10.3201/eid2008.130450 1These authors contributed equally to this article.

Medscape,	LLC	is	pleased	to	provide	online	continuing	medical	education	(CME)	for	this	journal	article,	allowing	
clinicians	the	opportunity	to	earn	CME	credit.	 

This activity has been planned and implemented in accordance with the Essential Areas and policies of the 
Accreditation	Council	for	Continuing	Medical	Education	through	the	joint	providership	of	Medscape,	LLC	and	
Emerging	Infectious	Diseases.	Medscape,	LLC is	accredited	by	the	ACCME	to	provide	continuing	medical	education	
for physicians. 

Medscape,	LLC	designates	this	Journal-based	CME	activity	for	a	maximum	of	1.0	AMA PRA Category 1 
Credit(s)TM.	Physicians	should	claim	only	the	credit	commensurate	with	the	extent of their participation in the activity. 

All	other	clinicians	completing	this	activity	will	be	issued	a	certificate	of	participation.	To	participate	in	this	journal	
CME	activity:	(1)	review	the	learning	objectives	and	author	disclosures;	(2)	study	the	education	content;	(3)	take	the	
post-test	with	a	75%	minimum	passing	score	and	complete	the	evaluation	at	http://www.medscape.org/journal/eid;	(4)	
view/print certificate. 

Release date: July 16, 2014; Expiration date: July 16, 2015 

Learning Objectives 
Upon	completion	of	this	activity,	participants	will	be	able	to: 

1. Analyze the clinical presentation of leptospirosis 
2. Evaluate the epidemiology of leptospirosis-associated hospitalizations in the United States 
3. Distinguish the time of year when leptospirosis-associated hospitalizations are most common 
4. Compare	the	clinical	impact	of	leptospirosis-associated hospitalizations vs non-leptospirosis infectious 

disease hospitalizations 

CME Editor 
Claudia Chesley, Technical Writer/Editor, Emerging Infectious Diseases. Disclosure: Claudia Chesley has disclosed 
no relevant financial relationships. 

CME Author 
Charles P. Vega, MD, Associate	Professor	and	Residency	Director,	Department	of	Family	Medicine,	University	of	
California,	Irvine.	Disclosure: Charles P. Vega, MD, has disclosed the following financial relationships: Served as an 
advisor or consultant for McNeil Pharmaceuticals. 

Authors 
Disclosures: Rita M. Traxler, MHS; Laura S. Callinan, MPH; Robert C. Holman, MS; Claudia Steiner, MD, MPH; 
and Marta A. Guerra, DVM, PhD, MPH, have disclosed no relevant financial relationships. 

 



SYNOPSIS

Leptospirosis is a bacterial zoonotic infection caused by 
pathogenic serovars in the genus Leptospira (1). Ap-

proximately 10% of infections in humans result in clinical 
disease characterized by abrupt onset of fever, headache, 
muscle aches, and gastrointestinal involvement (2,3). Some 
infected persons can experience biphasic illness, in which 
more severe symptoms begin after a short recovery period 
(2,3). A total of 10%–15% of patients with clinical disease 
experience severe leptospirosis, characterized by multiple 
organ involvement (e.g., renal and liver failure, pulmonary 
distress and hemorrhage, cardiac arrhythmia), and a high 
rate of death (2,3). Severe infections comprise the majority 
of reported cases, but these cases underrepresent the inci-
dence of disease (4).

Leptospirosis has historically occurred in persons who 
have contact with fresh water following heavy rains and in 
persons who work outdoors, with animals, or in wet envi-
ronments contaminated with animal urine (2,3,5). The dis-
ease occurs more frequently in adult men than in children 
or women (4,6), and it is most prominent during warm and 
rainy seasons (2,3). In the United States, new groups at risk 
for leptospirosis have emerged, including residents in ur-
ban areas (7) and participants in freshwater sports (8,9).

In most places worldwide, leptospirosis is considered 
a reemerging human and animal disease (1,5). However, 
the disease was not considered nationally notifiable during 
1995–2012, so whether human leptospirosis is reemerging 
in the United States is unknown (10). During those years, 
leptospirosis was reportable in many states; among them, 
California and Hawaii showed reemergence of the disease 
(11,12). In addition, a report describing a higher than ex-
pected death rate among leptospirosis-infected persons in 
Puerto Rico suggested that, on the basis of the average 
death rate, many more clinical cases of leptospirosis should 
have been reported (13). The fewer than expected number 
of reported cases might have resulted from underreporting 
or from a lack of disease recognition. The findings in those 
reports indicate the potential reemergence of leptospirosis 
as a public health problem in the United States.

To increase our knowledge of this neglected disease in 
the United States, we used national hospital discharge data 
for 1998–2009 to estimate the number of persons in the US 
population with symptomatic leptospirosis requiring hos-
pitalization. We also used the discharge data to evaluate 
trends of leptospirosis-associated hospitalizations during 
the study period and to compare hospitalizations for lepto-
spirosis with those for other infectious diseases.

Methods
We analyzed the general US population hospital dis-

charge data for 1998–2009 from the Nationwide Inpatient 
Sample (NIS) (14). The Healthcare Cost and Utilization 
Project (HCUP), sponsored by the Agency for Healthcare 

Research and Quality (Rockville, MD, USA), produces 
NIS in collaboration with participating states (15). NIS is 
the largest all-payer inpatient care database in the United 
States and is a nationally representative sample of hospitals 
that includes a 20% sample of participating US community 
hospitals. Participating hospitals are short-term, nonfederal 
general and specialty hospitals sampled annually from up 
to 44 states. The overall design objective of NIS is to se-
lect a sample of hospitals that accurately represents the US 
population (15).

We calculated national estimates of the number of 
hospitalizations in the United States by using the HCUP 
weighting method (15,16). SEs and 95% CIs for rates were 
calculated by using SUDAAN software (http://www.rti.
org/sudaan/). If the relative SE (i.e., SE/no. of estimated 
hospitalizations) of an estimate was >0.30 or if unweighted 
counts were <10.0, data were suppressed because the esti-
mate was considered unreliable (15,16). The unit of analy-
sis was a hospitalization; birth-associated hospitalizations 
were excluded from the analysis.

For analysis, we selected hospitalizations during 
1998–2009 with an International Classification of Diseas-
es, 9th revision, Clinical Modification, code (ICD-9-CM 
code) for leptospirosis (i.e., code100) listed as any 1 of up 
to 15 diagnoses on the hospitalization record (17). We cal-
culated annual and average annual leptospirosis-associated 
hospitalization rates (per 1,000,000 persons) for the study 
period by using the annual number of weighted leptospi-
rosis-associated hospitalizations and the corresponding an-
nual census population overall and by sex, age group, and 
census region. Denominators were estimated by using the 
annual bridged race population estimates for 1998–2009 
from the National Center for Health Statistics, US Cen-
ters for Disease Control and Prevention (18,19). Regions, 
defined by HCUP, were based on the US census regions 
(Northeast, South, Midwest, and West) (20), which do not 
include US territories. Leptospirosis-associated hospital-
izations were compared with nonleptospirosis infectious 
disease–associated hospitalizations, which were defined as 
hospitalizations for a first-listed infectious disease, as de-
fined in previous studies (21) with updates as appropriate, 
other than leptospirosis. We calculated rate ratios to com-
pare rates between groups (22,23). Hospitalizations were 
not examined by patients’ race/ethnicity because these data 
were missing in 19% of the records.

For patients with leptospirosis-associated hospitaliza-
tions, we calculated the mean and median age at admission 
overall and by sex. We examined seasonality for leptospi-
rosis-associated hospitalizations by month of patient admis-
sion during the study period. We calculated the mean and 
median hospital charges for leptospirosis-associated hospi-
talizations overall, and we calculated the mean and median 
length of stay by the age and sex of patients and by region. 
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Age, hospital charges, and length of stay for leptospirosis-
associated hospitalizations were also compared with those 
for nonleptospirosis infectious disease–associated hospital-
izations. We performed t-tests in SUDAAN to determine 
whether leptospirosis-associated hospitalization charges and 
lengths of stay differed significantly by sex and region (24).

Results
During 1998–2009 in the United States, the average 

annual rate of leptospirosis-associated hospitalizations was 
0.6 hospitalizations/1,000,000 population (95% CI 0.5–0.6) 
(Table 1); the annual rate did not change over the period 
(Figure 1). Regional average annual rates ranged from 0.4 
hospitalizations/1,000,000 population (95% CI 0.3–0.5) in 
the Northeast to 0.7 hospitalizations/1,000,000 population 
(95% CI 0.5–0.9) in the West (Table 1).

The mean age of US patients with leptospirosis-associ-
ated hospitalizations was significantly younger than that for 
US patients with nonleptospirosis infectious disease–asso-
ciated hospitalizations (43.2 y [SE 1.1] vs. 52.1 y [SE 0.2]; 
p<0.001) (median ages are shown in Table 2). The mean 
age of female patients with leptospirosis-associated hospi-
talizations was slightly older than that for male patients, but 
the difference was not statistically significant (45.7 y [SE 
2.2] vs. 42.1 [SE 1.2]; p = 0.15).

The leptospirosis-associated hospitalization rate for 
adults 20–59 years of age (0.7 hospitalizations/1,000,000 
corresponding population, 95% CI 0.6–0.7) and >60 
years of age (0.7 hospitalizations/1,000,000 correspond-
ing population, 95% CI 0.6–0.9) differed from the rate for 
persons 0–19 years of age (0.3 hospitalizations/1,000,000 
corresponding population, 95% CI 0.2–0.4) (Table 1). 
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Table 1. Leptospirosis-associated hospitalizations and hospitalization rates by selected demographic characteristics, United States, 
1998–2009* 
Characteristic No. leptospirosis-associated hospitalizations (SE)† Hospitalization rate (95% CI)‡ 
Total 1,994	(126) 0.6	(0.5–0.6) 
Patient	age	group   
 0–19 287	(41) 0.3	(0.2–0.4) 
 20–59 1,260	(95) 0.7	(0.6–0.7) 
 60 441	(53) 0.7	(0.6–0.9) 
Patient	sex,	age	group,	y   
 M 1,401	(105) 0.8	(0.7–0.9) 
  0–19 190	(32) 0.4	(0.3–0.5) 
  20–59 934	(80) 1.0 (0.8–1.1) 
  60 277	(42) 1.1 (0.8–1.4) 
 F 587	(57) 0.3	(0.3–0.4) 
  0–19 97	(22) 0.2 (0.1–0.3) 
  20–59 326	(42) 0.3	(0.3–0.4) 
  60 164	(31) 0.5	(0.3–0.7) 
Region of residence    
 Northeast 261	(37) 0.4	(0.3–0.5) 
 Midwest 387	(48) 0.5	(0.4–0.6) 
 South 780	(68) 0.6	(0.5–0.7) 
 West 565	(87) 0.7	(0.5–0.9) 
*SEs	and	95%	CIs	were	calculated	by	using	SUDAAN	software	(http://www.rti.org/sudaan/). 
†Numbers in subgroups do not total 1,994 because of missing values in the Nationwide Inpatient Sample. 
‡Rate per 1,000,000 persons in corresponding population. 

 

Figure 1. Yearly rate of 
l e p t o s p i r o s i s - a s s o c i a t e d 
hospitalizations, United States, 
1998–2009. Vertical bars 
indicate 95% CIs. The rate for 
2006 is not included because it 
was unstable (relative SE >0.3).
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The leptospirosis-associated hospitalizations rate for male 
patients was 2.5 times the rate for female patients (95% 
CI 1.9–3.1, p<0.001).

A high proportion of leptospirosis-associated hospi-
talization admissions occurred during June–September 
(41.2% [SE 2.7%]) (Figure 2). The mean length of stay for 
patients with leptospirosis-associated hospitalizations was 
longer than that for patients with nonleptospirosis infec-
tious disease–associated hospitalizations (6.9 days [SE 0.4] 
vs. 5.6 days [SE 0.01]; p<0.001). The mean and median 
lengths of stay were not statistically significantly different 
by the age or sex of patients or by region.

For 1998–2009, the estimated hospital charges for 
leptospirosis-associated hospitalizations totaled US 
$76,013,667 (SE US $7,908,317). The mean charge for 
leptospirosis-associated hospitalizations was US $39,181 
(SE US $3,493); this amount was significantly higher than 
the mean charge for nonleptospirosis infectious disease–
associated hospitalizations (US $26,871 [SE US $198], 
p<0.001). The mean leptospirosis-associated hospital-
ization charges did not differ significantly between male  

patients (US $39,427 [SE US $4,231]) and female patients 
(US $38,605 [SE US $6,119]) or by age group (<20 years 
of age, US $40,659 [SE US $8,545]; 20–59 years of age, 
US $33,606 [SE US $3,351]; >60 years of age, US $53,533 
[SE US $10,566]).

Leptospirosis-specific diagnoses were listed on the 
hospital records as follows (the percentage of records list-
ing each diagnosis is shown in parentheses): unspecified 
leptospirosis (73% [SE 2.5%]); leptospirosis icterohemor-
rhagica (17% [SE 1.9%]); leptospirosis meningitis (6% [SE 
1.3%]); and other specific Leptospira spp. infections (4% 
[SE 1.0%]). The most common diagnoses listed for lepto-
spirosis-associated hospitalizations were volume depletion 
(23.8% [SE 2.1%]); thrombocytopenia, unspecified (18.7% 
[SE 2.0%]); acute kidney failure, unspecified (18.3% [SE 
2.0%]); and fever and other physiologic disturbances of 
temperature regulation (13.1% [SE 1.7%]) (Table 3). Fre-
quently performed procedures included spinal tap (20.5% 
[SE 2.1%]), venous catheterization (10.2% [SE 1.4%]), he-
modialysis (7.4% [SE 1.3%]), and transfusion of packed 
cells (6.2% [SE 1.3%]) (Table 4).
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Table 2. Numbers of leptospirosis-associated and nonleptospirosis infectious disease–associated hospitalizations by selected 
variables, United States, 1998–2009 
Variable,	characteristic Median	no.	(25th,	75th	quartiles)	hospitalizations 
Patient	age,	y  
 Infection type  
  Leptospirosis-associated 42.1	(27.8,	57.4) 
  Nonleptospirosis infectious disease 56.4	(30.4,	76.2) 
 Sex of patient  
  M 40.8	(27.0,	55.4) 
  F 44.2	(30.2,	60.6) 
Length of hospital stay, d, by hospitalization type  
 Leptospirosis-associated 4.1	(2.4,	7.5) 
 Nonleptospirosis infectious disease–associated 3.3	(1.7,	6.0) 
Hospital	charges,	US	dollars,	by	leptospirosis-associated hospitalizations  
 Total 19,768	(10,444,	37,422) 
  Sex of patient  
   M 18,577	(11,161,	34,855) 
   F 24,093	(9,279,	44,960) 
  Patient	age	group,	y  
   <20 17,815	(9,253,	33,780) 
   20–59 18,942	(10,700,	35,046) 
   60 24,578	(10,230,	58,103) 

 

Figure 2. Monthly percentages of 
leptospirosis-associated hospitalizations, 
United States, 1998–2009.



Leptospirosis-Associated Hospitalizations

Discussion
The current incidence of leptospirosis in the United 

States is unknown because national surveillance of the dis-
ease ceased after 1994 (10). Reports of reemergence and in-
creased incidence of leptospirosis in US states and globally 
(1,5,11,12), expanded number of risk groups (7,8), and a 
higher than expected death rate among reported case-patients 
in Puerto Rico (13) are raising concern that human leptospi-
rosis infections may be on the rise in the United States. Thus, 
existing data must be used to estimate the number of cases 
nationwide. NIS is an available dataset that can be used to 
estimate the number of leptospirosis case-patients requiring 
hospitalization, evaluate trends of leptospirosis-associated 
hospitalizations, and compare parameters of leptospirosis-
associated hospitalizations with those of nonleptospirosis 
infectious disease–associated hospitalizations.

The findings from our study indicate that the number 
of symptomatic patients with leptospirosis requiring hospi-
talization may be low in the United States. In addition, the 
findings do not indicate an increase in leptospirosis-asso-
ciated hospitalizations over the study period, 1998–2009. 
However, the average annual leptospirosis-associated hos-
pitalization rate of 0.6 hospitalizations/1,000,000 population 
likely represents only a proportion of all clinically diagnosed 
leptospirosis cases during 1998–2009, and the rate repre-
sents a much smaller proportion of all Leptospira spp. in-
fections (2,3,12). Several studies have found that 70%–90% 
of patients with reported leptospirosis cases are hospitalized 
(5,12,25); however, an active surveillance study identified 
5 times more leptospirosis cases than had been identified 
through passive surveillance, of which only 30% of the  

actively identified patients were hospitalized (26). Two 
studies of active case-finding following common-source 
outbreaks in the United States reported that 6% and 32% of 
the patients, respectively, were hospitalized (8,9). Although 
not directly comparable, the US leptospirosis incidence rate 
for 1994 (calculated from data in the Nationally Notifiable 
Diseases Surveillance System, http://wwwn.cdc.gov/nndss/) 
was 0.2 hospitalizations/1,000,000 population (27). The 
differences between the percentage of hospitalized patients 
identified from passive and active surveillance and between 
the leptospirosis-associated hospitalization rate and the 1994 
leptospirosis incidence rate could indicate underrecognition 
of cases and underreporting of cases to the Nationally Notifi-
able Diseases Surveillance System.

Male patients were more likely than female patients 
to have a leptospirosis-associated hospitalization. The 
difference in disease occurrence between sexes has been 
established in the literature (2,3). Although the cause for 
this difference is not clear, it has often been ascribed to 
higher rates of exposure to Leptospira spp. among the male 
population (2,3); this higher exposure is reflected in labor 
statistics and in the demographics of recreational activi-
ties associated with leptospirosis outbreaks (8,9,28). A few 
studies have demonstrated increased hospitalization rates, 
disease severity, and leptospiremia among male patients, 
which may indicate greater susceptibility for severe disease 
in male patients (25,29). More research is needed to de-
termine the reason for this disparity; however, it is likely 
multifactorial.

We found that persons >20 years of age were more like-
ly than younger persons to have a leptospirosis-associated 
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Table	3.	Selected	diagnoses	listed	on	leptospirosis-associated hospitalization discharge records, United States, 1998–2009* 
Diagnosis† ICD-9-CM	code No. (SE) discharge records %	(SE)	discharge	records 
Volume	depletion 276.5 475 (53) 23.8	(2.1) 
Thrombocytopenia, unspecified 287.5 373	(50) 18.7	(2.0) 
Acute kidney failure, unspecified‡ 584.9 365	(48) 18.3	(2.0) 
Fever and other physiologic disturbances of 
temperature regulation 

780.6 261	(36) 13.1	(1.7) 

Hyposmolality	and/or	hyponatremia 276.1 249	(37) 12.5	(1.6) 
Hypopotassemia 276.8 203	(34) 10.2	(1.5) 
Acute and subacute necrosis of liver‡ 570 148	(28) 7.4	(1.4) 
Jaundice, unspecified, not of newborn‡ 782.4 124	(25) 6.2 (1.2) 
Atrial fibrillation† 427.31 99	(24) 5.0	(1.1) 
Acute respiratory failure‡ 518.81 93	(21) 4.7	(1.1) 
* ICD-9-CM,	International	Classification	of	Diseases,	9th	revision,	Clinical	Modification (17). 
†Discharge records may contain >1 listed diagnosis. 
‡Diagnoses commonly associated with leptospirosis. 

 

 
Table	4.	Most	frequent	procedures	listed	on	leptospirosis-associated hospitalization discharge records, United States, 1998–2009* 
Procedure† ICD-9-CM	code No. (SE) discharge records %	(SE)	discharge	records 
Spinal tap 03.31 408	(46) 20.5	(2.1) 
Venous	catheterization, not elsewhere classified 38.93 203	(32) 10.2	(1.4) 
Hemodialysis 39.95 147	(27) 7.4	(1.3) 
Transfusion of packed cells 99.04 124	(26) 6.2	(1.3) 
Venous	catheterization	for	renal	dialysis 38.95 107	(23) 5.4	(1.2) 
*ICD-9-CM,	International	Classification	of	Diseases,	9th	revision,	Clinical	Modification (17). 
†Discharge records may contain >1 listed procedure. 

 



SYNOPSIS

hospitalization. A lower incidence of infection in children 
has been widely reported (6,12,25,26,30,31); the difference 
is likely due to increased environmental exposure to the bac-
teria among adults (3,4).

Because the incubation period for leptospirosis is 1–2 
weeks (range 2–30 days), the month of hospital admission 
for infected persons closely approximates the month of ex-
posure to the pathogen (2). The distribution of hospitaliza-
tions by admission month in our study reflects the seasonal-
ity of leptospirosis infections (2–4). The predominance of 
leptospirosis cases in summer and fall has been linked to 
increased environmental exposure to the bacteria through 
contaminated water and soil during warm months (2,4) and 
through flooding events associated with hurricanes (6,9).

In our study, the median length of hospital stay for 
patients with leptospirosis-associated hospitalizations was 
4.1 days; other studies have reported median lengths of 
stay of 5–10 days (range 1–46 days) (5,26). The higher 
hospital charges and longer lengths of stay for patients with 
leptospirosis-associated hospitalizations, compared with 
those for nonleptospirosis infectious disease–associated 
hospitalizations, likely result from the need for intensive 
care, supportive therapies, and invasive procedures that 
may be associated with the more severe form of leptospi-
rosis. Support from an intensive care unit was required for 
33%–64% of leptospirosis patients (5,32). In the presence 
of renal dysfunction and failure, which have been reported 
in 26%–47% of leptospirosis patients (25,31–34), fluid re-
placement therapy and dialysis are indicated to improve 
clinical outcome (2,3). The presence of hemorrhagic con-
ditions, including hematuria, hematemesis, and hemopty-
sis, ranges from 9.1% to 81.5% in patients hospitalized for 
leptospirosis (30,31,35), and these conditions often require 
blood transfusions (2). These therapies and procedures 
increase the cost of patient care (36), and such increases 
may be reflected in our study findings. Improved aware-
ness among clinicians of the clinical signs and symptoms 
of leptospirosis may lead to earlier diagnosis and treatment 
of the disease, which may reduce disease severity and, thus, 
hospitalization charges (36).

In NIS, aggregate demographic data for hospitaliza-
tions with an ICD-9-CM code of 100 (leptospirosis) are 
similar to data reported in the literature for patients with 
leptospirosis, but the leptospirosis-specific diagnoses 
are lower than expected. The NIS data are likely a valid  
representation of leptospirosis patients, although they may 
overrepresent the number of patients hospitalized after the 
initial febrile phase has ended. However, the use of the NIS 
dataset has limitations. Data from >44 US states are includ-
ed in the NIS each year (14); the incidence of leptospirosis 
may or may not be higher in the states not included in the 
annual sample. This limitation is especially pertinent to US 
territories, where leptospirosis is often an endemic disease 

(6,37). For these reasons, the overall rate of leptospirosis-
associated hospitalization may have been underestimated. 
However, in 1998, the annual NIS sampling frame com-
prised 67% of all US hospitalizations, but by 2009, 95% 
of all hospitalizations were included. Also, there is poten-
tial for misdiagnosis or for miscoding on hospitalization 
records. The diagnoses (ICD-9-CM codes) are physician-
based; neither laboratory confirmation of the diagnosis nor 
the reason for the hospitalization is included in the hospital 
discharge records.

Leptospirosis outbreaks have occurred in temperate 
and tropical areas of the United States, typically follow-
ing flooding events (8,9,11,12). As flooding events occur, 
infections may go unrecognized, particularly when other 
concurrent febrile illness outbreaks are occurring (6,12,13). 
The reinstatement of leptospirosis as a nationally notifiable 
condition in the United States has enabled the establish-
ment of leptospirosis surveillance and the collection of case 
data (10). These data will be used to calculate the nation-
al incidence of reported leptospirosis cases in the United 
States, clarify the current epidemiology of the disease, and 
possibly assess the benefit of earlier diagnosis and treat-
ment on patient outcomes. In addition, changes in health 
outcomes may be reflected in future analyses of hospital-
ization data. Educating clinicians on the clinical signs and 
symptoms of leptospirosis and the importance of case re-
porting is needed; it may reduce possible underrecognition 
and underreporting of the disease.
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Super-resistant Plasmodium falciparum threatens the 
effectiveness of sulfadoxine–pyrimethamine in intermittent 
preventive treatment for malaria during pregnancy. It is char-
acterized by the A581G Pfdhps mutation on a background 
of the double-mutant Pfdhps and the triple-mutant Pfdhfr. 
Using samples collected during 2004–2008, we investigat-
ed the evolutionary origin of the A581G mutation by charac-
terizing microsatellite diversity flanking Pfdhps triple-mutant 
(437G+540E+581G) alleles from 3 locations in eastern Af-
rica and comparing it with double-mutant (437G+540E) al-
leles from the same area. In Ethiopia, both alleles derived 
from 1 lineage that was distinct from those in Uganda and 
Tanzania. Uganda and Tanzania triple mutants derived from 
the previously characterized southeastern Africa double-
mutant lineage. The A581G mutation has occurred multiple 
times on local Pfdhps double-mutant backgrounds; how-
ever, a novel microsatellite allele incorporated into the Tan-
zania lineage since 2004 illustrates the local expansion of 
emergent triple-mutant lineages.

Controlling and reducing malaria requires a combina-
tion of vector control measures and administration 

of antimalarial drugs as prophylaxis or treatment (1). The 
widespread use of antimalarial drugs has resulted in the 
emergence of resistant Plasmodium falciparum, recurrently 
exposing persons in malaria-endemic regions to an unac-
ceptably high risk for treatment failures (2).

Highly chloroquine-resistant parasites spread from 
Asia in the 1960s and led to devastating rates of malaria-
related death in Africa starting in the late 1980s, gradu-
ally forcing affected countries to replace chloroquine with  
sulfadoxine–pyrimethamine (SP) (3–5). The effectiveness 
of SP did not last long. In fact, retrospective analysis indi-
cated that pyrimethamine-resistant parasites were present 
in sub-Saharan Africa before SP was implemented as first-
line treatment, probably because pyrimethamine as mono-
therapy had been used in Asia during the 1960’s and 1970’s 
(6–8). Resistance to sulfadoxine also soon emerged (9), 
and the combination of pyrimethamine- and sulfadoxine- 
resistant parasites led to severe and widespread SP treat-
ment failure (10–12). As a consequence, affected coun-
tries were once again forced to change their drug policies 
(13) and have now adopted artemisinin-based combina-
tion therapies as first-line treatment for uncomplicated 
malaria. Yet, SP is still recommended for use as intermit-
tent preventive treatment in pregnant women (SP-IPTp) 
and infants (SP-IPTi) (14,15). Also, seasonal malaria 
chemoprevention applies SP in combination with amodia-
quine (16). Use of SP for prevention in many countries of 
sub-Saharan Africa, where clinical failure after SP treat-
ment has been reported, underscores the need for effective 
surveillance of its protective efficacy and for monitoring 
of the development and spread of SP resistance in P. fal-
ciparum populations.

The molecular basis of SP resistance is a combination 
of single-nucleotide polymorphisms (SNPs) in 2 distinct 
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Super-Resistant P. falciparum

genes coding for the target enzymes of SP. The enzymes 
dihydrofolate reductase (DHFR) and dihydropteroate syn-
thetase (DHPS) are targeted by pyrimethamine and sulfa-
doxine, respectively (17). High-level pyrimethamine re-
sistance is generally encoded by 3 mutations in the Pfdhfr 
gene, coding for substitutions: N51I, C59R, and S108N 
(18); the molecular basis of sulfadoxine resistance is 
caused by substitutions S/A436F, A437G, K540E, A581G, 
and A613S/T in a variety of combinations in DHPS (19).

The most prevalent genotype in eastern Africa is a 
combination of the Pfdhfr triple mutant (51I, 59R, and 
108N, denoted as IRN) combined with the Pfdhps double 
mutant (S436, 437G, 540E, A581, and A613, denoted as 
SGEAA). Together, this combination of SNPs is referred 
to as the “quintuple” mutant Pfdhfr/Pfdhps genotype and 
is associated with high risk for SP treatment failure (17) 
and results in limited protective value of SP-IPTi (20). Ac-
cordingly, the World Health Organization (WHO) recom-
mends that SP-IPTi should be implemented only when the 
prevalence of the K540E mutation (and thus the quintuple 
mutant) is <50% (14).

More recently, an alanine to glycine mutation at co-
don position 581 in Pfdhps has emerged that, in combina-
tion with the Pfdhfr triple-mutant allele IRN, was shown 
to confer higher level resistance (21). This combination, 
referred to as the “sextuple Pfdhfr/Pfdhps mutant geno-
type” or the “super-resistant genotype” (22), is associated 
with reduced SP-IPTp efficacy by 1) a reduction in the 
protection period of SP-IPTp from 4 weeks to 2 weeks 
(23); 2) increased parasitemia attributed to competitive 
facilitation (23); 3) increased risk for severe malaria in 
the offspring (24); and 4) low birthweight in newborns 
from mothers undergoing SP-IPTp in Tanzania (25). Con-
sequently, WHO recommendations concerning the use 
of SP-IPTp base the threshold on 2 mutations: SP-IPTp 
should be discontinued if the prevalence of the K540E 
mutation is >95% and the A581G mutation is >10% (20). 
No threshold in the prevalence of molecular markers of 
resistance has been set with regard to seasonal malaria 
chemoprevention (15,16).

Maps collating all published data from molecular sur-
veillance of Pfdhfr and Pfdhps mutations (22) indicate 3 

main foci of super-resistant parasites: 1 in northern Tanzania  
(26); a second in southwestern Uganda, Rwanda, and bor-
dering areas of Democratic Republic of Congo (27–29); 
and a third in western Kenya (30). Prevalence of A581G 
also is high in Ethiopia and northern Sudan, where it again 
occurs as the Pfdhps triple-mutant allele SGEGA but in 
combination with a Pfdhfr double-mutant allele 51I-108N.

Assessments of microsatellite variation linked to 
Pfdhps have shown that limited microsatellite diversity 
flanking the SGEAA double mutants compared with the 
SAKAA wild types. Two SGEAA lineages were discov-
ered in eastern Africa: 1 prevailing in northeastern Africa 
(Ethiopia and Sudan) and the other throughout south-
eastern Africa. Both lineages derived from independent 
ancestry (10). Here we apply the same approach, using 
the same microsatellite loci, to determine the ancestry 
and possible relationship between the double SGEAA and 
triple SGEGA alleles in Ethiopia, Uganda, and Tanzania. 
By focusing on microsatellite variation linked to Pfdhps, 
we can explore whether the emergence of the SP-IPT-
threatening SGEGA triple mutants in Ethiopia, Uganda, 
and Tanzania derive from local SGEAA alleles or are be-
ing imported.

Materials and Methods

Study Sites
Samples for the study were collected during 2004–

2008. Study sites were in Uganda (2 sites), Tanzania  
(3 sites), and Ethiopia (1 site) (Table).

Sample Collection

Bufundi and Rikungiri, Uganda
Uganda implemented SP-IPTp in 2000 and has not 

implemented SP-IPTi or seasonal malaria chemopreven-
tion. Finger-prick blood-spot samples were obtained from 
symptomatic patients of all ages after P. falciparum in-
fection was confirmed by a Paracheck rapid test (Orchid 
Biomedical Systems, Chennai, India) during May–Decem-
ber 2005 at reference health facilities in Bufundi (Kabale 
District) (38 samples) and Kebisoni (Rukungiri District) 
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Table. Study sites and number of samples genotyped for super-resistant Plasmodium falciparum, eastern Africa* 

Study site. 
SGEAA  SGEGA Total haplotype 

diversity No. samples Haplotype	diversity  No. samples Haplotype	diversity 
Ethiopia,	Humera,	Tigray 35 4  41 1 4 
Uganda       
 Bufundi,	Kabale 24 5  14 3 7 
 Kebisoni,	Rukungiri 27 5  14 3 7 
Tanzania       
 Hale,	Tanga 21 6  15 3 8 
 Korogwe,	Tanga 64 21  19 3 22 
 Magoda, Tanga 7 3  15 6 6 
*By country, district, village. Samples from Ethiopia are from	2004;	samples	from	Uganda	are	from	2005;	and	samples	from	Tanzania	are	from	2004	
(Korogwe	only),	2006	(Korogwe	and	Hale),	2007	(Korogwe	only)	and	2008	(Magoda	only). 
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(41 samples). Blood spots were air dried on Whatman no. 
3 filter paper (VWR–Bie & Berntsen, Herlev, Denmark), 
sealed in plastic bags with a desiccant, and stored at room 
temperature for molecular genotyping (27). The Uganda 
National Council for Science and Technology (UNSCT HS 
35) and the ethics committee of the London School of Hy-
giene and Tropical Medicine (London, UK) gave scientific 
and ethical permission. Consent was obtained from all per-
sons or their guardians before sample collection.

Hale, Korogwe, and Magoda, Tanzania
Tanzania implemented SP-IPTp in 2001 and has not 

implemented SP-IPTi or seasonal malaria chemoprevention. 
Samples were obtained from 3 different settings in Tanga re-
gion. From Hale (36 samples), finger-prick blood-spot sam-
ples were taken from symptomatic children 6–59 months of 
age who attended Hale Health Centre during July–August 
2006 as previously described (21). The study protocol was 
approved by the Ethics Review Committees of the National 
Institute for Medical Research, Tanzania, and the London 
School of Hygiene and Tropical Medicine and was regis-
tered as a clinical trial with the National Institutes of Health 
(http://www.clinicaltrials.gov, identifier NCT00361114). 
From Korogwe (83 samples), finger-prick or venous blood 
samples were obtained on filter paper from children and ado-
lescents <20 years of age from Mkokola and Kwamasimba 
villages. Samples were collected in March 2004, May 2006, 
and May 2007, as described (26). The Medical Research Co-
ordinating Committee of the National Institute for Medical 
Research and Ministry of Health, Tanzania, granted ethical 
clearance for the study. All participants or their parents or 
guardians provided informed consent. Samples from Ma-
goda villages (22 samples) were collected from children <5 
years of age in June 2008 as part of a cross-sectional assess-
ment of malaria prevalence (31).

Humera, Ethiopia
Ethiopia has adopted neither of the WHO recommen-

dations regarding use of SP as prophylaxis. Samples were 
collected from patients of all ages who attended Kahsay 
Abera Hospital in Humera during January–April 2004 and 
who had symptomatic uncomplicated malaria (10). The pa-
tients were enrolled in an in vivo efficacy trial, comparing 
artemether–lumefantrine therapy with SP therapy, which 
was conducted by staff of Kahsay Abera Hospital and the 
Mekele Regional Health Bureau. Finger-prick blood-spot 
samples were taken from patients before treatment after 
they gave written informed consent to participate in the 
study, and genetic analysis was conducted in support of the 
drug efficacy evaluation. The Ethical Clearance Commit-
tee of the Tigray Health Research Council and the external 
Ethics Review Board used by Médecins sans Frontières 
gave ethical permissions for the study.

Genotyping
Sample collection at the different study sites was not 

standardized because the samples derived from independent 
studies. However, all samples consisted of finger-prick blood 
spots stored on filter paper, and parasite DNA was extracted 
by using the Chelex method (32).

Point mutations in samples from Hale, Tanzania, were 
determined by direct sequencing (21). Sequencing was per-
formed by using the ABI-3730 automatic sequencer (Ap-
plied Biosystems, Foster City, CA, USA), and samples were 
analyzed with Applied Biosystems BigDye V. 3.1 (Applied 
Biosystems).

For all other samples, the polymorphic region of Pfdhps 
was PCR-amplified before sequence-specific oligonucle-
otide probing (SSOP) for mutations at codons 436, 437, 540, 
581, and 613 by using primers and PCR conditions described 
elsewhere (33). SSOP-genotyping of samples from Uganda 
and Ethiopia was conducted according to an SSOP–dot-blot 
method (10); genotyping of samples from Korogwe and 
Magoda in Tanzania was conducted according to an SSOP-
ELISA method (33).

Only samples containing the Pfdhps SGEAA or SGE-
GA alleles were included for further analysis; other alleles, 
such as wild-type or single-mutant alleles, were excluded. In 
general, only a single sequence was detected at every codon, 
but if the sequence analysis detected a mixture, these sam-
ples were handled as mixed infections. Mixed infections, in 
turn, were further analyzed only if 1 allele was substantially 
in the majority (i.e., a 2:1 signal ratio between the dominant 
genotype and the minor genotype) and a majority SNP could 
be confidently determined at all codon positions (33).

Microsatellite Analysis
Analysis was performed on 3 Pfdhps-linked microsatel-

lites located 0.8 kb (marker [m.] 0.8), 4.3 kb (m. 4.3), and 7.7 
kb (m. 7.7) downstream of the coding position 437 of Pfdhps, 
located on chromosome 8 (34). Microsatellites were ampli-
fied by seminested PCR as described previously (34), and 
products were run with GeneScan-500 LIZ Size Standards 
(Applied Biosystems) in an ABI 3730 DNA analyzer (Ap-
plied Biosystems) and analyzed by using Genemapper soft-
ware (Applied Biosystems). If >1 microsatellite allele was de-
tected in any given sample, the peak height ratio was used to 
determine the majority allele for that locus. If the major allele 
did not have a peak height of at least double the height of the 
minor allele, the sample was excluded from further analysis.

Microsatellite haplotypes were constructed by combin-
ing alleles detected in each of the 3 microsatellite loci. Sam-
ples with missing data were not included.

Results
A total of 300 samples with either Pfdhps double-

mutant (SGEAA) or triple-mutant (SGEGA) alleles were 
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subjected to microsatellite analysis, and 277 (92.3%) of 
these gave conclusive results. Microsatellite haplotypes as-
sociated with the Pfdhps double- and triple-mutant alleles 
are listed in full (online Technical Appendix Table, http://
wwwnc.cdc.gov/EID/article/20/8/13-1897-Techapp1.pdf), 
where the haplotypes are ranked hierarchically according 
to allele size, first at the 0.8-kb locus, then at 4.3-kb locus, 
and finally at the 7.7-kb locus, and each unique haplotype 
was assigned a number.

Diversity of Microsatellite Composition among  
SGEAA Samples

SGEAA alleles from Ethiopia were associated with 
4 different microsatellite haplotypes (Figure, panel A; 
Table). Haplotype 4 (notation 121–114–98, refers to frag-
ment size 121 bp at the 0.8-kb locus, 114 bp at the 4.3-kb 
locus, and 98 bp at the 7.7-kb locus) predominated and was 
found in 30 (85.7%) of the 35 SGEAA alleles sampled. Of 
the remaining 3 microsatellite haplotypes, haplotypes 7 and 
21 were each found twice; 11 was found once. Haplotype 
11 (131–104–107) was most common in the samples from 
Uganda and Tanzania. No samples from Tanzania or Ugan-
da were Ethiopia haplotype 4. The Uganda SGEAA alleles 
were associated with 8 different microsatellite haplotypes 
(Figure, panel A; online Technical Appendix Table, 5 hap-
lotypes found at each site); the most common haplotype, 
haplotype 11 (131–104–107), was found in 82.4%, (42/51) 
of samples. The 92 SGEAA samples collected from 3 study 
sites in Tanzania exhibited 24 different microsatellite hap-
lotypes (Figure, panel A; online Technical Appendix Ta-
ble). Korogwe exhibited the greatest diversity by having 21 
haplotypes among 64 SGEAA sample. As in Uganda, most 
of the Tanzania SGEAA alleles were associated with hap-
lotype 11 (53 [57.6%]). Among the remaining 39 samples 
were 23 alternative but related haplotypes.

Diversity of Microsatellite Composition among  
SGEGA Samples

Of 41 SGEGA samples from Ethiopia, only 1 micro-
satellite haplotype was present: haplotype 4 (121–114–98) 
(Figure, panel B; online Technical Appendix Table). The 
28 SGEGA samples from Uganda were associated with 
3 microsatellite haplotypes; all 3 combinations were rep-
resented in the 2 sites (Figure, panel B; online Appendix 
Table). Of these SGEGA samples, 24 (85.7%) were hap-
lotype 11 (131–104–107). The 2 less common haplotypes, 
haplotypes 18 (131–104–125) and 14 (131–104–113), are 
evidently related to haplotype 11, differing by 1 allele at 
the 7.7-kb locus. Of 49 SGEGA samples collected from 
Tanzania, we found 7 microsatellite haplotypes (Figure, 
panel B; online Technical Appendix Table). This finding 
indicates less diversity than was associated with SGEAA 
alleles: Hale (3 haplotypes), Korogwe (3 haplotypes), and 

Magoda (6 haplotypes). Of the Tanzania SGEGA samples, 
18 (36.7%) were haplotype 11, the same haplotype com-
mon among Tanzania and Uganda SGEAA samples and 
among Uganda SGEGA samples. Of the remaining 28 
SGEGA samples from Tanzania, 24 (49.0% of total Tanza-
nia SGEGA samples) were haplotype 18 (131–104–125), 
a haplotype found only twice in association with SGEAA 
samples from Tanzania. This haplotype was found twice 
among Uganda SGEGA samples and never among Uganda 
SGEAA samples.

Discussion
Although SP is no longer recommended as first-line 

treatment for P. falciparum infection, it is widely recom-
mended for prevention and possibly still available over the 
counter for self-treatment. Presumably, therefore, SP has 
continued to exert selective pressure on already resistant 
parasites, which might explain the continuing emergence 
of the triple-mutant Pfdhps allele (SGEGA), which is cur-
rently being described for certain regions of eastern Africa. 
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Figure. Proportion of microsatellite haplotypes linked to SGEAA and 
SGEGA, eastern Africa. Microsatellite haplotypes associated with 
the Pfdhps double-mutant allele SGEAA (A) and Pfdhps triple-mutant 
allele SGEGA (B) in Ethiopia, Tanzania, and Uganda. Haplotype 
numbering (x-axis) refers to a unique combination of microsatellite 
allele sizes at the 3 loci linked to dhps (specific microsatellite allele 
combinations are listed in the online Technical Appendix Table [http://
wwwnc.cdc.gov/EID/article/20/8/13-1897- Techapp1.pdf]. Proportion 
(y-axis) is the number of alleles associated with each microsatellite 
haplotype expressed as a proportion of the total number of alleles 
sampled in each country for which the associated microsatellite 
haplotype could be determined.
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An increased prevalence of the A581G mutation has been 
well documented in eastern Africa in recent years; it in-
creased from 12% in 2003 to 56% in 2007 at study sites 
in Korogwe, Tanzania (26). In Kabale and Rukungiri, 
Uganda, samples from 2005 showed a high prevalence of 
the A581G mutation at 45% and 46%, respectively (27); 
studies during 2005–2006 in Rukara and Mahesha, Rwan-
da, observed prevalences of 60% and 29%, respectively 
(28). A study in 2010 in Huye District, Southern Province, 
Rwanda, reported a prevalence of 63% (35). In eastern 
Sudan, a study found an increase in the prevalence of the 
A581G mutation from 14% in 2003 to 34% in 2012 (36). In 
Kenya, Kisumu, a study showed an increase in the A581G 
mutation from 0% in 1999–2000 to 85% in 2003–2005 
(30). More recently, in Nyanza Province, western Kenya, 
the prevalence of the A581G increased from 0% to 5.3% 
from 2008–2009 (37).

In this study, we investigated the origins of triple-mu-
tant Pfdhps alleles by analyzing the microsatellite diversity 
flanking Pfdhps. We sampled both SGEAA double mutants 
and SGEGA triple mutants in 3 populations at the key mo-
ment: when the SGEGA triple mutant had emerged but had 
not yet replaced the SGEAA double mutant. At this time, 
double- and triple-mutant alleles were present in similar 
numbers in the areas, but SP-sensitive alleles were very rare.

In Ethiopia, both SGEAA and SGEGA alleles were 
associated with haplotype 4 (121–114–98), indicating 
a shared ancestry that has evolved independently from 
SGEAA and SGEGA alleles from Uganda and Tanzania. 
The SGEAA in these 2 countries were associated with lin-
eage 11 (131–104–107), the same microsatellite haplotype 
previously shown to be associated with the double-mutant 
alleles throughout Tanzania, Kenya, Uganda, Mozam-
bique, and Zambia (10).

In Ethiopia and Uganda, we found evidence that the most 
prevalent SGEAA haplotype locally had given rise to SGE-
GA haplotypes in the same area; the most common SGEAA 
haplotype was also the most common SGEGA haplotype in 
both countries (haplotypes 4 and 11, respectively). However, 
in Tanzania, the microsatellite haplotype most commonly as-
sociated with SGEGA (haplotype 18 [131–104–125], 25/49 
samples) was not identical to that most commonly associated 
with SGEAA (haplotype 11 [131–104–107]), because only 2 
SGEAA samples were haplotype 18. This finding leads us to 
speculate that the A581G mutation has emerged on at least 2 
occasions in Tanzania.

We found that the microsatellite diversity associated 
with both SGEAA and SGEGA haplotypes in Ethiopia 
samples was less than in the SGEAA and SGEGA samples 
from sites in Uganda and Tanzania. The high level of ho-
mozygosity among microsatellite haplotypes in Ethiopia 
might be due to a high degree of selective pressure, which 
in turn might be assisted by population bottlenecks brought 

about by a narrow malaria transmission season and limited 
exchange of parasites, with neighboring regions resulting 
from limited migration. The Ethiopia samples originate 
from the Tigray District near the Eritrean border. Despite 
some migration of refugees from Eritrea to Ethiopia, a sub-
stantial spread to and from the Tigray District in Ethiopia 
during the years before sample collection is doubtful be-
cause of the continued presence of forces at the border dur-
ing the cease fire succeeding the Eritrean–Ethiopian war 
initiated in 2000. Double- and triple-mutant alleles from 
northeastern and eastern Sudan also are associated with 
haplotype 4 (121–114–98) (10) and represent greater di-
versity than what we present from Ethiopia, which supports 
the view that the parasite populations in these 2 countries 
are linked (10,38).

Tanzania is a capital of trade and emigration for sub-
Saharan Africa. The Tanzam highway (running from Tan-
zania through Zambia) is one of the most trafficked roads 
on the African continent, and higher diversity and sharing 
of common microsatellite haplotypes among the Ugandan 
and Tanzanian populations were therefore expected. A 
recent publication about the correlation between human 
population movement and malaria movement in Uganda, 
Tanzania, and Kenya (39) illustrates that the major human 
population movement and malaria movement in Tanzania 
originates from central Dodoma and directs northward and 
westward. In this regard, an early selection of a haplotype 
in the Tanga region (northeast) compared with other areas 
of Tanzania, can be speculated to be plausible because of 
the larger levels of parasite migration to northern and west-
ern parts of the country, diluting to some extent the newly 
selected haplotypes in these areas.

In conclusion, we provide evidence that the A581G 
mutation can arise on various SGEAA ancestral back-
grounds, of which we have shown 3 different cases (haplo-
types 4, 11, and 18), from areas previously known to repre-
sent 2 distinct parasite lineages. Our microsatellite analysis 
is consistent with reports that the SGEGA triple-mutant 
alleles are undergoing rapid expansion, and we found evi-
dence of spread of the Tanzania SGEGA haplotype (hap-
lotype 18) as far as southwestern Uganda, which illustrates 
the potential for dispersal of super-resistant P. falciparum 
malaria throughout the region. Given the rate of increase 
and the ability of double-mutant allele lineages to acquire 
the super resistance–conferring A581G mutation indepen-
dently, it is vital for the continuing effectiveness of prophy-
laxis with SP that more comprehensive surveillance for the 
A581G mutation be used to track emerging super-resistant 
malaria in Africa.
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An understanding of the global migration dynamics of 
highly pathogenic avian influenza A(H5N1) virus is helpful 
for surveillance and disease prevention. To characterize the 
migration network of this virus, we used genetic analysis, 
which supported a global persistence model in which each 
of 9 regions acts to some extent as a source. Siberia is the 
major hub for the dispersal of the virus. Southeast Asia and 
Africa are major sources of genetically and antigenically 
novel strains. We found evidence of local persistence of the 
virus in Southeast Asia and Africa, which is rare for human 
influenza A viruses. The differences in migration dynamics 
between avian and human influenza viruses might help with 
the design of region-specific surveillance efforts and the se-
lection of vaccine candidates.

Highly pathogenic avian influenza (HPAI) A(H5N1) 
virus is an ineradicable zoonotic virus that continues 

to mutate and reassort in nature and poses a serious threat 
to avian and human health. As the natural hosts of avian 
influenza viruses, wild birds are the main reservoir for the 
HPAI (H5N1) pandemic; whether these birds contribute to 
the viruses’ global circulation remains under debate (1–3).

Since their emergence in China in 1996 (4), HPAI 
(H5N1) viruses have spread to most Eurasian and African 
countries and have caused 650 laboratory-confirmed cases 
of human infection and 386 deaths (5). Understanding the 
migration dynamics of HPAI (H5N1) viruses is thus es-
sential for surveillance and prevention of these infections 
in birds and humans and for policy decisions on vaccine 
development and/or implementation.

Numerous genetic studies have been conducted to 
determine the mechanisms underlying influenza A virus 
seasonality among humans; most results support a mod-
el of global migration (6–11). Rambaut et al. proposed 

a source–sink model for virus ecology (7), in which the 
tropics are the source regions and the subtropical and tem-
perate zones of the Northern and Southern Hemispheres 
are the sink regions. Similarly, Russell et al. suggested 
that eastern and Southeast Asia comprise a regional cir-
culation network that is the leading region for the evolu-
tion of human influenza viruses (8). However, Bedford 
et al. found that seasonal epidemics in the United States 
had seeded epidemics around the world in a pattern called 
global persistence (9). More recently, Bahl et al. found 
that the tropics (e.g., Southeast Asia and Hong Kong) did 
not maintain a source for annual epidemics of influenza 
A(H3N2) virus infection (12). Alternatively, each geo-
graphic region might act as a potential source, supporting 
the global persistence model.

Also extensively studied have been the migration 
mechanisms of avian influenza A(H5N1) virus (13–15). 
Despite the use of different methods, many studies reached 
the same conclusion: China is the source of multiple clus-
ters of influenza A(H5N1) viruses identified from other 
countries in eastern and Southeast Asia (13–18). Liang et 
al. have also proposed that southern China and Southeast 
Asia might be the source of influenza A(H5N1) virus, seed-
ing outbreaks elsewhere, and that eastern Siberia might be 
the source of influenza A(H5N1) virus cross-infection and 
genetic reassortment (19).

However, several questions remain with regard to the 
migration of HPAI (H5N1) viruses. For example, what 
are the features of their global migration network? Which 
region acts as the key node? Is southern China the only 
source of novel HPAI (H5N1) viruses? If not, what are the 
other sources? Are the sources stable, or do their contribu-
tions change with time?

To address these questions, we analyzed a large num-
ber of hemagglutinin gene sequences of influenza A(H5N1) 
viruses from avian hosts by using BEAST (20) and Migrate 
(21,22), which can estimate genetic diversity of each region 
and migration rates between regions. On the basis of these 
findings, we characterized the global migration network and 
studied the migratory mechanism of HPAI (H5N1) viruses.
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Materials and Methods

Sequence Data and Genetic Diversity
All available sequences of the hemagglutinin gene of 

HPAI (H5N1) viruses isolated from avian hosts were ob-
tained from Influenza Virus Resources at the National Cen-
ter for Biotechnology Information (http://www.ncbi.nlm.
nih.gov/genomes/FLU/). These sequences were aligned by 
using MUSCLE (23). After short sequences (>60 bp short-
er than the full-length hemagglutinin-1) were removed, the 
final dataset included 3,365 sequences from 9 geographic 
regions, which, to our knowledge, made it the largest in-
fluenza A(H5N1) virus dataset analyzed (Table 1; online 
Technical Appendix Figure 1, http://wwwnc.cdc.gov/EID/
article/20/8/13-0910-Techapp1.pdf). Therefore, we con-
sider that the sequence data available in the database are in-
formative and representative of the geographic distribution 
and global circulation of HPAI (H5N1) viruses, although 
they were not obtained through systematic global influenza 
virus sampling that was random in terms of time and space.

To evaluate whether the classification of 9 regions 
was appropriate, we used the same method for estimat-
ing nucleotide diversity of avian influenza A(H5N1) vi-
rus that had been used for influenza A(H3N2) virus (9). 
Within-region nucleotide diversity was estimated in terms 
of πw:

where n is the number of regions and π(ii) refers to diver-
sity estimates in which both samples in each pair are from 
region i.

The overall between-region diversity was estimated  
as πb

where π(i,j) refers to diversity estimates in which 1 sample is 
from region i and the other sample is from region j.

Confidence intervals were estimated by taking 1,000 
bootstrap replicates from the total pool of sequences. FST 
(genetic distance) was calculated as (πb-πw)/πb, with FST >0 
indicating genetic isolation among regions (24) and sup-
porting the geographic classification mentioned above.

Estimating Global Parameters and Testing  
Geographic Association at Tips

The program Migrate requires input of 2 parameters: 
the transition/transversion ratio (κ) and the rate of nucleotide 
substitution (μ). We estimated these parameters by using the 
Bayesian phylogenetic method implemented in BEAST ver-
sion 1.7.2 (20). For all analyses, we used the uncorrelated 
lognormal relaxed molecular clock to accommodate rate 

variation among lineages (25). We used the HKY85 model 
(26) of nucleotide substitution to parameterize the mutation-
al process; equilibrium nucleotide frequencies were derived 
from observed frequencies; equilibrium nucleotide frequen-
cy rates were homogeneous across sites. Posterior distribu-
tions of parameters were estimated by using Markov chain 
Monte Carlo (MCMC) sampling. Samples were drawn ev-
ery 5,000 steps over a total of 4.0 × 107 steps, and 2.5 × 107 
steps were removed as burn-in. The transition/transversion 
ratio (κ) was estimated to be 9.163 (95% CI 8.633–9.676). 
The rate of nucleotide substitution () was estimated to be 
5.595 × 10–3 substitutions/site/year (95% CI 5.249 × 10–3  to 
5.970 × 10–3 substitutions/site/year).

To estimate the extent of geographic structure (ex-
tent to which viruses from the same geographic region are 
more likely to cluster together in the phylogenetic tree than 
expected by chance) in the HPAI (H5N1) influenza virus 
populations, we performed a phylogenetic-trait association 
analysis on the posterior distribution of trees produced by 
BEAST. These geographic regions were coded onto the 
tips of the 3,000 trees sampled from the posterior, which 
were then analyzed by using the maximum monophyletic 
clade size statistic implemented in the Bayesian Analysis of 
Time Series program with 1,000 randomizations (27). For 
each of the 9 regions included in the analysis, the Bayesian 
Analysis of Time Series program was used to calculate a 
p value, which indicated whether the sequences from this 
region are more inclined to cluster together in the tree than 
expected by chance.

Estimating Migration Rates between Regions  
through Resampling

To estimate coalescent parameters for each geograph-
ic region, we used an MCMC technique implemented in 
Migrate version 3.3.0 (21,22). The prior distribution of Θ 
(mutation-scaled population size) and 2 Nm (migration 
rate) values was assumed to be exponential with a mean 
of 1, and mutational parameters were fixed in the analy-
ses. To minimize the influence of potential sampling biases 
on our results, we performed independent analyses of 100 
resampled replicates. For each replicate, we randomly sam-
pled 50 sequences without replacement from each region 
(online Technical Appendix Table 2). For each of the 100 
bootstrap replicates, 50 MCMC simulations were run for 6 
× 106 steps each. The first 5 × 106 steps of each chain were 
removed as burn-in. Parameter values were sampled every 
104 steps. Convergence was assessed visually and through 
comparison of chains by using the Gelman-Rubin conver-
gence statistic (28). We combined the remaining samples 
from each chain to give a total of 5,000 samples for each 
of the resampled replicates. Estimates of migration rates 
varied little across the 100 replicates (online Technical Ap-
pendix Table 1); mean values are shown in Table 2.
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Genealogical Inference and Trunk Extraction
Most of the viruses we analyzed were isolated from 

domestic chickens and ducks. To infer the genealogy, 
we reduced the dataset so that a maximum of 30 se-
quences per year were sampled from chickens and ducks  
from each region. Combining this subset of sequences 
with those from the other hosts yielded a final dataset of 
2,392 sequences; this dataset had notably fewer sequenc-
es from Africa, China, and Southeast Asia than did the 
original dataset (online Technical Appendix Table 2).  
We fixed Θ and 2Nm at the values estimated in the previ-
ous analysis.

We ran 4 MCMC chains for 2 × 108 steps each, of 
which the first 108 steps were removed as burn-in; gene-
alogies were sampled every 105 steps. We combined the 
remaining samples of 4,000 genealogical trees and per-
formed trunk reconstruction on them.

Trunk extraction and processing was performed by 
using the program PACT (http://www.trevorbedford.com/
pact), which is able to estimate the mean and 95% cred-
ible interval for the proportion of the trunk assigned to each 
geographic region (9). The bigger the proportion, the more 
the corresponding region accounts for virus variation and 
evolution. By calculating the proportion of sampled gene-
alogies for which the trunk is assigned to a particular region 
at different points in time, we could also assess the tempo-
ral dynamics, which illustrate the annual change of trunk 
proportion for each region.

Testing the Robustness of the Results
For many sequences, the time of isolation is known 

to the nearest year only, which limits the precision of esti-
mates of relative genetic diversity through time. Therefore, 
we further analyzed a subsample in which we included only 
sequences isolated during 2006–2011 and for which de-
tailed isolation times were available. This dataset included 
1,173 samples from 6 geographic regions. We repeated the 
above analyses on this subset of the dataset. Our sampling 
strategies can be found in online Technical Appendix Table 
3. MCMC simulations were run for 4 × 107 steps, and 2 × 
107 steps were removed as burn-in.

Estimating Genetic Diversity of Each Region
To estimate the relative genetic diversity of each re-

gion through time, we extracted sequences of viruses from 
each region from the subsampled subdataset with 1,173 se-
quences from 2006 through 2011, which composed 5 new 
datasets: for Africa, Southeast Asia, China, southern Asia, 
and Europe (including Siberia). Each of these datasets was 
analyzed by using the Bayesian skyride method (29) in 
BEAST. Because the sizes of these subdatasets differed, 
we ran MCMC simulations for different steps for each and 
collected samples every 104 steps.

Results

Geographic Structure
Our dataset included 3,365 HPAI (H5N1) virus hemag-

glutinin gene sequences exclusively identified from nonmam-
malian hosts. On the basis of geography and sampling density, 
we classified these sequences into 9 regions: China (mainland 
China, n = 768), Hong Kong Special Administrative Region 
(n = 168), South Korea and Japan (n = 105), Siberia (n = 95), 
Southeast Asia (n = 1,024), southern Asia (n = 176), western 
and central Asia (n = 64), Europe (n = 261), and Africa (n 
= 704). This geographic classification is significantly sup-
ported by a phylogenetic trait–association test; all p values 
were <0.001, indicating that the sequences are more inclined 
to cluster together by geographic location than would be ex-
pected by chance (Table 1). Moreover, on average, genetic 
diversity between regions, πb = 42.64 × 10–3 (95% CI 41.09 × 
10–3–48.81 × 10–3), is greater than within regions, πw = 17.21 
× 10–3 (95% CI 16.33 × 10–3–18.19 × 10–3). FST was estimated 
to be 0.596 (95% CI 0.573-0.649), indicating genetic isola-
tion among regions and also supporting the rationale for clas-
sifying the HPAI (H5N1) virus hemagglutinin sequences into 
9 regions (24). Further information about regional genetic 
diversity is provided in online Technical Appendix Table 4.

Global Migration and Persistence Indicated by  
Migration Rates

We used the sampling strategy of Bedford et al. to 
study the global migration of human influenza A(H3N2) 
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Table	1.	Statistical	analysis	of	geographic	structure	for	highly	pathogenic	avian	influenza	A(H5N1)	viruses* 

Region 
Maximum monophyletic clade size 

Observed mean 95%	CI Null mean 95%	CI Significance, p value 
South	Korea	and	Japan 50.44 49.0–68.0 1.66 1.19–2.04 0.001 
Siberia 8.90 8.0–11.0 1.59 1.11–2.01 0.001 
Southeast Asia 311.54 296.0–440.0 4.57 3.93–5.95 0.001 
Africa 47.73 38.0–64.0 3.55 3.12–4.30 0.001 
Hong	Kong 17.00 17.0–17.0 1.99 1.65–2.24 0.001 
China 32.88 28.0–42.0 3.74 3.23–4.65 0.001 
Europe 80.08 80.0–80.0 2.21 2.01–3.00 0.001 
Central	and	western	Asia 5.23 3.0–8.0 1.32 1.00–2.00 0.001 
Southern Asia 106.00 106.0–106.0 2.03 1.75–2.30 0.001 
*Analyzed by using Bayesian Analysis of Time Series (27). 
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virus (9). Our results support a global migration mod-
el (Figure 1; Table 2) in which all regions in the analy-
sis are connected to form a global migration network; 
the migration rate between any 2 regions is >0 (online  
Technical Appendix Table 1). However, the geographic re-
gions play different roles in the connectivity of the global 
migration network, as indicated by the varying circle sizes 
in Figure 1; all 9 regions act to some extent as sources. 
Specifically, migration rates between temperate regions 
>0 indicate that 1 temperate region could seed epidemics 
in other temperate regions. Therefore, these results sup-
port a model for the global persistence of HPAI (H5N1)  
virus (9,12). 

In detail, this network contains 4 notable features (Fig-
ure 1; Table 2). First, Siberia is the most active node; the im-
migration rate is the second highest, and the emigration rate 
is the highest. High rates of migration are found for Siberia 
to South Korea and Japan, western and central Asia, and Eu-
rope. Second, for central and western Asia, the immigration 
rate is very high; the 3 major sources are Africa, Siberia, and 
Europe. Third, for Southeast Asia and Africa, immigration 
rates are relatively low (0.25 and 0.26, respectively), and for 
Africa and China, immigration rates are lower than emigra-
tion rates. Fourth, for South Korea and Japan, immigration 
and emigration rates are high. Pairwise immigration and emi-
gration rates are given in online Technical Appendix Table 1.
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Table	2.	Means	and	95%	credible	intervals	of	the	total	immigration	and	emigration	rates	for	highly	pathogenic	avian	influenza A(H5N1)	
viruses across resampled replicates and trunk proportion of each region, 1996–2012* 

Region 
Mean	(95%	credible	interval) 

Immigration Emigration Trunk proportion 
Europe 1.24	(0.61–2.25) 0.89	(0.49–1.58) 0.01 (0.00–0.05) 
Hong	Kong 0.65	(0.34–1.13) 0.67	(0.41–1.05) 0.06	(0.04–0.12) 
Africa 0.26 (0.18–0.38) 0.98 (0.62–1.45) 0.25	(0.23–0.29) 
China 0.46	(0.25–0.81) 0.69 (0.41–1.08) 0.24	(0.17–0.31) 
Central	and	western	Asia 1.95	(1.18–2.95) 0.71	(0.40–1.24) 0.01 (0.00–0.03) 
Southern Asia 0.40	(0.28–0.60) 0.56	(0.32–0.93) 0.02 (0.00–0.10) 
Southeast Asia 0.25	(0.16–0.38) 0.37	(0.23–0.56) 0.38	(0.35–0.41) 
South	Korea	and	Japan 1.05	(0.52–2.72) 1.03	(0.36–2.60) 0.00 (0.00–0.02) 
Siberia 1.45	(0.57–3.35) 1.81	(0.84–4.05) 0.04	(0.00–0.11) 
*Migration rates are given in migration events per lineage per year. 

 

Figure 1. Global migration patterns of highly pathogenic avian influenza A(H5N1) viruses estimated from sequence data sampled during 
1996–2012. Arrows represent direction of movement, and arrow width is proportional to the migration rate. Migration rates <0.07 migration 
events per lineage per year are not shown. The area of each circle is proportional to the region’s eigenvector centrality; larger circles 
indicate crucial nodes in the migration network.
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Genealogical History and Persistence of  
HPAI (H5N1) Viruses

We next inferred the genealogical history of the 
HPAI (H5N1) virus population. As described in previous 
studies, a human influenza virus tree can be characterized 
by a long trunk and short side branches (9,30). In brief, 
the trunk of a genealogical tree is composed of progeni-
tor strains whose mutations are maintained (9). There-
fore, strains located along the trunk account for a greater 
amount of virus evolution and genetic variation than do 
the strains on the side branches.

Consistent with our findings described above, the re-
constructed genealogical history supports a global migration 

model because several lineages consist of virus strains from 
different geographic regions (e.g., g1–g4 in Figure 2). How-
ever, after viruses of these lineages emerge, they spread to 
other geographic regions, and generally these viruses per-
sist over years through migration (e.g., g2–g4 in Figure 2). 
Therefore, the genealogy of HPAI (H5N1) viruses also sup-
ports a model of global persistence.

In contrast with human influenza A/H3N2 virus phy-
logenies, the HPAI (H5N1) influenza virus tree shows sev-
eral long side branches (Figure 2), which supports a model 
of local persistence (lp) (9,30,31). These viruses on the side 
branches reside in Southeast Asia (lp3.1 to lp3.3), Africa 
(lp1.1 and lp1.2), and southern Asia (lp2). Of particular 
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Figure 2. Estimated genealogy 
of 3,365 highly pathogenic 
avian influenza A(H5N1) viruses 
sampled during 1996–2012. The 
maximum a posteriori tree was 
estimated by using Migrate version 
3.3.0 (21,22). Each tip represents 
a virus sequence. Colors indicate 
the sampling region, either actual 
(tips) or estimated (branches).
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note, these lineages can persist over extended periods. For 
example, a lineage from Southeast Asia persisted from 
around 2002 to 2012 (lp3.3). Local persistence of HPAI 
(H5N1) virus has led to the co-circulation of different lin-
eages in Southeast Asia during 2002–2010.

Trunk Proportion for Different Regions
Using a structured coalescent approach, we calculated 

the proportion of the trunk assigned to each geographic re-
gion (Table 2). Generally, a higher trunk proportion im-
plies that the corresponding region accounts for more virus 
variation and evolution and that that region is more likely 
to be the source of the virus. In contrast, despite previous 
evidence that China was the region containing the influenza 
source population for HPAI (H5N1) viruses (13–18), only 
24% (95% CI 17%–31%) of the trunk of the genealogi-
cal tree is assigned to China. Instead, Southeast Asia oc-
cupies the largest proportion of the trunk, 38% (95% CI 
35%–41%), and the contribution of Africa to the trunk is 
25% (95% CI 23%–29%). Although Hong Kong has a ro-
bust surveillance and reporting system for cases of HPAI 
virus infection, it accounts for a comparatively low level 
of the trunk of the influenza A(H5N1) virus genealogy, 6% 
(95% CI 4%–12%).

Further analysis of the trunk proportion reveals a dy-
namic change of regions over time (Figure 3), suggesting 
that the contribution of each geographic region to virus 
variation and evolution changes annually. Before 2004, 
China was the source for most of the evolution and varia-
tion of HPAI (H5N1) viruses. After 2001, however, South-
east Asia began to act as another primary source for novel 
strains. Since 2004, viruses on the trunk have resided less in 
China and more in Southeast Asian and African countries.

Genetic Diversity of HPAI (H5N1) Viruses from  
Different Regions

Because only regions with higher genetic diversity are 
most likely to be the virus source, we calculated the genetic 

diversity of 5 geographic regions by using sequences from 
2006 through 2011 for which month of isolation was known. 
In this analysis, Europe and Siberia were combined because 
FST = 0, indicating a lack of genetic isolation between them 
(24). Although Africa, Southeast Asia, and China show in-
fluenza seasonality to different degrees, genetic diversities 
of HPAI (H5N1) viruses from these 3 regions are higher 
than those of the remaining regions throughout the year 
(Figure 4). Specifically, virus genetic diversity is highest in 
Africa and second highest in Southeast Asia; both regions 
maintain a relatively high level of diversity throughout the 
year. Furthermore, virus genetic diversity in Africa shows 
a clear seasonal pattern of change; peaks occur during the 
Northern Hemisphere winter. Activity of HPAI (H5N1) vi-
rus in Southeast Asia and China typically, but not always, 
peaks during the Northern Hemisphere winter (Figure 4).

Discussion
Our large-scale genetic analysis of HPAI (H5N1) vi-

ruses supports a global persistence model in which each 
region acts to some extent as a source. Siberia seems to 
play a vital role in this migration network, connecting Eu-
rope, central and western Asia, and South Korea and Japan. 
This finding is consistent with the fact that multiple bird 
migration flyways intersect in Siberia; the region is also 
one of the most commonly used breeding sites and in sum-
mer contains a high number of wild birds (19).

Although it has not been widely acknowledged that mi-
gratory birds act as vectors for the spread of HPAI (H5N1) 
viruses in Eurasia and Africa (32–34), it is intriguing that 
the migration network described here approximates the ma-
jor flyways of migratory birds. This finding coincides with 
evidence obtained by comparing the spatiotemporal char-
acteristics of wild bird migration and influenza A(H5N1)
virus  outbreaks, especially along the central Asia flyway 
(19,35–37).

Southern China has been regarded as the source of 
HPAI (H5N1) viruses (13–18). However, our results show 
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Figure 3. Temporal changes in geographic regions along the trunk of the highly pathogenic avian influenza A(H5N1) virus genealogical tree.
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that China is not the only source, although our data support 
the view that China was the major center for the evolution 
and variation of HPAI (H5N1) virus before 2004. The data 
also indicate that the tropics (Southeast Asia and Africa) 
have been the major sources since 2004. The role of these 
regions as genetic reservoirs for subtype H5N1 viruses is un-
derscored by the higher genetic diversities of viruses in these 
regions compared with those of other regions. Therefore, in-
creased sampling from Southeast Asia and Africa is vital for 
understanding the global dynamics of HPAI (H5N1) viruses.

With regard to emergence of novel virus variants, our 
results also support a source–sink model for HPAI (H5N1) 
virus, as described for human influenza A virus subtypes 
H1N1 and H3N2 (7), in which the tropics are the source re-
gions and the Northern and Southern Hemispheres are the 
sink regions. This finding is not inconsistent with the global 
migration pattern of HPAI (H5N1) virus because China, as 
referred to here, is largely represented by tropical/subtropi-
cal southern China (13–16). In addition, most (93%) of the 
trunk of the genealogical tree is in the tropics and China 
(including Hong Kong), and the remaining regions, such 
as Siberia, play major roles in migration and genetic reas-
sortment and are less responsible for emergence of variants 
with novel hemagglutinin proteins.

The relative genetic diversities of the viruses in Africa, 
Southeast Asia, and China change regularly over time, but 
peaks do not always appear concurrently among regions. 
Generally, peaks of influenza virus activity in Africa ap-
pear in winter, whereas those of Southeast Asia and China 
sometimes appear in other seasons. This finding can poten-
tially be explained by the fact that influenza A(H5N1) virus 
has become endemic to Southeast Asia and China, where 
>70% of domestic ducks are raised. Domestic ducks can 
asymptomatically shed high titers of subtype H5N1 virus 
for several days (38).

The influenza A(H5N1) virus genealogical tree no-
tably contains long side branches; some lineages (mostly 
comprising hemagglutinin sequences from Southeast Asia, 
Africa, and southern Asia) persist for years. These phylog-
enies support a model of local persistence of HPAI (H5N1) 
viruses. Specially, local persistence has led to co-circula-
tion of multiple lineages and is likely to confound efforts 
to control the spread and selection of HPAI (H5N1) virus 
vaccine candidates. However, these patterns contrast with 
those described for seasonal human influenza A(H3N2) vi-
rus, for which global persistence plays a much larger role 
in the migration network (9,12).

Likewise, for human influenza A viruses, mutations on 
side branches have limited effects with regard to produc-
ing antigenically novel variants. This limitation is because 
mutations on side branches experience genetic bottlenecks 
and are quickly lost, such as at the end of peak influenza 
season (9,30). For HPAI (H5N1) viruses, however, muta-
tions on side branches can have influential effects, because 
these mutations will be maintained for years because of lo-
cal and/or global virus persistence.

The main study results were obtained by using the 
sampling year of the sequences. To evaluate effects of this 
potential bias on our results, we repeated the analyses by 
using a subsample of our dataset with sequences for which 
year and month of collection were known. Results from 
this subsample are broadly consistent with those from the 
whole dataset. Therefore, use of only the sampling year 
plays a limited role in the results. Detailed information 
about this subsample and the results of our additional anal-
yses are provided in the online Technical Appendix Figures 
2–5 and Tables 3 and 5–8.

In conclusion, we characterized the major features of 
the HPAI (H5N1) virus migration network and found evi-
dence to support global and local persistence of this virus. 
We also drew attention to the role of Southeast Asia and 
Africa as genetic reservoirs in the origins of genetically 
and antigenically novel influenza A(H5N1) virus variants, 
which has, to our knowledge, been previously underesti-
mated. Our results call for reassessment of the role of each 
geographic region in the migration network and in the 
genetic source of HPAI (H5N1) viruses and suggest that 
region-specific surveillance policies and vaccine candidate 
selection strategies should be considered.
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To investigate human exposure to live poultry and 
changes in risk perception and behavior after the April 
2013 influenza A(H7N9) outbreak in China, we surveyed 
2,504 urban residents in 5 cities and 1,227 rural residents 
in 4 provinces and found that perceived risk for influenza 
A(H7N9) was low. The highest rate of exposure to live poul-
try was reported in Guangzhou, where 47% of those sur-
veyed reported visiting a live poultry market >1 times in the 
previous year. Most (77%) urban respondents reported that 
they visited live markets less often after influenza A(H7N9) 
cases were first identified in China in March 2013, but only 
30% supported permanent closure of the markets to control 
the epidemic. In rural areas, 48% of respondents reported 
that they raised backyard poultry. Exposure to live commer-
cial and private poultry is common in urban and rural China 
and remains a potential risk factor for human infection with 
novel influenza viruses.

The novel influenza A(H7N9) virus was identified in 
early 2013; as of March 31, 2014, a total of 404 lab-

oratory-confirmed cases of human infection had been re-
ported. These cases included 394 in mainland China, 2 in 
Taiwan, 7 in Hong Kong, and 1 in Malaysia (1,2). Only 
2 laboratory-confirmed cases were identified in the sum-
mer months (June–September 2013), but beginning in early 
October 2013, the virus reemerged and caused many new 
human infections (3,4).

Previously published studies have reported that most 
human infections appear to have occurred as a result of 
exposure to live poultry, particularly through visits to live 
poultry markets (LPMs) in urban areas (3,5–8). No pub-
lished reports have detailed population exposure to live 
poultry and LPMs in influenza A(H7N9) virus–affected 
areas in China, and few data on live poultry exposure have 
been previously reported in areas in which the virus has not 
been detected (4,9,10). In addition, little information has 
been reported on how the population of China responded 
to the outbreak and the control measures that were imple-
mented. To clarify responses to the influenza A(H7N9) 
outbreak in China, we investigated patterns in human ex-
posure to live poultry in LPMs and at home, examined risk 
perception and behavioral responses in the population, and 
compared these parameters between urban and rural areas 
in China that were affected or unaffected by the virus.

Methods

Study Design
We collected information on human exposure to poul-

try, risk perception and psychological responses to the 
outbreak, preventive behaviors, and attitudes toward con-
trol measures, including closure of LPMs. We used 2 ap-
proaches to collect these data. In urban areas, we conducted 
telephone surveys because access to mobile telephones is 
high, making the approach feasible. In rural areas, where 
telephone accessibility is lower, we conducted door-to-
door surveys.

We selected 5 large cities for our study to represent di-
verse levels of socioeconomic development and geograph-
ic location: Chengdu, Guangzhou, Shanghai, Shenyang, 
and Wuhan (Figure 1). Before our study, no laboratory- 
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confirmed human cases of influenza A(H7N9) had been 
reported in these cities except Shanghai; 1 environmental 
sample had tested positive for the virus in Guangzhou (11). 
In each city, we aimed to interview >500 adult residents (>18 
years of age) who had been living there for >1 year. The tele-
phone surveys were conducted by using a computer-assisted 
interviewing system, which enabled random generation of 
mobile telephone numbers and systematic data collection 
across each city. On each call, after the study was explained 
and verbal consent obtained, the respondent would be re-
cruited into the study and asked to complete the survey. If a 
respondent were busy, a call would be made later, when the 
respondent was available to finish the questionnaire. Unan-
swered numbers were given 4 follow-up calls, made at dif-
ferent hours and on different days of the week, before being 
classified as invalid. The online Technical Appendix shows 
the survey used in English and Chinese (http://wwwnc.cdc.
gov/EID/article/20/8/13-1821-Techapp1.pdf).

Although we had planned to use the same telephone 
survey approach in rural areas, a pilot study revealed it was 
not feasible because the survey would occur during the 
busy farming season, when residents would not be readily 
available by telephone. Instead, in rural areas we conducted 
door-to-door surveys. In mainland China, some cities/coun-
ties that are administrated as rural regions actually include 

semiurban areas, such as towns in a county, and rural areas, 
such as villages in a town/county. The living conditions 
and lifestyle of residents in semiurban areas are similar to 
those of urban residents, whereas residents in rural areas 
live in a different environment, with low population den-
sity and a more self-sustainable life, mainly dependent on 
farming. We used convenience sampling to choose 4 coun-
ties from rural rather than semiurban areas. Rural sites were 
selected on the basis of the level of economic development 
(measured by gross domestic product per capita) and the 
overall incidence of infectious diseases in 2012. Given the 
tiers of administration levels in mainland China, including 
province, city, county, town, and village, we selected a city 
from each of the 4 provinces with mid-level gross domestic 
product per capita compared with other cities in the prov-
ince and with an incidence of notifiable infectious diseases 
above the provincial average. Within each province, we 
then selected a rural county from each of the 4 cities areas. 
As a result, we chose Dawa County (Panjin city, Liaoning 
Province), Zijin County (Heyuan city, Guangdong Prov-
ince), Nanzhang County (Xiangfan city, Hubei Province), 
and Pengxi County (Suining city, Sichuan Province) for the 
study (Figure 1). At time of the survey, none of these coun-
ties had laboratory-confirmed human infections with avian 
influenza A(H7N9) virus. 
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Figure 1. Geographic distribution of 
urban locations (red stars) and rural 
locations (blue triangles) selected 
for population survey to determine 
human exposure to live poultry 
and attitudes and behavior toward 
influenza A(H7N9) in China, 2013. 
Black dots indicate geographic 
locations of laboratory-confirmed 
cases of H7N9 through October 31, 
2013. Shading indicates population 
density (persons per square 
kilometer). The 5 selected urban 
locations were Chengdu, capital of 
Sichuan Province in western China, 
population 10 million; Guangzhou, 
capital of Guangdong Province 
in southern China, population 13 
million; Shanghai, a municipality in 
eastern China, population 23 million; 
Shenyang, capital of Liaoning 
Province in northeastern China, 
population 8 million; and Wuhan, 
capital of Hubei Province in central 
China, population 10 million. The 
4 rural areas were Dawa County 
(Panjin city, Liaoning Province), Zijin 
County (Heyuan city, Guangdong 
Province), Nanzhang County 
(Xiangfan city, Hubei Province), 
and Pengxi County (Suining city, 
Sichuan Province).
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After the initial selections, all towns within a county 
were stratified into high, middle, and low levels of socioeco-
nomic status on the basis of census data (12–15), and 1 town 
was selected at random within each strata. Then, 2 villages 
were selected at random within each town, a convenience 
sample of 50 households was recruited in each village, and 1 
adult in each household (>18 years of age and resident in the 
village for >1 year) was interviewed. To improve coopera-
tion, each rural interviewee received a small gift worth ≈10 
Chinese renminbi (6.1 renminbi = $1 US), such as a towel 
or a bottle of shampoo, after the survey was completed. All 
selected participants in the rural areas consented to be inter-
viewed during the survey. The time taken to complete the 
survey was 16 minutes on average for each participant.

The urban surveys were conducted in May and June 
2013 and the rural surveys in July and August 2013. Ethical 
approval was obtained from the Institutional Review Board 
of the Chinese Center for Disease Control and Prevention 
before the survey was conducted.

Survey Instrument
All surveys in urban and rural areas were conducted 

by using the same questionnaire, which was based on an 
instrument used during the outbreaks of severe acute re-
spiratory syndrome (SARS) in 2003 (16,17) and influenza 
A(H1N1)pdm09 in 2009 (18). The survey instrument was 
pretested for face and content validity, length, and com-
prehensibility. Most answers were ranked on ordinal Likert 
scales. We used the State Trait Anxiety Inventory to mea-
sure the general level of anxiety in the population (16–18). 

We investigated exposure to live poultry in backyards 
and in LPMs, which are defined as markets where the pub-
lic can buy live chickens, ducks, pigeons, and other birds. 
Because LPMs are rare in rural areas and rural residents 
seldom visit LPMs, we did not ask rural respondents about 
exposures to live poultry in LPMs, only about backyard 
poultry exposure. In urban areas, we asked respondents 
about frequency of visits to LPMs and behaviors in LPMs 
(i.e., frequency of purchases, practice of picking up birds 
before purchasing, location where purchased live poultry 
were slaughtered). We asked all respondents about percep-
tion of risk for influenza A(H7N9) infection and perceived 
severity of such an infection, preventive practices in gen-
eral and specifically in response to influenza A(H7N9), and 
attitudes toward influenza A(H7N9) and closure of LPMs. 

Statistical Analysis
Statistical analyses were conducted in R version 2.13.0 

(R Foundation for Statistical Computing, Vienna, Austria). 
We performed descriptive analyses of responses in each 
location and compared responses between urban areas 
with and without laboratory-confirmed cases of influenza 
A(H7N9) by using χ2 tests. For the subset of respondents 

who reported purchasing live poultry in LPMs during the 
previous year, we used a multivariate logistic regression 
model to estimate the associations of age, sex, educational 
level, and geographic location with attitudes toward clo-
sure of LPMs and changes in habits of buying live poultry 
after public health authorities announced the first human 
influenza A(H7N9) case on March 31, 2013 (19).The sam-
ple size of 500 respondents in each city and 300 respon-
dents in each rural county was chosen to ensure precision 
of answers to within ±4% and ±6%, respectively, and to 
ensure reasonable statistical power to identify differences 
in responses of 5%–10% or more between locations.
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Figure 2. Flow charts for recruitment of participants for telephone 
surveys and face-to-face interviews to determine human exposure 
to live poultry and attitudes and behavior toward influenza A(H7N9) 
in China, 2013. A) Flowchart for telephone surveys conducted in 5 
urban areas: Chengdu (capital of Sichuan Province), Guangzhou 
(capital of Guangdong Province), Shanghai municipality, Shenyang 
(capital of Liaoning Province), and Wuhan (capital of Hubei 
Province). B) Flowchart for face-to-face interviews conducted in 
3 rural areas: Dawa county (Panjin city, Liaoning Province), Zijin 
county (Heyuan city, Guangdong Province), Nanzhang county 
(Xiangfan city, Hubei Province), and Pengxi county (Suining city, 
Sichuan Province). CATI, computer-assisted telephone interview; 
SES, socioeconomic status.
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Results
In the 5 urban areas, 81,266 unique telephone numbers 

were dialed, and the overall response rate was 8% (num-
ber of participants [2,504] divided by number of calls with 
eligible respondents [29,919]) (Figure 2, panel A). The se-
lection of 1,227 participants in 4 rural sites is illustrated in 
Figure 2, panel B. The surveys were conducted from May 
23 through August 24. During this period, the influenza 
A(H7N9) epidemic had passed its peak, and few cases oc-
curred. Guangdong Province notified its first human influ-
enza A(H7N9) case on August 9, after the completion of 
the survey in Guangzhou on June 26.

Respondents in urban areas tended to have white-collar 
jobs or were unemployed, were younger, had more educa-
tion and higher income, and were less likely to be married 
than those in rural areas (Table 1). However, because the 
surveys were conducted in different forms in urban versus 
rural areas and the general characteristics of participants 
were different, including the risk for becoming infected 
with influenza A(H7N9) virus and the types of potential 
exposure to avian influenza viruses, we did not make any 
further direct quantitative comparisons between urban and 

rural respondents. For comparisons among urban areas, 
respondents were generally similar, but reported incomes 
were higher for Shanghai and Guangzhou than for the other 
3 cities (data not shown).

We assessed exposures to live poultry and visits to 
LPMs in the 5 cities. In total, 33% of respondents reported 
visiting LPMs during the preceding year, the highest pro-
portion in Guangzhou; notable differences were found be-
tween cities (Table 2). By imputing midpoints of report-
ed purchasing rates, we estimated that the mean number 
of live poultry purchased per year varied between cities: 
6.8 for Shenyang, 19 for Shanghai, 20 for Wuhan, 28 for 
Chengdu, and 47 for Guangzhou. Age-specific patterns in 
exposure to live poultry were generally similar for men and 
women within each city, with some exceptions. In Guang-
zhou, women 35–54 years of age purchased poultry in 
LPMs much more frequently than did men of the same age, 
but the reverse was true for those >65 years of age (Fig-
ure 3). We found no evidence of a substantial difference in 
poultry exposures by sex in Shanghai (Figure 3). 

We further analyzed  exposures in LPMs among urban 
residents on the basis of responses from the 829 (33%) of 
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Table 1.Sociodemographic characteristics of participants recruited for urban and rural surveys of influenza	A(H7N9)	awareness, 
China,	2013* 

Characteristic 
No.	(%)	persons 

Urban,	n	=	2,504 Rural, n	=	1,227 
Male sex 1,288	(51.4) 626	(51.0) 
Age group, y   
 18–44 1,938	(77.5) 685	(55.8) 
 45–64 415	(16.6) 405	(33.0) 
 >65 147	(5.9) 137	(11.2) 
Educational attainment   
 No formal education 38	(1.5) 86	(7.0) 
 Primary	school 191	(7.6) 259	(21.1) 
 Middle school 391	(15.6) 464	(37.9) 
 High	school 593	(23.7) 268 (21.9) 
 College	and	above 1,291	(51.6) 148	(12.1) 
Occupation   
 Service workers and shop sales workers 601	(24.0) 164	(13.4) 
 Professionals 504	(20.1) 66	(5.4) 
 Retired 293	(11.7) 61 (5.0) 
 Unemployed 678	(27.1) 195	(15.9) 
 Full-time students 232	(9.3) 111 (9.0) 
 Homemakers 96	(3.8) 86	(7.0) 
 Agricultural and fishery workers 100	(4.0) 544	(44.3) 
Marital status   
 Single 941	(38.1) 269 (22.0) 
 Married 1,458	(59.0) 923	(75.4) 
 Divorced/separated 35	(1.4) 12 (1.0) 
 Widowed 36	(1.5) 20 (1.6) 
Average household income, in renminbi*   
 No income 65	(3.0) 83	(6.8) 
 <3,000 368	(17.0) 748	(61.2) 
 3,001–6,000 627	(28.9) 264	(21.6) 
 6,001–10,000 408	(18.8) 80	(6.5) 
 10,001–50,000 396	(18.2) 28	(2.3) 
 Not sure 307	(14.1) 20 (1.6) 
Recent history of travel away from home   
 Yes 479	(19.1) 117	(9.6) 
*6.1	Chinese	renminbi	= $1 US. 
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2,504 participants who visited LPMs >1 time in the preced-
ing year. Overall, 69% of these respondents reported that 
they always visited the nearest LPM; median distance from 
home to the nearest LPM was 1 km. Most respondents re-
ported that they “usually” or “always” picked up poultry 
for examination before deciding to buy, with the highest 
proportion in Chengdu and lowest in Shenyang; 87% of re-
spondents always arranged for slaughter of purchased poul-
try in the LPM, with no notable differences between cities.

During the study period, the general anxiety level 
among urban respondents (measured by the State Trait 
Anxiety Inventory) was low to moderate, but levels varied 
substantially between cities; the lowest mean scores were 
seen in Wuhan and Shenyang (Table 3). Perceived risk for 
influenza A(H7N9) in the following month (absolute sus-
ceptibility) and relative to others (relative susceptibility) 

were generally low in all cities, but highest in Shanghai. 
Respondents in Shanghai and Guangzhou were more likely 
to respond that they would be more worried than usual if 
they experienced an influenza-like illness (ILI). Twelve 
percent of respondents reported that they had worried about 
becoming ill with influenza A(H7N9) during the previous 
week; levels varied among cities, with a greater frequency 
of worry in Shanghai and Guangzhou (Table 3). Respon-
dents in Shenyang reported the highest perceived severity 
of influenza A(H7N9) compared with seasonal influenza 
and avian influenza A(H5N1); respondents in Guang-
zhou reported the highest perceived severity of influenza 
A(H7N9) compared with that of SARS (Table 3).

In rural areas, as in urban areas, the mean State Trait 
Anxiety Inventory was low to moderate (Table 4). A total 
of 48% of respondents reported that they raised >1 type of 
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Table	2.	Exposure	to	live	poultry	and	attitudes	toward	closure	of	LPMs	among	participants	recruited	in	urban	areas	for	surveys related 
to	influenza	A(H7N9)	awareness,	by	area,	China,	2013* 

Exposure 

No.	(%)	persons 

p value 
Chengdu,	
n	=	500 

Guangzhou, 
n =	500 

Shanghai,  
n	=	500 

Shenyang, 
n	=	504 

Wuhan,  
n	=	500 

Frequency	of	LPM	visits	in	the	previous	year      <0.001 
 >1 183	(36.6) 237	(47.4) 161	(32.2) 97	(19.2) 151	(30.2)  
No. live poultry bought in the previous year†      <0.001 
    1–2/y 33	(18.0) 32	(13.5) 25	(15.5) 35	(36.1) 25	(16.6)  
 3–5/y 31	(16.9) 27	(11.4) 30	(18.6) 23	(23.7) 28	(18.5)  
 6–11/y 27	(14.8) 25	(10.5) 23	(14.3) 4	(4.1) 23	(15.2)  
 1–3/mo 33	(18.0) 56	(23.6) 32	(19.9) 10	(10.3) 29 (19.2)  
 1–2/wk 19	(10.4) 49	(20.7) 20 (12.4) 2 (2.1) 19 (12.6)  
 3–5/wk 2 (1.1) 8	(3.4) 2 (1.2) 0 2	(1.3)  
 Almost every day 2 (1.1) 4	(1.7) 2 (1.2) 0 2	(1.3)  
 Almost none 36	(19.7) 36	(15.2) 27	(16.8) 23	(23.7) 23	(15.2)  
Pick	up	live	poultry	before	buying‡      <0.001 
 Yes 120 (81.6) 136	(67.7) 94	(69.6) 38	(51.4) 97	(75.8)  
Where did you slaughter the live poultry?§      0.601 
 In	LPM 123	(83.7) 175	(87.1) 119 (88.1) 66 (89.2) 113	(88.3)  
 In household 22	(15.0) 23	(11.4) 15	(11.1) 6 (8.1) 13	(10.2)  
 Other places 2	(1.4) 3	(1.5) 1	(0.7) 2	(2.7) 2 (1.6)  
Not	buying	or	buying	less	since	March	2013¶      <0.001 
 Yes 101	(68.7) 139	(69.2) 123	(91.1) 59	(79.7) 104	(81.3)  
Views	toward	closure	of	LPMs#      0.06 
 Agree 37	(25.2) 54	(26.9) 53	(39.3) 25	(33.8) 35	(27.3)  
Closure	caused any inconvenience**       
 More inconvenient NA NA 45	(31.5) NA NA  
Distance	of	nearest	LPM	from	home,	km      <0.001 
 <0.50 12	(13.3) 39	(31.0) 21 (18.9) 5	(13.5) 6	(15.0)  
 0.51–1.00 23	(25.6) 42	(33.3) 32	(28.8) 4	(10.8) 10	(25.0)  
 1.01–2.00 16	(17.8) 20	(15.9) 16	(14.4) 6 (16.2) 7	(17.5)  
 >2.00 39	(43.3) 25	(19.8) 42	(37.8) 22	(59.5) 17	(42.5)  
Backyard poultry exposure 73	(14.6) 76	(15.2) 34	(6.8) 37	(7.3) 54	(10.8) <0.001 
*LPM,	live	poultry	market;	NA,	not	applicable. 
†Respondents who bought live poultry ≥1/year were further asked about the number of live poultry bought in the previous year, picking up poultry or not 
before buying, locations where poultry was slaughtered, and changes in poultry purchase behavior since influenza	A(H7N9)	outbreak.	 
‡Respondents who answered always/usually to the question “Did you pick up poultry for examination before deciding to buy it?” were categorized as 
“Yes.”  
§Respondents who stated that they always/usually have live poultry slaughtered in LPMs were categorized as “In LPM,” whereas  those who answered 
always/usually in household were categorized as “in household.”  
¶Respondents who answered not buying since then/still buying but less than before to the question “Has your habit of buying live poultry changed since 
H7N9 was identified in China in March 2013?” were categorized as “Yes.”  
#Respondents who answered strongly agree/agree to the question “Would you agree to permanent closure of live poultry markets in order to control avian 
influenza epidemics?” were categorized as “Agree.” 
**Respondents who reported that market closure caused great/some inconvenience were categorized as “More inconvenient.” This question was only 
asked of respondents in Shanghai because Shanghai was the only area	where	LPMs	were	closed	at	the	time	of	the	survey. 

 



Human Exposure to Live Poultry and Responses to Influenza

poultry at home. Overall, 47% reported raising chickens, 
15% raised ducks, and 8% raised geese; these proportions 
varied between counties (Table 4). In rural areas, levels of 
perceived absolute and relative susceptibility and concern 
about ILI or confirmed influenza A(H7N9) infection were 
generally low; some differences were seen between the 4 
rural areas. Respondents in Nanzhang and Zijin were more 
likely to respond that they would be more worried than usu-
al if they had an ILI; 24% of respondents in Zijin reported 
that they had worried about becoming ill with influenza 
A(H7N9) in the previous week, and the average level of 
worry in Zijin was higher than that for other counties (Ta-
ble 4). Most respondents in each area perceived influenza 
A(H7N9) to be more severe than seasonal influenza but less 
severe than influenza A(H5N1) and SARS. 

Among respondents in urban areas who visited LPMs 
>1 time in the preceding year, 77% reported that they had 
stopped buying or bought lower amounts of live poultry 
since March 2013; this proportion was highest (91%) for 
Shanghai (Table 2). We examined factors affecting the 
likelihood of changing habits of buying live poultry and 
found greater changes among women, those with higher 
educational attainment, and those residing in Shanghai and 
Wuhan rather than in Chengdu. We found no statistically 
significant differences by age group (Table 5). 

On average, across the 5 cities, 30% of respondents re-
ported that they would support the closure of LPMs to con-
trol the epidemic; the proportion in support of closures was 

highest in Shanghai (39%) and lowest in Guangzhou (27%) 
and Chengdu (25%) (Table 2). We examined factors affect-
ing the likelihood of supporting the closure of LPMs and 
found greater support among persons 55–64 years of age 
(odds ratio [OR] 3.28, 95% CI 1.71–6.29) and >65 years of 
age (OR 2.36, 95% CI 1.04–5.32). We also found greater 
support for closure of LPMs in Shanghai (OR 1.77, 95% 
CI 1.05–2.99) than in Chengdu but no significant differ-
ences by sex or educational attainment (Table 5). However, 
32% of respondents in Shanghai reported that the closure of 
LPMs had caused them inconvenience.

Discussion
We have reported empirical information on human 

exposures to live poultry, perception of risk for influenza 
A(H7N9), and behavioral responses to the 2013 influenza 
A(H7N9) outbreak in China. We found that exposure to 
LPMs in urban areas is common: 20%–50% of urban resi-
dents report >1 visit to an LPM in the preceding year (Ta-
ble 2). Most respondents who purchased poultry in LPMs 
reported close contact with live poultry before slaughter. 
It is likely that the number of laboratory-confirmed cases 
of influenza A(H7N9) virus infection is lower than the ac-
tual number of human infections to date (8), and our results 
show that a broad cross-section of urban residents could be 
exposed to influenza A(H7N9) virus if it were prevalent 
among poultry in LPMs. In the spring 2013 outbreak, some 
evidence pointed to high prevalence of influenza A(H7N9) 
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Figure 3. Age- and sex-specific patterns 
in exposures to live poultry markets 
in 5 urban areas of China, 2013. A) 
Chengdu; B) Guangzhou; C) Shanghai; 
D) Shenyang; E) Wuhan.
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virus in certain LPMs (6), whereas official surveillance 
data from the Ministry of Agriculture identified the virus 
in only a small proportion of samples collected from across 
the country (of 4,488 samples tested, 0.9% were positive 
for the virus) (11). The absolute risk for human infection 
after close contact with poultry infected with the influenza 
A(H7N9) virus remains unclear.

We found that men in the 55–64-year age group had 
more exposures to live poultry than women in that age 
group, but no difference by sex among the small number 
of respondents ≥65 years of age in Shanghai (Figure 3). 
We had previously hypothesized that exposure to poultry in 
LPMs might be higher for older men than for older women 
(3). Our findings suggest that the higher risk for laboratory-
confirmed influenza A(H7N9) virus infection among men 
during the spring 2013 outbreak in the Yangtze River Delta 
might not be explained by sex differences in exposure but 
rather by increased susceptibility to serious disease after 
infection among men (e.g., because of greater prevalence 
of co-existing conditions) or by increased access to health 
care and laboratory testing for men. However, our sample 

size was relatively small, particularly for respondents >65 
years of age. As in a previous report of live poultry expo-
sures in the southern China cities of Guangzhou in 2006 
and Shenzhen in 2007 (9), we did not identify major dif-
ferences in exposures among middle-aged adults com-
pared with exposures among the elderly. However, most 
laboratory-confirmed influenza A(H7N9) cases have been 
in persons >60 years of age (3), consistent with our hypoth-
esis that exposures in middle-aged adults may have led to 
milder disease that was less likely to result in laboratory 
testing (3,9).

A minority of respondents reported willingness to 
accept LPM closures in the event of future outbreaks of 
influenza A(H7N9). During the winter 2013–14 influenza 
season, in some areas where human cases of influenza 
A(H7N9) had been reported, local governments imple-
mented short-term LPM closures; other administrations, 
including that of Shanghai, closed LPMs for longer peri-
ods. However, such interventions can have serious eco-
nomic consequences. Given the lack of public support for 
LPM closure and the related economic concerns, whether 
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Table	3.Risk	perception	related	to	influenza	A(H7N9)	among participants recruited for surveys in	urban	areas,	by	area,	China,	2013* 

Characteristic 
Chengdu,	 
n	=	500 

Guangzhou,  
n	=	500 

Shanghai,  
n = 500 

Shenyang,  
n	=	504 

Wuhan,  
n	=	500 p value 

Mean	STAI	scores		(95% CI) 1.89	(1.85–
1.94) 

1.80	(1.75–
1.84) 

1.82	(1.78–
1.86) 

1.73	(1.69–
1.77) 

1.74	(1.71–
1.78) 

<0.001† 

Self-perceived	susceptibility	to	influenza	A(H7N9)‡     <0.001 
 High 13	(2.6) 9 (1.8) 14 (2.8) 1 (0.2) 5	(1.0)  
 Even 61 (12.2) 98 (19.6) 61 (12.2) 54	(10.7) 90 (18.0)  
 Low 426	(85.2) 393	(78.6) 425	(85.0) 449	(89.1) 405	(81.0)  
Perceived	susceptibility	to	influenza	A(H7N9)	compared	with	others§    0.431 
 High 5	(1.0) 5	(1.0) 9 (1.8) 4	(0.8) 7	(1.4)  
 Even 40	(8.0) 52	(10.4) 39	(7.8) 32	(6.3) 50	(10.0)  
 Low 455	(91.0) 443	(88.6) 452	(90.4) 468	(92.9) 443	(88.6)  
ILI symptoms induced worry¶      <0.001 
 More 105	(21.0) 151	(30.2) 140	(28.0) 113	(22.4) 107	(21.4)  
 Same as usual 197	(39.4) 198	(39.6) 192	(38.4) 165	(32.7) 233	(46.6)  
 Less 198	(39.6) 151	(30.2) 168	(33.6) 226	(44.8) 160	(32.0)  
Infection	with	influenza	A(H7N9)	in	next	week#     0.004 
 Worry 64	(12.8) 68	(13.6) 68	(13.6) 49	(9.7) 53	(10.6)  
 Think about it but no worry 77	(15.4) 57	(11.4) 104	(20.8) 92	(18.3) 78	(15.6)  
 Never think about it 359	(71.8) 375	(75.0) 328	(65.6) 363	(72.0) 369	(73.8)  
Relative	severity	of	influenza	A(H7N9)	compared	with**      
 Seasonal influenza 313	(62.6) 319	(63.8) 290	(58.0) 361	(71.6) 312	(62.4) <0.001 
 Avian influenza A(H5N1) 159	(31.8) 163	(32.6) 170	(34.0) 203	(40.3) 156	(31.2) 0.028 
 SARS 52	(10.4) 57	(11.4) 54	(10.8) 45	(8.9) 51	(10.2) 0.779 
Distance, km†† 804 383 – 601 233  
*Values	are	no.	(%)	persons	except	as	indicated.	STAI,	State Trait Anxiety Inventory; ILI, influenza-like illness; SARS, severe acute respiratory syndrome. 
†Differences	between	groups	was	examined	with	the	Kruskal	Wallis	Test	(assuming	nonhomogeneous	variances).  
‡Respondents who answered certain/very likely/likely to the question “How likely do you think it is that you will contract H7N9 avian flu over the next 1 
month?” were categorized as “High”; those who answered never/very unlikely/unlikely were categorized as “Low.”  
§Respondents who answered certain/much more /more to the question “What do you think is your chance of getting infected with H7N9	avian	flu	over	the	
next 1 month compared to other people outside your family of a similar age?” were categorized as “High”; those who answered not at all/much less/less 
were categorized as “Low.”  
¶Respondents who answered extremely concerned/concerned much more than normal/concerned more than normal to the question “If you were to 
develop ILI symptoms tomorrow, would you be…?” were categorized as “More”; those who answered not at all concerned/much less concerned than 
normal/ concerned less than normal were categorized as “Less.”  
#Respondents	who	answered	worried	about	it	all	the	time/worried	a	lot/worried	a	bit to the question “Did you worry about H7N9 in the past week?“ were 
categorized as “Worry.”  
**Respondents	who	answered	much	higher/a	little	higher	regarding	the	severity	of	influenza	A(H7N9)	compared	with	seasonal	influenza, avian influenza 
A(H5N1),	and	SARS.  
††Distance	between	the	survey	location	and	the	nearest	area	in	which	influenza	A(H7N9)	case(s)	were	reported. 
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to make additional closures should be considered carefully. 
Regular rest days (i.e., days on which live poultry are not 
sold and stalls must be disinfected and left empty of live 
birds) and bans on overnight retention of live poultry in 
markets have been successful in controlling the transmis-
sion of avian influenza viruses in LPMs in Hong Kong 
(20,21) and have been proposed in some areas of China (8).

Although almost all cases of influenza A(H7N9) 
cases have been identified in areas within or surrounding 
large cities, about half of the laboratory-confirmed avian 
influenza A(H5N1) cases in China were identified in ru-
ral residents, which indicates that avian influenza viruses 
can reach backyard poultry flocks and pose a risk to hu-
man health (3). Influenza A(H7N9) virus does not appear 
to have spread to backyard flocks at this time, however. 
Most confirmed human cases have occurred in urban ar-
eas among persons who have reported recent exposure to 

live poultry in LPMs, although a smaller number of cases 
occurred in persons who have reported recent exposure to 
backyard poultry (3). However, if the circulation of influen-
za A(H7N9) virus in backyard poultry were to increase, the 
number of potential exposures could be substantial because 
almost half of rural residents report raising backyard poul-
try. The risk for influenza A(H5N1) virus infection among 
rural residents has been reduced through better education 
about the danger of close contact with, or consumption of, 
sick or dead backyard poultry (22,23). Unfortunately, this 
approach would not be effective for controlling spread of 
influenza A(H7N9) virus because infected chickens do not 
show signs of illness.

Perception of risk for influenza A(H7N9) infection by 
respondents to our surveys was generally low, as might be 
expected given the small number of laboratory-confirmed 
cases in China. However, low perception of risk could pose 
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Table	4.	Risk	perception	related	to	influenza	A(H7N9)	and	backyard	poultry	exposure	among	participants	recruited	for	surveys	in rural 
areas,	by	area,	China,	2013* 
Characteristic Dawa,	n	=	310 Zijin,	n	=	308 Nanzhang,	n	=	308 Pengxi,	n	=	301 p value 
Mean STAI	scores	(95%	CI) 1.52	(1.47–1.57) 1.85	(1.80–1.90) 1.66 (1.62–1.70) 1.54	(1.48–1.61) <0.001† 
Self-perceived	susceptibility	to	influenza	A(H7N9)‡    <0.001 
 Higher 2 (0.6) 1	(0.3) 1	(0.3) 9	(3.0)  
 Even 29	(9.4) 41	(13.3) 21 (6.8) 31	(10.3)  
 Lower 279	(90.0) 266	(86.4) 286 (92.9) 261	(86.7)  
Perceived	susceptibility	to	influenza	A(H7N9)	compared	with	others§   <0.001 
 Higher 0 1	(0.3) 2 (0.6) 8	(2.7)  
 Even 10	(3.2) 25	(8.1) 3	(1.0) 36	(12.0)  
 Lower 300	(96.8) 282 (91.6) 303	(98.4) 257	(85.4)  
Worry induced by ILI symptoms¶     <0.001 
 More 69	(22.3) 79	(25.6) 118	(38.4) 49	(16.3)  
 Same as usual 73	(23.5) 113	(36.7) 118	(38.4) 113	(37.5)  
 Less 168	(54.2) 116	(37.7) 71	(23.1) 139	(46.2)  
Infection	with	influenza	A(H7N9)	in	next	week#    <0.001 
 Worry 32	(10.3) 75	(24.4) 71	(23.1) 51	(16.9)  
 Think about it but no worry 51	(16.5) 42	(13.7) 20	(6.5) 33	(11.0)  
 Never think about it 227	(73.2) 190 (61.9) 217	(70.5) 217	(72.1)  
Severity	of	influenza	A(H7N9)	compared	with**     
 Seasonal influenza 201	(64.8) 181	(58.8) 224	(72.7) 182	(60.5) 0.001 
 Avian	influenza	A(H5N1) 105	(33.9) 112	(36.4) 67	(21.8) 92	(30.6) <0.001 
 SARS 51	(16.5) 63	(20.5) 30	(9.7) 44	(14.6) 0.003 
Distance, km†† 482 2448 351 665  
Raising backyard poultry 141	(45.5) 135	(43.8) 166	(53.9) 168	(49.7) 0.067 
 Type of backyard poultry raised      
  Chicken 120	(38.7) 134	(43.5) 162	(52.6) 161	(53.5) <0.001 
  Ducks 49	(15.8) 45	(14.6) 20	(6.5) 65	(21.6) <0.001 
  Geese 34	(11.0) 17	(5.5) 2 (0.6) 43	(14.3) <0.001 
 Median no. live poultry raised 6 20 13 12 <0.001† 
*Values	are	no.	(%)	persons	except	as	indicated.	STAI,	State	Trait	Anxiety	Inventory;	ILI,	influenza-like illness; SARS, severe acute respiratory syndrome. 
†Differences	between	groups	were	examined	with	the	Kruskal-Wallis Test (assuming nonhomogeneous variances).  
‡Respondents who answered certain/very likely/likely to the question “How likely do you think it is that you will contract H7N9 avian flu over the next 1 
month?” were categorized as “High”; those who answered never/very unlikely/unlikely were categorized as “Low.”  
§Respondents who answered certain/much more /more to the question “What do you think is your chance of getting infected with H7N9	avian	flu over the 
next 1 month compared to other people outside your family of a similar age?” were categorized as “High”; those who answered not at all/much less/less 
were categorized as “Low.”  
¶Respondents who answered extremely concerned/concerned much more than normal/concerned more than normal to the question “If you were to 
develop ILI symptoms tomorrow, would you be…?” were categorized as “More”; those who answered not at all concerned/much less concerned than 
normal/ concerned less than normal were categorized as “Less.”  
#Respondents who answered worried about it all the time/worried a lot/worried a bit to the question “Did you worry about H7N9 in the past week?“ were 
categorized as “Worry.”  
**Respondents who answered much higher/a little higher regarding	the	severity	of	influenza	A(H7N9)	compared	with	seasonal	influenza,	avian	influenza	
A(H5N1),	and	SARS.	 
††Distance	between	the	survey	location	and	the	nearest	area	in	which	influenza	A(H7N9)	case(s)	were	reported. 
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difficulties for policy measures such as closure of LPMs. 
Indeed, we found generally low levels of public support 
for long-term closure of LPMs (Table 2), particularly in 
cities that had not been affected by influenza A(H7N9). 
Respondents in Guangzhou and Shanghai reported higher 
likelihood than residents of other cities that they would be 
worried if they showed signs and symptoms of ILI. This 
finding is unsurprising for Shanghai, but there had been no 
confirmed influenza A(H7N9) cases in Guangzhou at the 
time of our survey.

Our study has several limitations. First, the cross-
sectional study design did not enable us to identify chang-
es over time in risk perception or preventive behaviors. 
Having access to data on live poultry exposures before 
the identification of influenza A(H7N9) virus infections 
would have been helpful because the epidemic may have 
led to changes in exposure patterns by the time our survey 
was conducted. Second, because the survey was conduct-
ed by telephone in urban areas and face-to-face in rural 
areas, our results may have been affected by selection 
bias. We did attempt multiple calls to unanswered tele-
phone numbers in an attempt to mitigate this bias, but the 
overall response rate for the telephone survey was low. 
Also, because the respondents self-reported their behav-
iors, the results might be affected by response biases (e.g., 
if respondents had incomplete recollection of past visits to 
LPMs). In particular, results could have been affected by 
social desirability bias if respondents felt uncomfortable 
reporting true patterns of poultry exposure or attitudes 

toward government interventions and preferred to report 
what they perceived to be ideal or most acceptable. 

Third, our analyses did not explore in depth the social 
or psychological factors underlying behavioral responses 
to influenza A(H7N9), such as the effect of perceived risk 
or severity. This area might be productive for further in-
vestigation. Fourth, similar to other cross-sectional knowl-
edge–attitude–behavior studies, our survey could only 
provide descriptive data on live poultry exposure, risk 
perception, and behavioral changes. Inferences on the as-
sociations between different psychobehavioral factors will 
require further study. Furthermore, we did not investigate 
seasonal variation in poultry-purchasing behaviors, which 
could also be studied in longitudinal surveys.

In conclusion, exposures to live poultry are common in 
many areas of China. If influenza A(H7N9) virus were to 
become more prevalent among poultry, the number of hu-
man exposures could be substantial in the absence of control 
measures. Our findings highlight possible problems in the 
structure of the live poultry trade in China and the potential 
for improved protection of human and animal health (8,24).
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Table	5.	Factors	associated	with	attitudes	and	behavior	toward	
influenza	A(H7N9)	among	survey	respondents	from	urban	areas	
who had visited a live poultry market during the previous year, 
China,	2013* 

Characteristic 

Odds	ratio	(95%	CI) 
Support closure of 

LPMs 
Change	purchase	

behavior 
Sex   
 F 1.19	(0.84–1.68) 2.42 (1.61–3.63) 
 M Referent Referent 
Age group, y   
 18–24 0.73	(0.37–1.45) 0.70	(0.36–1.36) 
 25–34 1.36	(0.85–2.17) 0.81	(0.49–1.34) 
 35–44 Referent Referent 
 45–54 1.43	(0.72–2.83) 0.62 (0.3–1.26) 
 55–64 3.28 (1.71–6.29) 0.86	(0.39–1.9) 
 >65 2.36 (1.04–5.32) 1.42	(0.51–3.97) 
Educational attainment   
 Primary	or	below Referent Referent 
 Secondary 1.80 (0.92–3.50) 1.95 (1.01–3.76) 
 Tertiary or above 1.78	(0.90–3.53) 1.79	(0.91–3.51) 
Urban sites   
 Chengdu Referent Referent 
 Guangzhou 1.13	(0.69–1.85) 0.99 (0.62–1.60) 
 Shanghai 1.77 (1.05–2.99) 4.89 (2.42–9.89) 
 Shenyang 1.40	(0.74–2.64) 1.95	(0.97–3.95) 
 Wuhan 1.07	(0.62–1.86) 2.05 (1.15–3.65) 
*Odds ratios were estimated by adjustment	for	all	variables	shown.	
Boldface	indicates	significance	(p<0.05). 
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For Salmonella enterica serovar Enteritidis, 85% of 
isolates can be classified into 5 pulsed-field gel electropho-
resis (PFGE) types. However, PFGE has limited discrimina-
tory power for outbreak detection. Although whole-genome 
sequencing has been found to improve discrimination of 
outbreak clusters, whether this procedure can be used in 
real-time in a public health laboratory is not known. There-
fore, we conducted a retrospective and prospective anal-
ysis. The retrospective study investigated isolates from 1 
confirmed outbreak. Additional cases could be attributed to 
the outbreak strain on the basis of whole-genome data. The 
prospective study included 58 isolates obtained in 2012, in-
cluding isolates from 1 epidemiologically defined outbreak. 
Whole-genome sequencing identified additional isolates 
that could be attributed to the outbreak, but which differed 
from the outbreak-associated PFGE type. Additional puta-
tive outbreak clusters were detected in the retrospective 
and prospective analyses. This study demonstrates the 
practicality of implementing this approach for outbreak sur-
veillance in a state public health laboratory.

For genetically monomorphic bacteria, current typing 
methods often prove inadequate for outbreak detection, 

trace back, and identification of transmission routes. Some 
of these bacteria, such as Salmonella enterica serovar En-
teritidis, S. enterica serovar Montevideo, Staphylococcus 

aureus, Clostridium difficile, Klebsiella pneumoniae, and 
Mycobacterium tuberculosis, cause diseases that have ma-
jor public health effects. For these pathogens, retrospective 
studies have unambiguously demonstrated that phylogenet-
ic analysis based on whole-genome–derived single nucleo-
tide polymorphisms (SNPs) improves cluster resolution 
and would be an invaluable tool in epidemiologic investi-
gations (1–8). We refer to this approach as whole-genome 
cluster analysis.

Introduction of small, affordable, and rapid benchtop 
whole-genome sequencers, such as the Illumina MiSeq (Il-
lumina, San Diego, CA, USA) MiSeq and the Ion Torrent 
PGM (Life Technologies, Carlsbad, CA, USA), has made 
it possible for clinical and public health laboratories to con-
template adding genome sequencing as a rapid typing tool. 
Eyre et al. (9) showed the utility of Illumina MiSeq in the 
detection of nosocomial outbreaks of S. aureus and C. dif-
ficile infections. Although Eyre et al. (9) showed the utility 
of this approach in improving typing of these monomorphic 
pathogens, the utility of these sequencers in a larger public 
health setting, in which capacity and turn-around times are 
critical parameters, has not been demonstrated.

The standard typing method for Salmonella species, 
which is used by PulseNet laboratories, is pulsed-field gel 
electrophoresis (PFGE) (10). However, PFGE has limited 
discriminatory power for S. enterica serovar Enteritidis 
strains and clusters. At the New York State Department 
of Health (NYSDOH) Wadsworth Laboratories (Albany, 
NY, USA), ≈50% of the 350–500 S. enterica serovar 
Enteritidis isolates received each year are PFGE type 
JEGX01.0004. Multilocus variable-number tandem-repeat 
analysis (MLVA) of these isolates improves discrimina-
tion of disease clusters for this pathogen, but even this tool 
assigns 30% of isolates to a single MLVA type. Because 
genomic homogeneity of S. enterica serovar Enteritidis is 
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Whole-Genome Sequencing of S. enterica

also observed on a national and international level (11), a 
clear need exists for improved typing methods for S. en-
terica serovar Enteritidis in the public health laboratory.

To determine if whole-genome cluster analysis can 
improve subtype discrimination and cluster detection in 
the public health laboratory, we sequenced 93 S. enterica 
serovar Enteritidis isolates received during routine surveil-
lance activities at the NYSDOH by using the Ion Torrent 
PGM located in the core sequencing facility. The sequence 
data were used to create SNP-based phylogenetic trees. This 
study consisted of 2 parts. First, we conducted a retrospec-
tive analysis that focused on an epidemiologically defined 
outbreak of S. enterica serovar Enteritidis JEGX01.0004 
within a long-term care facility (LTCF). Second, we con-
ducted a prospective study in which nearly all S. enteri-
ca serovar Enteritidis PFGE patterns JEGX01.0004 and 
JEGX01.0021 were sequenced during a 4-month period 
during the summer of 2012. In addition, we retrospectively 
sequenced JEGX01.0009 S. enterica serovar Enteritidis 
isolates that had been associated with contaminated ground 
beef early in the summer of 2012.

The retrospective part of the study serves as a proof 
of principle and clearly demonstrates increased resolution 
of whole-genome cluster analysis for typing of common 
PFGE pattern types and subsequent outbreak detection. In 
the prospective study, we show the feasibility of detecting 
outbreaks in near real time, as well as improved resolution, 
of the method that enables detection of numerous potential 
outbreak clusters that would likely go undetected by PFGE.

Materials and Methods
Ninety-three S. enterica serovar Enteritidis isolates 

received at the Wadsworth Center were selected from 
our routine surveillance (online Technical Appendix 
Table, http://wwwnc.cdc.gov/EID/article/20/8/13-1399-
Techapp1.pdf). Serotype, PFGE PulseNet pattern and 
NYS MLVA designation were determined by using stan-
dard methods (10,12–14) before sequencing. Retrospective 
study isolates had been collected during August 10, 2010–
October 22, 2011. For this period, we sequenced all isolates 
with the outbreak–associated PFGE pattern JEGX01.0004 
and NYS-MLVA pattern W (JEGX01.0004/NYS-W) (n 
= 28), selected isolates with the most common pattern 
JEGX01.0004/NYS-B (n = 6), and 1 isolate with pattern 
JEGX01.0004/NYS-AE, which was initially believed to be 
part of the outbreak. These isolates represent 5% of all S. 
enterica serovar Enteritidis isolates and 10% of all pattern 
JEGX01.0004 isolates received by the Wadsworth Center 
during this period.

Prospective study isolates were obtained during April 
17, 2012–August 16, 2012. Isolates sequenced from this 
period included all JEGX01.0004/NYS-B (n = 22) ex-
cept 2, all JEGX01.0004/NYS-W except 1 (n = 3), all 

JEGX01.0021/NYS-B (n = 22), selected JEGX01.0009/
NYS-CR (n = 8), and 1 isolate each of JEGX01.0843/NYS-
CR, JEGX01.0968/NYS-CR, and JEGX01.0034/NYS-B. 
These isolates represented 9% of all Salmonella species 
isolates received by our laboratory over the 4-month pe-
riod. In addition, sequence data from earlier studies of S. 
enterica serovar Enteritidis (11,15) were included in the 
data analysis.

Enzymatic shearing of genomic DNA samples and 
generation of barcoded libraries were carried out by using 
the Ion Xpress Plus Fragment Library Kit and Ion Xpress 
Barcode Adapters Kit (Life Technologies). Libraries were 
size-selected by using a 2-step AMPure XP isolation 
method that was optimized for use in Ion 200 bp Template 
kits (16). Templates were prepared by using the Ion One-
Touch 200 Template Kit version 2 and the Ion OneTouch 
system. Sequencing was conducted by using the Ion PGM 
with a 316 chip and the Ion PGM 200 Sequencing Kit. The  
Torrent Suite versions 2.0.1–2.2 (https://olex-secure.open 
logic.com/packages/ts-iontorrent/2.2) was used for base 
calling. Isolates were sequenced with an average coverage 
of 16–135 times (median 53 times).

Two SNP detection methods were used in this study: 
a traditional reference-based method that used VarScan 
(17) for SNP detection, and a de novo genomic variant 
detection method as implemented in Cortex Variation 
Assembler (18). The traditional reference-based pipeline 
relied on BWA 0.6.1 (19) to map reads against a refer-
ence genome, and VarScan was used for SNP detection. 
Only SNPs that were in agreement with the following 
parameters were used in the analysis: minimal cover-
age of 8, minimal variant coverage of 8, minimum vari-
ant frequency of 90%, and a p value ≤0.01. A consensus 
sequence was created by using vcftools (http://vcftools.
sourceforge.net/), and sites with coverage <8 were hard-
masked in the consensus sequence.

The consensus sequences were used as input for 
BRATNextGen (20), a homologous recombination detec-
tion software. Recombinogenic regions detected by BRAT-
NextGen and rRNA-encoding regions were excluded from 
further analyses. The publicly available genome sequence 
of S. enterica serovar Enteritidis P125109 (GenBank ac-
cession no. NC_011294) and a de novo–assembled draft 
genome of S. enterica serovar Enteritidis 10_34587 (Gen-
Bank accession no, AWOI00000000) were used as refer-
ences in the analysis. The de novo assembly of S. enterica 
serovar Enteritidis 10_34587 was created by using MIRA 
version 3.2.1 (21).

Cortex_var version v1.0.5.14 (http://cortexassembler. 
sourceforge.net/index_cortex_var.html) was used for de 
novo variant detection. The run calls script was used to 
call variants by using the independent work flow (18) 
by using the bubble caller. Read filter parameters were  
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adjusted so that the maximum possible read length could 
be used without use of an excessive amount of random ac-
cess memory. For the Ion Torrent, reads used in this study 
bases with a Phred score <15 were clipped and reads were 
split when homopolymers longer than 5 bp were encoun-
tered. SNPs and indels were used for further analysis if 
they passed the Cortex population filter/site classifier by 
using default parameters.

Population-level phylogenetic analysis was per-
formed only on variable sites. Only sites that were cor-
rectly called in ≥95% of the isolates were included in the 
analysis. Maximum-likelihood–based phylogenetic infer-
ence and nucleotide substitution model selection were 
performed in MEGA 5.1 (22). A bootstrap analysis based 
on 150 bootstrap replicates was performed to assess ro-
bustness of individual clades.

Results

Identification of SNPs
Reference mapping against the publicly available ge-

nome sequence of S. enterica serovar Enteritidis P125109 
yielded 1,240 SNPs among the 93 newly sequenced iso-
lates from New York, and the de novo pipeline yielded 903 
SNPs for the same dataset; 714 SNPs were called by both 
pipelines. Phylogenetic analysis showed the same popula-
tion structure based on the reference-derived dataset, the 
de novo–derived dataset, and a dataset consisting of SNPs 
called by both pipelines. Results of the reference-based 
pipeline are reported in the remainder of this study. Ad-
dition of 41 previously sequenced isolates (11,15) to the 
reference mapping–based pipeline increased the number of 
SNPs to 4,510. After exclusion of regions that were puta-
tively affected by homologous recombination and sites that 
were called in <95% of the isolates, 2,031 SNPs were used 
for further analysis.

Retrospective Study
To determine if whole-genome cluster analysis could 

improve the resolution of outbreak clusters for S. enteri-
ca serovar Enteritidis, we selected a retrospective cohort 
from an epidemiologically defined outbreak that occurred 
in Connecticut and New York during September 1, 2010–
September 30, 2010. This outbreak was associated with an 
LTCF. The study cohort (isolates obtained during August 
10, 2010–October 22, 2011) contained 7 JEGX01.0004/
NYS-W (combined PulseNet PFGE type and NYS-MLVA 
type) isolates that were epidemiologically linked to the 
outbreak and 21 JEGX01.0004/NYS-W, 6 JEGX01.0004/
NYS-B, and 1 JEGX01.0004/NYS-AE that were consid-
ered to be from sporadic outbreaks (Table).

Maximum-likelihood analysis of the SNP matrix 
placed the epidemiologically defined outbreak isolates in a 

well-supported clade with an average pairwise SNP differ-
ence of <1.0 (Figure 1). The clade is 78 SNPs distant from 
the nearest neighbor in the cohort. Whole-genome cluster 
analysis identified 9 additional isolates as part of this out-
break cluster (Table; Figure 1). These additional isolates 
were obtained during the time of the outbreak in the same 
regions of New York and Connecticut and showed pattern 
JEGX01.0004/NYS-W, but were not epidemiologically 
linked to the LTCF at the time of the outbreak (Table). 
No attempt was made to link these isolates to the LTCF 
outbreak. On the basis of whole-genome cluster analysis, 
12 JEGX01.0004/NYS-W, 6 JEGX01.0004/NYS-B, and 
1 JEGX01.0004/NYS-AE were unambiguously excluded 
from the outbreak. Excluded isolates were characterized 
by an MLVA type other than NYS-W or were obtained at 
distant sites or at times outside the outbreak period. Among 
these excluded isolates, we detected 2 additional clusters 
(clusters A and B) not associated with any known outbreak 
(Table; Figure 1).

Prospective Study
To further evaluate the application of whole-genome 

cluster analysis to S. enterica serovar Enteritidis typing and 
cluster detection, we sequenced isolates with 2 of the most 
common combined PFGE/MLVA patterns (JEGX01.0004/
NYS-B and JEGX01.0021/ NYS-B) as they were obtained 
during April 17, 2012–August 16, 2012. All JEGX01.0004/
NYS-W isolates, the type associated with the LTCF out-
break, were sequenced to determine if this clone persisted. 
In addition, we conducted a retrospective analysis of iso-
lates from another outbreak (online Technical Appendix 
Table) to test the performance of whole-genome cluster 
analysis in a second bona fide outbreak. Trees were con-
structed in an ad hoc manner as data were acquired, which 
was not real time because of slow turnaround times.

Whole-genome sequence data for these 58 isolates, 
as well as for 41 isolates that were sequenced as part of a 
large study of S. enterica serovar Enteritidis infections that 
were associated with eggs (11,15), were combined with the 
whole-genome sequence data from the retrospective study 
described above. Four well-supported (bootstrap values 
100) clades were apparent (Figure 2). Clade 1 contained 
62 isolates with PulseNet PFGE type JEGX01.0004 and 1 
isolate with PFGE type JEGX01.0034. Clade 2 contained 
23 isolates with PFGE type JEGX01.0021. Clade 3 con-
tained 16 isolates associated with the 2010 LTCF outbreak 
described above. Clade 4 contained 10 isolates associated 
with a 2012 outbreak linked to consumption of contaminat-
ed ground beef (http://www.cdc.gov/salmonella/enteritidis- 
07-12/) and represented PFGE types JEGX01.0009 (n = 
8), JEGX01.0843 (n = 1), or JEGX01.0968 (n = 1). Clades 
1–3 all belong to S. enterica serovar Enteritidis lineage V, 
a clade that is the prevalent lineage in the United States 
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and is predominately associated with poultry products, 
such as shelled eggs and broilers (K. Deng et al., unpub. 
data). Clades 1 and 2 also contained isolates from clade C2 
associated with the shelled egg outbreak in 2010 (11,15). 
Clade 4 belongs to S. enterica serovar Enteritidis lineage II, 
which is rare among S. enterica serovar Enteritidis isolates 
from the United States, but has been isolated from mam-
malian hosts (K. Deng et al., unpub. data).

Clades 3 and 4 are composed of isolates from epide-
miologically defined outbreaks that are divergent from 
other S. enterica serovar Enteritidis isolates in this study. 
Within-clade variability is limited for both clades (clade 3: 
0–2 pairwise SNP differences, average pairwise SNP dif-
ference <1 SNP; clade 4: 0–3 pairwise SNP differences, 
average pairwise SNP difference 1.2 SNP), which, together 
with the short time span from the first isolate to the last 
isolate, points toward a point source outbreak.

Clade 4 consists of 10 isolates (9 from humans and 
1 from contaminated hamburger [12_19824]) from a  

multistate outbreak in 2012 associated with beef. A total 
of 46 cases in 9 states were associated with this outbreak 
(http://www.cdc.gov/salmonella/enteritidis-07-12/). 
This outbreak was unusual because it was associated 
with contaminated beef, and S. enterica serovar Enteriti-
dis is more commonly associated with poultry products 
(23). Eight of the isolates sequenced were PFGE type 
JEGX01.0009, and 2 isolates (12_18137 and 12_21314) 
were PFGE types JEGX01.0968 and JEGX01.0843, 
respectively (these differ by only 1–2 bands from 
JEGX01.0009).

Isolates with PFGE type JEGX01.0968 or 
JEGX01.0843 have the same SNP profile as 2 PFGE type 
JEGX01.0009 isolates (12_18775 and 12_19824), which 
suggests that the difference in 3 PFGE types is not associ-
ated with differences in the genomic backbone of these 
isolates. De novo assembly of sequence data for isolates 
12_18137 and 12_21314 by using MIRA version 3.2.1 
corroborated this finding and showed that each isolate 
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Table. Retrospective cohort of Salmonella enterica serovar Enteritidis isolates analyzed by whole-genome cluster analysis* 

ID no. Collection	date State PFGE-MLVA combined† 
Cluster	detected	by	

epidemiology‡ 
Cluster	detected	by	

WGCA‡ 
10_28670 2010 Aug 8 NY JEGX01.0004-B – – 
10_29153 2010 Aug 10 NY JEGX01.0004-W – – 
10_29949 2010 Aug 16 NY JEGX01.0004-B – – 
10_30147 2010 Aug 22 NY JEGX01.0004-W – Cluster	B 
10_31528 2010 Aug 26 NY JEGX01.0004-W – – 
10_33213 2010 Sep 10 NY JEGX01.0004-W – LTCF 
10_33369 2010 Sep 10 NY JEGX01.0004-W – LTCF 
10_33371 2010 Sep 11 NY JEGX01.0004-W – LTCF 
10_35179 2010 Sep 12 CT JEGX01.0004-W LTCF LTCF 
10_35180 2010 Sep 12 NY JEGX01.0004-W LTCF LTCF 
10_35182 2010 Sep 12 NY JEGX01.0004-W LTCF LTCF 
10_35178 2010	Sep	13 NY JEGX01.0004-W LTCF LTCF 
10_35181 2010	Sep	13 NY JEGX01.0004-W LTCF LTCF 
10_34601 2010	Sep	13 NY JEGX01.0004-W – LTCF 
10_34213 2010	Sep	13 NY JEGX01.0004-B – – 
10_33603 2010	Sep	14 NY JEGX01.0004-B – – 
10_34599 2010	Sep	15 NY JEGX01.0004-W – Cluster	A 
10_35183 2010 Sep 16 CT JEGX01.0004-W LTCF LTCF 
10_35184 2010 Sep 16 NY JEGX01.0004-AE – – 
10_36119 2010	Sep	17 NY JEGX01.0004-W LTCF LTCF 
10_34587 2010 Sep 20 NY JEGX01.0004-W – LTCF 
10_35417 2010 Sep 22 NY JEGX01.0004-W – LTCF 
10_36319 2010 Sep 28 NY JEGX01.0004-W – LTCF 
10_37723 2010	Oct	4 NY JEGX01.0004-B – – 
10_36979 2010 Oct 8 NY JEGX01.0004-W – LTCF 
10_39087 2010	Oct	27 NY JEGX01.0004-B – – 
10_38792 2010 Oct 29 NY JEGX01.0004-W – LTCF 
11_03844 2011 Feb 1 NY JEGX01.0004-W – Cluster	B 
11_06235 2011 Feb 21 NY JEGX01.0004-W – Cluster	A 
11_21079 2011	Jul	13 NY JEGX01.0004-W – Cluster	A 
11_22186 2011	Jul	22 NY JEGX01.0004-W – Cluster	B 
11_27690 2011 Sep 6 NY JEGX01.0004-W – Cluster	B 
11_31312 2011	Oct	5 NY JEGX01.0004-W – Cluster	B 
11_30508 2011 Oct 9 NY JEGX01.0004-W – Cluster	B 
11_32014 2011 Oct 22 NY JEGX01.0004-W – Cluster	B 
*ID,	identification;	PFGE,	pulsed-field	gel	electrophoresis;	MLVA,	multilocus	variable-number tandem-repeat	analysis;	WGCA,	whole-genome cluster 
analysis; –,	sporadic	outbreaks;	LTCF,	isolates	assigned	to	long-term care facility outbreak. 
†The letter designating the New York MLVA type follows PulseNet PFGE pattern designation. 
‡Cluster designations are indicated by boxes in Figure 1. 
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contains ≥1 large plasmids. To assess the distribution of 
these plasmids among the isolates from the outbreak, we 
used Cortex_var for a plasmid presence/absence analysis. 
This analysis showed that these plasmids are absent from 
all other isolates in this outbreak.

Most isolates obtained by NYSDOH and sequenced 
in this study belonged to clades 1 and 2. Pairwise SNP 
differences within the clades are similar: 0–53 pairwise 
SNP differences (average 29.5) between isolates in clade 
1, and 0–42 pairwise SNP differences (average 25.1) be-
tween isolates in clade 2. Indicative of a highly structured 
population, clades 1 and 2 can be further subdivided into 
6 and 5 well-supported (bootstrap value >97%) subclades, 
respectively (Figure 2). These subclades most likely 
represent strains that persist in the environment (i.e., in  

poultry) and consequently caused multiple human cases. 
Evidence for persistence is particularly strong for clade 1, 
in which 5 of 6 clusters contain isolates obtained during 
the summer or fall of 2010–summer of 2012. Further re-
search and epidemiologic data are needed to determine if 
these strains are widely distributed or represent exposure 
to a specific source.

To assess the distribution of plasmids and prophages, 
we queried de novo assemblies of representative isolates 
from each clade and each PFGE type by using Cortex_var. 
This analysis showed that the S. enterica serovar Enter-
itidis virulence plasmid pSLA5 (GenBank accession no. 
NC_019002.1) was present in all isolates sequenced, with 
the exception of 12_23426 from clade 1. This analysis also 
confirmed the presence of the unique plasmids found by 

1310	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014

Figure 1. Maximum-likelihood tree of population structure of Salmonella enterica serovar Enteritidis isolates obtained in New York and 
neighboring states, USA. The tree was inferred by using a general time-reversible model with a gamma distribution and was inferred to 
be the best fit model by the maximum-likelihood method implemented in MEGA 5.1 (22). Values on branches are bootstrap values based 
on 150 bootstrap replicates. Note the well supported and distant cluster associated with the long-term care facility (LTCF), as well as 
additional clusters A and B. Labels of isolates are colored according to their New York State Department of Health Wadsworth Laboratories 
multilocus variable-number tandem-repeat analysis (MLVA) subtype designation. Green, MLVA subtype B; red, MLVA subtype W; black, 
MLVA subtype AE. + indicates isolates in the LTCF cluster that were detected only by whole-genome analysis and were not detected 
epidemiologically. Scale bar indicates single-nucleotide polymorphisms per site.
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de novo assembly for isolates 12_18137 and 12_21314 
described above. In clades 1, 2, and 3, prophage distribu-
tion is highly conserved, and all genomes sequenced in this 
study contained an ELPhiS-like (24) prophage. Although 

the ELPhis-like prophage is absent from all clade 4 iso-
lates, these isolates contain a unique prophage region of 
≈49 kb, which was not found in other clades studied here 
or in currently published Salmonella genomes.
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Figure 2. Maximum-likelihood tree of population structure of Salmonella enterica serovar Enteritidis isolates obtained in New York and 
neighboring states, USA. The tree was inferred by using a general time-reversible model with a gamma distribution, which was inferred to be 
the best fit model by the maximum-likelihood method implemented in MEGA 5.1 (22). Values on branches are bootstrap values based on 150 
bootstrap replicates. Pulsed-field gel electrophoresis (PFGE) types are indicated on branches. Labels of isolates are colored according to 
their New York State Department of Health Wadsworth Laboratories multilocus variable-number tandem-repeat subtype designation. Green, 
MLVA subtype B; red, MLVA subtype W; orange, MLVA subtype AE; blue, MLVA subtype CR; black, MLVA subtype data missing and isolates 
from Allard et al. (11). Rectangles indicate well-supported clusters of at least 3 isolates, letters within the rectangles correspond to the cluster 
designation in the Table. LTCF, long-term care facility. Scale bar indicates single-nucleotide polymorphisms per site.
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Discussion
In this study, we demonstrated that whole-genome 

cluster analysis of S. enterica serovar Enteritidis results 
in vastly improved detection of clusters of common PFGE 
types and outbreak resolution than PFGE, the current 
standard. Analysis of a retrospective dataset showed that 
all isolates associated with an LTCF outbreak in 2010 be-
longed to a well-supported clade with an average <1.0 SNP 
distance between all the isolates in the clade. Furthermore, 
this clade is 78 SNPs distant from the nearest neighboring 
sporadic isolates. Additional clinical isolates obtained dur-
ing the time of the outbreak from patients in surrounding 
communities not previously associated with the outbreak 
also belonged to the clade, which expanded the number of 
possible outbreak cases from 7 to 16. Identification of these 
additional 9 matching isolates suggests a common con-
taminated source outside the LTCF. Knowledge of these 
cases at the time of the outbreak might have improved the 
chances of finding the outbreak source, which was never 
identified. Furthermore, whole-genome cluster analy-
sis showed that the LTCF outbreak belonged to the same 
monophyletic lineage as isolates in 2 clades associated with 
the 2010 shelled egg outbreak, suggesting that shelled eggs 
are a common source of infection (11,15). For the LTCF 
outbreak, MLVA data showed concordance with whole-
genome sequencing data. In contrast, PFGE analysis of all 
isolates (i.e., from the LTCF and the shelled eggs outbreak) 
resulted in a single type (JEGX01.0004), which yielded no 
useful molecular clustering information.

When we combined retrospective and prospective da-
tasets, no additional isolates clustered with those from the 
LTCF outbreak (these datasets included 3 JEGX01.0004/
NYS-W isolates). However, several other clusters were 
detected. One well-supported and distant cluster associ-
ated with an outbreak linked to contaminated beef con-
tains PFGE patterns JEGX 01.009, JEGX01.0968, and 
JEGX01.0843. These PFGE types are rarely seen in the 
United States. Other smaller well-supported clusters were 
observed that contained isolates obtained during a 2.5-
year period, which suggested persistence of point sources 
in the environment.

During the outbreak associated with contaminated 
beef, 2 isolates (12_18137 and 12_21314), which have 
distinct PFGE types (JEGX 01.0968 and JEGX 01.0843, 
respectively), had not been included in the outbreak. How-
ever, whole-genome cluster analysis placed these isolates 
in the outbreak cluster. De novo assembly of the sequences 
of these 2 strains showed the presence of plasmids that are 
not found in other isolates in this clade. This observation is 
consistent with observations of Zhou et al. (25), who found 
that differences in PFGE types in S. enterica serovar Agona 
could be attributed mainly to differences in the content of 
mobile elements (e.g., prophages and plasmids), and not to 

SNP-related differences in the genomic backbone. Similar 
to our observations, Gilmour et al. (26) also linked Liste-
ria monocytogenes isolates with PFGE types that differed 
by <3 bands to an outbreak, on the basis of whole-genome 
sequencing data, which indicated that PFGE pattern diver-
sification was caused by mobile elements.

Other retrospective studies of S. aureus, K. pneumoni-
ae, C. difficile, and M. tuberculosis have also demonstrated 
improved resolution of whole-genome cluster analysis 
(2–8,15). Whether this approach can be translated to the 
public health laboratory setting is still unclear. These labo-
ratories currently support the bulk of outbreak investiga-
tions through various formal and informal networks. Inter-
pretation of whole-genome sequencing data are relatively 
straightforward and no more challenging than the inter-
pretation of PFGE or MLVA data. During our prospective 
study, we were able to sequence 12 isolates at the NYS-
DOH and analyze the output at the Cornell Food Safety 
Laboratories within 8 days. Recently, our throughput has 
increased to 32 isolates in the same period, and analysis 
can be conducted in house. At this rate, all Salmonella iso-
lates received for surveillance can be sequenced in a time-
frame that is useful to epidemiologists. In addition, once 
whole-genome cluster analysis is fully implemented for all 
Salmonella isolates, serovar (27) and multilocus sequence 
typing (28) information could be inferred solely from the 
genome data to link sequenced isolates to historical data, 
which would shorten the turnaround time by 2 days. Thus, 
it is reasonable to expect that public health laboratories can 
serve as centers for these new technologies and will be able 
to detect clusters in a meaningful time frame.

For national surveillance, whole-genome cluster anal-
ysis could use public health laboratories and standardized 
protocols and procedures to analyze data locally and up-
load raw sequence data to centralized sites for analysis. 
This approach builds upon the PulseNet model (10) and 
would enable a rapid local response and centralized con-
trol. One model for centralized data is being tested in a col-
laboration between the US Food and Drug Administration, 
the National Center for Biotechnology Information, and se-
lected state public health laboratories (http://www.fda.gov/
Food/FoodScienceResearch/WholeGenomeSequencing 
ProgramWGS/default.htm). Surveillance laboratories up-
load raw sequence reads that are processed and added to 
a single tree that harbors all sequenced S. enterica isolates 
and associated metadata (date of isolation, isolation source, 
location, unique identifier). As clusters appear, they would 
be reported to the surveillance laboratories, which would 
communicate the information to epidemiologists. The up-
loading, analysis, and reporting could be highly automated.

Many challenges need to be addressed before a whole-
genome sequence–based surveillance system can be imple-
mented. In addition to standardization of protocols and 
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analyses, several questions still need to be resolved. What 
constitutes an epidemiologically meaningful phylogenetic 
cluster? Do circulating persistent clones confound this 
analysis? How will this information be reported to epide-
miologists? Pilot studies at the Centers for Disease Con-
trol and Prevention (Atlanta, GA, USA) and NYSDOH to 
implement real-time whole-genome–based surveillance for 
L. monocytogenes and S. enterica serovar Enteritidis, re-
spectively, will begin to address these questions.

Improving surveillance and tracking of pathogens is 
a high priority goal for federal and state agencies charged 
with protecting public health. Affordable and rapid next-
generation sequencing technologies and associated bioin-
formatics will be potent tools in achieving these goals. This 
study demonstrates the practical feasibility and benefits of 
deploying these technologies in public health laboratories.
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Domestic ducks are natural reservoirs of avian influenza 
viruses and serve as reassortant hosts for new virus sub-
types. We isolated 2 novel influenza A(H5N8) viruses from 
domestic ducks in eastern China, sequenced their genomes, 
and tested their pathogenicity in chickens and mice. Circula-
tion of these viruses may pose health risks for humans.

Avian influenza viruses are members of the family 
Orthomyxoviridae and contain 8 segments of single-

stranded RNA with negative polarity (1). These viruses are 
classified into subtypes on the basis of their envelope pro-
teins hemagglutinin (HA) and neuraminidase (NA). Aquat-
ic birds, including domestic ducks, have been considered 
the natural reservoir of these viruses (2). Although domes-
tic ducks do not usually display symptoms when they are 
infected with these viruses, they provide an environment 
for the reassortment of low pathogenicity avian influenza 
viruses, which can serve as progenitors of highly patho-
genic avian influenza viruses (3).

Because live poultry markets are considered a major 
source of avian influenza virus dissemination and sites for 
potential influenza virus reassortment, as well as interspe-
cies transfer (3,4), we participated in active surveillance of 
these virus in live poultry markets. We sequenced genes 
from 2 novel influenza A(H5N8) viruses isolated from do-
mestic ducks in eastern China and evaluated their pathoge-
nicity in chickens and mice.

The Study
During surveillance of poultry for avian influenza  

viruses in live poultry markets in Zhejiang Province in 

eastern China in 2013, we isolated 2 influenza A(H5N8) 
viruses, A/duck/Zhejiang/W24/2013(H5N8) (W24) and A/
duck/Zhejiang/6D18/2013(H5N8) (6D18), from domestic 
ducks. To better understand genetic relatedness between 
these viruses, we sequenced all gene segments of these 2 
viruses and compared them with influenza virus sequences 
in GenBank. We also determined the virulence of the 2 iso-
lates in chickens and mice.

For virus isolation, cloacal swab specimens from do-
mestic ducks were inoculated into embryonated chicken 
eggs as described (5). All experiments with viruses were 
performed in a Biosafety Level 3 laboratory.

RNA was extracted by using the Viral RNA Mini Kit 
(QIAGEN, Hilden, Germany) according to the manufac-
turer’s instructions. All gene segments were amplified with 
primers, and fragments were sequenced and analyzed as 
described (6–8). Sequence data obtained were submitted to 
GenBank under accession nos. KJ476663–KJ476678.

Sequence analysis showed that all sequences of 8 
genes (HA, NA, basic polymerase 1, basic polymerase 
2 [PB2], acidic polymerase, nucleoprotein, matrix pro-
tein, and nonstructural protein [NS]) of viruses W24 and 
6D18 showed 99.9%–100% sequence similarity (Figure 
1, panel A, http://wwwnc.cdc.gov/EID/article/20/8/14-
0339-F1.htm). Results show that the HA gene of W24 
was closely related to those HA genes of H5N8 subtype 
viruses circulating in South Korea in 2014 (9); W24 be-
longs to clade 2.3.4.

Sequence analysis suggested that these H5N8 sub-
type viruses were most closely related to isolates from 
poultry in countries in eastern Asia. Previous studies have 
shown that H5 subtype viruses within clade 2.3.2 have 
been circulating widely in poultry and wild birds in China 
since 2007 (7,10). Our results indicated that the 2 novel 
H5 subytpe viruses belong to clade 2.3.4, the prevalent 
lineage in southern China since 2005 (11); thus show-
ing their presence in eastern China. NA gene phylogeny 
indicated that a novel influenza A(H10N8) virus, which 
infected humans, had different ancestors for this gene 
(Figure 1, panel B).Gene phylogenies for 6 other genes 
indicated that H9N2 subtype viruses circulating in China 
were not donors of these genes for W24.

Lee et al. (9) recently reported that that HA and 
NA genes of 3 H5N8 subtype viruses isolated in South 
Korea in 2014 had high nucleotide identities with A/
duck/Jiangsu/k1203/2010(H5N8). All 8 genes of W24 
were closely related to those of H5N8 subtype viruses, 
such as A/breeder duck/Korea/Gochang1/2014(H5N8), 
which are circulating in South Korea. Basic polymerase 
1, acidic polymerase, HA, nucleoprotein, NA, and ma-
trix genes of W24 were also closely related to those 
of A/duck/Jiangsu/k1203/2010(H5N8). PB2 and NS  
genes of W24 were most closely related to those of  
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A/environment/Jiangxi/28/2009(H11N9) and A/duck/
Hunan/8–19/2009(H4N2), respectively (Table 1; Figure 
2). On the basis of analysis of phylogenetic relationships, 
we found that W24 was a reassortant virus that derived 
its genes from a virus of a different subtype from poultry 
in China. We also found that H5N8 subtype viruses had 
been present in eastern China for several years and these 
viruses might have been spread to other countries by wild 
birds in recent years.

On the basis of deduced amino acid sequences of 
HA genes, we found that the HA cleavage site pattern 
(PLREKRRKR) of the 2 novel H5N8 subtype viruses 
indicated that these viruses were highly pathogenic. In 
this study, amino acid sequences of these H5N8 subtype 
viruses at positions 236–241 and 146–150 were NGQR-
GR and GVSAA, respectively. Receptor-binding sites 
(Gln226 and Gly228) of H5N8 subtype viruses were simi-
lar to those of the 2 novel H5N8 subtype viruses, which 
suggested that these 2 viruses would preferentially bind 
to avian-like receptors (7). The PB2 protein Lys627Glu 
mutation has been reported to influence the host range and 
confer increased virulence for H5N1 subtype viruses in 
animal models (12). This mutation was not observed in 
PB2 of the 2 novel H5N8 subtype viruses analyzed in this 
study, which indicated that these 2 viruses had low levels 
of pathogenicity for mice.

Deletion of several amino acids (position 80–84) in 
NS1 proteins had been observed more frequently in H5N1 
subtype viruses, which indicated possible adaptation of 
these viruses to avian species (13). This deletion was not 
observed in the 2 novel H5N8 subtype viruses. These 2 vi-
ruses contained the NS1 Pro42Ser mutation, which is as-
sociated with increased virulence in mice (14).

To evaluate pathogenicity of W24 and 6D18 in chick-
ens, we inoculated groups of ten 6-week-old specific patho-
gen–free chickens intravenously with a 106 median egg 

infective dose of each virus in a 0.2-mL volume of phos-
phate-buffered saline; deaths were observed over a 10-day 
period (7). Animal studies were conducted according to 
the recommendation of the World Organisation for Animal 
Health (Paris, France). Characteristics of W24 and 6D18 
viruses are shown in Table 2. Results showed that these 
viruses were highly pathogenic to chickens.

To determine the pathogenicity of these viruses in a 
mammalian host, we inoculated BALB/c mice intranasally 
with a 106 median egg infective dose for each virus. Over 
a 14-day period, we observed virus replication in various 

 
Table 1. Sequence homology of whole genome of influenza A(H5N8) A/duck/Zhejiang/W24/2013 virus isolated from domestic ducks, 
eastern China, 2013, compared with nucleotide sequences available in GenBank* 
Gene Virus with the highest percentage of nucleotide identity GenBank accession no. Homology, % 
PB2 A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413831 99 
 A/environment/Jiangxi/28/2009 (H11N9) KC881295 98 
PB1 A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413832 99 
 A/duck/Jiangsu/k1203/2010 (H5N8) JQ973692 99 
PA A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413833 99 
 A/duck/Jiangsu/k1203/2010 (H5N8) JQ973693 99 
HA A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413834 99 
 A/duck/Jiangsu/k1203/2010 (H5N8) JQ973694 99 
NP A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413835 99 
 A/duck/Jiangsu/k1203/2010 (H5N8) JQ973695 99 
NA A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413836 99 
 A/duck/Jiangsu/k1203/2010 (H5N8) JQ973696 99 
M A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413837 99 
 A/duck/Jiangsu/k1203/2010 (H5N8) JQ973697 99 
NS A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413838 99 
 A/duck/Hunan/8–19/2009 (H4N2) HQ285890 99 
*PB2, basic polymerase 2; PB1, basic polymerase 1; PA, acidic polymerase; HA, hemagglutinin; NP, nucleoprotein; NA, neuraminidase; M, matrix; NS, 
nonstructural protein. 

 

Figure 2. Putative genomic compositions of novel influenza 
A(H5N8) viruses isolated from poultry, eastern China, 2013, and 
their 3 possible parent viruses. The 8 gene segments (from top to 
bottom) in each virus are basic polymerase 2, basic polymerase 
1, acidic polymerase, hemagglutinin, nucleoprotein, neuramindase, 
matrix, and nonstructural protein. Each color represents a separate 
virus background: purple indicates Hunan/8-19 (H4N2); A/duck/
Hunan/8-19/2009(H4N2); blue indicates k1203 (H5N8), A/duck/
Jiangsu/k1203/2010(H5N8); and yellow indicates Jiangxi/28 
(H11N9), A/environment/Jiangxi/28/2009(H11N9). The simplified 
schematic illustration is based on nucleotide-distance comparison 
and phylogenetic analysis.
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organs and deaths. After intranasal administration of W24 
and 6D18, we observed 5 mice per group for survival over 
a 14-day period. On day 9 postinfection, high titers of vi-
rus was detected in lung and liver but were not detected in 
brain and heart. Mice had signs of illness but had survival 
rates of 80% (4/5) and 100% (5/5), respectively, for each 
virus during 14 days postinfection (Table 2). These results 
suggested that the 2 novel H5N8 subtype viruses did not 
kill mice but that they could replicate in the lung. Results 
of our study are consistent with those of Zhao et al. (15), 
who reported that H5N8 subtype virus from chickens did 
not cause deaths in mice.

Conclusions
We isolated 2 influenza A(H5N8) viruses were isolat-

ed from domestic ducks in eastern China in 2013. Results 
of phylogenetic analysis showed that these viruses were re-
assortant viruses that derived their genes from different vi-
rus subtypes. These reassortant H5N8 subtype viruses and 
their 3 possible parent viruses, A/duck/Jiangsu/k1203/2010 
(H5N8), A/environment/Jiangxi/28/2009 (H11N9), and A/
duck/Hunan/8-19/2009 (H4N2), were isolated in China. 
Both H5N8 subtype isolates were highly pathogenic for 
chickens and showed moderate pathogenicity for mice. Do-
mestic ducks are considered the natural reservoir of avian 
influenza viruses and serve as reassortant hosts for creation 
of new virus subtypes. Continued circulation of these vi-
ruses may pose health threats for birds and humans.

This study was supported by grants from the National Key 
Technologies Research and Development Program for the 12th 
Five-Year Plan of China (2012ZX1000-004-005) and the State 
Key Laboratory of independent task (No.2010ZZ04).

Dr Haibo Wu is a faculty member at the State Key Labora-
tory for Diagnosis and Treatment of Infectious Diseases, The First 
Affiliated Hospital, School of Medicine, Zhejiang University. His 
primary research interest is the epidemiology and pathogenic 
mechanism of avian influenza viruses.

References

  1.	 Webster RG, Bean WJ, Gorman OT, Chambers TM, Kawaoka Y.  
Evolution and ecology of influenza A viruses. Microbiol Rev. 
1992;56:152–79.

  2.	 Kawaoka Y, Chambers TM, Sladen WL, Webster RG. Is the gene 
pool of influenza viruses in shorebirds and gulls different from 
that in wild ducks? Virology. 1988;163:247–50. http://dx.doi.
org/10.1016/0042-6822(88)90260-7

  3.	 Liu M, He S, Walker D, Zhou N, Perez DR, Mo B, et al. The in-
fluenza virus gene pool in a poultry market in South central china.  
Virology. 2003;305:267–75. http://dx.doi.org/10.1006/viro.2002.1762

  4.	 Cardona C, Yee K, Carpenter T. Are live bird markets reser-
voirs of avian influenza? Poult Sci. 2009;88:856–9. http://dx.doi.
org/10.3382/ps.2008-00338

  5.	 Wu HB, Guo CT, Lu RF, Xu LH, Wo EK, You JB, et al. Genetic char-
acterization of subtype H1 avian influenza viruses isolated from live 
poultry markets in Zhejiang Province, China, in 2011. Virus Genes. 
2012;44:441–9. http://dx.doi.org/10.1007/s11262-012-0716-y

  6.	 Hoffmann E, Stech J, Guan Y, Webster RG, Perez DR. Univer-
sal primer set for the full-length amplification of all influenza A  
viruses. Arch Virol. 2001;146:2275–89. http://dx.doi.org/10.1007/
s007050170002

  7.	 Hai-bo W, Chao-tan G, Ru-feng L, Li-hua X, En-kang W, Jin-biao Y,  
et al. Characterization of a highly pathogenic H5N1 avian influen-
za virus isolated from ducks in Eastern China in 2011. Arch Virol. 
2012;157:1131–6. http://dx.doi.org/10.1007/s00705-012-1259-1

  8.	 Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. 
MEGA5: molecular evolutionary genetics analysis using maximum 
likelihood, evolutionary distance, and maximum parsimony meth-
ods. Mol Biol Evol. 2011;28:2731–9. http://dx.doi.org/10.1093/ 
molbev/msr121

  9.	 Lee Y-J, Kang H-M, Lee E-K, Song B-M, Jeong J, Kwon Y-K, 
et al. Novel reassortant influenza A(H5N8) viruses, South Korea, 
2014. Emerg Infect Dis. 2014;20:1086–9. http://dx.doi.org/10.3201/
eid2006.140233

10.	 Hu X, Liu D, Wang M, Yang L, Zhu Q, Li L, et al. Clade 2.3.2 
avian influenza virus (H5N1), Qinghai Lake region, China, 2009–
2010. Emerg Infect Dis. 2011;17:560–2. http://dx.doi.org/10.3201/
eid1703.100948

11.	 Smith GJ, Fan XH, Wang J, Li KS, Qin K, Zhang JX, et al.  
Emergence and predominance of an H5N1 influenza variant in Chi-
na. Proc Natl Acad Sci U S A. 2006;103:16936–41. http://dx.doi.
org/10.1073/pnas.0608157103

12.	 Shinya K, Hamm S, Hatta M, Ito H, Ito T, Kawaoka Y. PB2 amino 
acid at position 627 affects replicative efficiency, but not cell tro-
pism, of Hong Kong H5N1 influenza A viruses in mice. Virology. 
2004;320:258–66. http://dx.doi.org/10.1016/j.virol.2003.11.030

 
 
Table 2. Characteristics of 2 novel influenza A(H5N8) viruses isolated from domestic ducks, eastern China, 2013 * 

Virus 
Characteristic 

 Virus replication in experimentally infected mice, virus titers in  
organs of mice (log10 EID50/mL)† 

IVPI EID50 TCID50  Tissue 3 d 6 d 9 d 
W24 3.0 108.5 108.4  Lung 2.5  0.5 3.0  0.5 5.0  0.5 
 NA NA NA  Brain – – – 
 NA NA NA   – – – 
 NA NA NA  Liver – – – 
6D18 3.0 108.5 109.6  Lung 2.0  0.5 2.5  0.5 3.0  0.5 
 NA NA NA  Brain – – – 
 NA NA NA  Heart – – – 
 NA NA NA  Liver – – 2.0  0.5 
*Groups of 14 adult female BALB/c mice were intranasally inoculated with a 106 median egg infective dose (EID50) of each virus in a 0.05-mL volume of 
phosphate-buffered saline. Five mice per group were observed for survival within 14 d. The remaining 9 mice from each experimental group were 
exsanguinated on days 3, 6, and 9, and their lungs, brains, hearts and livers were collected for virus titration in embryonated chicken eggs. IVPI, 
intravenous pathogenicity index; TCID50, median tissue culture infective dose; NA, not applicable.  
†Values are mean  SD. –, virus was not detected. 
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Dromedary camels are a putative source for human 
infections with Middle East respiratory syndrome coronavi-
rus. We showed that camels sampled in different regions 
in Kenya during 1992–2013 have antibodies against this 
virus. High densities of camel populations correlated with 
increased seropositivity and might be a factor in predicting 
long-term virus maintenance.

Middle East respiratory syndrome coronavirus (MERS-
CoV) was discovered in a patient from Saudi Arabia 

in 2012 and has since caused ≥250 human infections and 
93 deaths (1). The evolutionary origins of MERS-CoV and 
related viral species belonging to the genus Betacoronavi-
rus clade C were attributed to insectivorous bats in Europe 
and Africa (2–4). Seroprevalence studies of livestock from 
diverse species showed that dromedary camels from Oman, 
Saudi Arabia, the United Arab Emirates, Jordan, Qatar, 
Spain, and Egypt harbored antibodies against MERS-CoV 
antigens (5–8). Direct evidence for MERS-CoV infection in 
camels has been found in Qatar, Saudi Arabia, and Egypt. 
Close similarity of camel-associated and human-associated 
MERS-CoV sequences suggests that camels are sources of 
infection for humans and might constitute a zoonotic animal 
reservoir (5,9,10). Where and when the putative introduction 
of MERS-CoV into camel populations took place and how 
the virus is maintained in camel populations remains obscure.

Most livestock camels slaughtered in the Arabian 
Peninsula and in Egypt are imported from the Greater 
Horn of Africa, in particular Ethiopia, Somalia, Sudan, 
and Kenya (11,12). We investigated MERS-CoV anti-
body levels and distribution patterns in farmed and no-
madic camels from Kenya.

The Study
Samples were obtained from 774 dromedary camels 

in 3 regions in Kenya (Northeastern, Eastern, and Rift 
Valley [former administrative provinces]) and 7 counties 
(Mandera, Wajir, Isiolo, Marsabit, Laikipia, Turkana, and 
Baringo) during 1992–2013 (Figure). Blood samples were 
obtained from farmed or nomadic camels by jugular vein 
puncture. Serum samples originated from the archives of 
the International Livestock and Research Institute (ILRI) 
(Nairobi, Kenya). Ethical clearance for collection was part 
of the agreement between the Government of Kenya and 
ILRI, which provided ILRI with approval to broadly inves-
tigate livestock disease in Kenya.

All serum samples were tested for MERS-CoV anti-
bodies by using a recombinant MERS-CoV spike protein 
subunit 1–based ELISA (rELISA) as described (13). Se-
rum samples were used at a 1:100 dilution, which had been 
shown to be optimal for screening (13). A positive serum 
sample from recent studies (6,13) was used as a reference 
in all experiments. We used the assay-specific cutoff (opti-
cal density ratio 0.3) that had been validated in a previous 
study of camel serum samples (13). A total of 228 (29.5%) 
of 774 dromedary camels were rated MERS-CoV positive 
by the rELISA (Table 1). All 228 rELISA-positive serum 
samples from these 228 camels were subsequently tested 
at a 1:40 dilution by using an established recombinant im-
munofluorescence assay and Vero cells expressing MERS-
CoV spike protein (6). This confirmatory assay showed that 
213 (93.4%) of 228 rELISA-positive serum samples had 
MERS-CoV antibodies (Table 1).

As a final step, antibody specificity was confirmed by 
using a highly specific MERS-CoV microneutralization as-
say as described (6). All 228 rELISA-positive serum sam-
ples were tested at a starting dilution of 1:80 and an ending 
dilution of 1:800 to identify animals with high neutraliza-
tion titers. A total of 119 (52.2%) 228 rELISA-positive se-
rum samples had MERS-CoV neutralizing antibody titers 
(range 1:80–1:800) and 14 (6.1%) of 228 had high (>1:800) 
titers. The highly reactive camel serum samples originated 
from 3 counties (Wajir, Mandera, and Marsabit) in 2 re-
gions (Northeastern and Eastern). The highest determined 
endpoint titer was 1:5,120.

Dromedary camels that had MERS-CoV antibodies 
were present at all sampling sites and during the 20-year 
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sampling period (Table 1; Figure). With the exception of 1 
county, seroprevalence was generally higher in the North-
eastern and Eastern regions (range 53.4%–100%) than in 
the northern Rift Valley region (range 0%–17.5%). 

Serum samples from 28 dromedary camels from Wajir 
County that had been held at a research center in isolation 
conditions since 1998 were negative for MERV-CoV anti-
bodies. To further confirm the observed seropositivity gra-
dient, we compared those 129 camel serum samples with 
those that were obtained in the same year (2000) but at 2 
locations (Eastern and northwestern Rift Valley regions). 
Antibody levels of nomadic dromedary camels from the 
Eastern region were significantly higher than those for 
farmed animals from the Rift Valley (corrected χ2 34.1, 
p<0.005) (Table 2). Adult animals in both regions had a 
7%–10% higher seroprevalence than juvenile animals, 
which is consistent with results of a previous study (6).

Because virus transmission might be influenced by 
population density, we attempted to correlate seropreva-
lence with dromedary camel population density across 
different regions. Data for dromedary camel density (on-
line Technical Appendix, http://wwwnc.cdc.gov/EID/

article/20/8/14-0596-Techapp1.pdf) were calculated on the 
basis of livestock counts conducted by the Department of 
Resource Surveys and Remote Sensing as part of an on-
going Kenya-wide rangeland monitoring program (14). 
Increased seroprevalence showed a significant correlation 
(Spearman rank correlation coefficient 0.715, p<0.005) 
with higher densities of dromedary camel populations in 
the Northeastern region and the northern part of the Eastern 
region (range 0.73–2.9 animals/km2) than in the Rift Val-
ley region (0.58–0.6 animals/km2) (Figure; online Techni-
cal Appendix).

Conclusions
The present study showed that dromedary cam-

els from Kenya have antibodies against MERS-CoV, 
which complements the current finding that MERS-CoV 
is a common pathogen in dromedary camel populations 
(5,6,8,9,13). Our finding of MERS-CoV antibodies in 
dromedary camels as early as 1992 is consistent with find-
ings of a recent report from Saudi Arabia, which suggest-
ed that MERS-CoV has been circulating in dromedary 
camels for ≥20 years (5).
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Figure. Greater Horn of Africa and Kenya. A) Arabian Peninsula and neighboring countries in the Greater Horn of Africa. B) Detailed map of 
Kenya showing sampling sites in 7 counties (Turkana, Baringo, Laikipia, Marsabit, Isiolo, Mandera, and Wajir) for Middle East respiratory 
syndrome coronavirus (MERS-CoV). Counties were assigned to 3 regions named after the former administrative provinces of Rift Valley, 
Eastern, and Northeastern (left to right). The 3 sampling regions are indicated in shades of green and other counties are indicated in gray. 
Percentages of camels positive for antibodies against MERS-CoV are shown with the density of camels (individuals/km2) for the analyzed 
regions during 2 periods (1991–2000 and 2000–2013). Serosurveys were performed during 1992–2013. Camel population numbers were 
determined for 1991–2000 and 2000–2013. Maps were created by using data from http://www.naturalearthdata.com.



Antibodies against MERS-CoV in Dromedary Camels

To project and potentially control virus spread, the 
public health community must understand factors determin-
ing virus maintenance. Our group and others have demon-
strated that young dromedary camels have lower seroprev-
alences and are more likely to carry infectious virus (5,6). 
Similar observations have been made for coronaviruses in 
their original chiropteran hosts wherein strong virus am-
plification occurred soon after the time of parturition (15). 
Young, immunologically naive animals may thus facilitate 
virus amplification in dromedary camel populations.

We also demonstrated that dromedary camel popula-
tion density shows a positive correlation with MERS-CoV 
seropositivity, which suggests efficient MERS-CoV main-
tenance or spread if herd density is high. Different types of 
animal husbandry in the Northeastern and Eastern regions 
of Kenya might be better predictors of virus transmission 
among camels. Dromedary camels in this area are often 
nomadic following rainfall patterns, and are taken across  

borders into neighboring countries, such as Ethiopia, for 
trade purposes (13). The observed increase in seropositiv-
ity from the Western region to the Northeastern and Eastern 
regions could be attributed to increased animal-to-animal 
contact in cross-border dromedary camel metapopulations.

Conversely, dromedary camels that originated in the 
Northeastern region but had been held in isolation since 
1998 were negative for MERS-CoV antibodies, which is 
consistent with absence of antibodies in dromedary camels 
bred in isolation in Dubai (6). The combination of nomadic 
husbandry for a large population and presence of young vi-
rus-susceptible animals might facilitate virus maintenance. 
However, our retrospective study with archived samples 
could not assess hypotheses for each of the individual vari-
ables to determine their relative and absolute degrees of 
influence on virus circulation.

Because exportation of dromedary camels is largely uni-
directional from eastern Africa into the Arabian Peninsula  
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Table 1. Analysis for MERS-CoV in serum samples of dromedary camel from 3 regions in Kenya, 1992–2013* 

Region County† 
Husbandry/ 

management Year 
No. 

samples 
No. rELISA positive 

samples (%) 

No. rIFA positive 
samples/rELISA positive 

samples (%) 
Northeastern Mandera/Wajir‡ Nomadic§ 2008 162 91 (56.2) 86/91 (94.5) 
Eastern Isiolo Nomadic§ 1998 12 2 (16.7) 1/2 (50.0) 
 Marsabit Nomadic§ 1999 41 32 (78.0) 28/32 (87.5) 
 Variable Nomadic§ 2000 73 39 (53.4) 38/39 (97.4) 
 Marsabit Nomadic§ 2008 21 12 (57.1) 12/12 (100.0) 
 Marsabit Nomadic§ 2013 7 7 (100.0) 7/7 (100.0) 
Rift Valley Laikipia¶ Ranch# 1992 22 1 (4.5) 0/1 (0.0) 
 Laikipia Ranch# 1996 37 2 (5.4) 2/2 (100.0) 
 Laikipia Ranch# 1998 50 0 (0.0) ND 
 Laikipia Ranch# 1999 175 32 (18.3) 30/32 (93.8) 
 Turkana Nomadic** 1999 50 7 (14.0) 6/7 (85.7) 
 Laikipia Ranch# 2000 56 2 (3.6) 2/2 (100.0) 
 Baringo Research center†† 2007 28 0 (0.0) ND 
 Laikipia Ranch 2013 40 1 (2.5) 1/1 (100.0) 
Total    774 228 (29.5) 213/228 (93.4) 
*MERS-CoV, Middle East respiratory syndrome coronavirus; rELISA, recombinant ELISA for MERS-CoV subunit 1 spike protein (serum samples were 
tested at a dilution of 1:100);  rIFA, recombinant immunofluorescence assay for MERS-CoV spike protein expression in Vero cells (serum samples were 
tested at a dilution of 1:40; ND, not done. 
†Designated county refers to place of sampling or location in which camels were primarily located. 
‡Data was merged because both counties had comparable antibody levels. 
§High density of camels and regular contact between herds, including exchange of animals between herds in relation to lactation and reproduction status. 
¶Formerly from Pakistan. 
#Low density of camels and only sporadic contact between herds, with introduction of new animals only by purchase or livestock raiding, or restocking of 
camels. 
**Low density of camels but more frequent contact between herds than on ranches This includes encounters at waterholes and night enclosures, as well 
as sharing of pastures with daily to weekly contact between herds. 
††Isolated herd that originated in Wajir  but was kept under quarantine-like isolation conditions for experimental work since 1998. 

 

 
Table 2. Antibodies against MERS-CoV in dromedary camels in 2 regions of Kenya, 2000* 

Region County† Husbandry Sex Age 
No. samples positive by rELISA/no. 

tested (%) 
Eastern Marsabit Nomadic‡ F/M A 24/42 (57.1) 
   F/M J 15/31 (48.4) 
Subtotal     39/73 (53.4) 
Rift Valley Laikipia Ranch§ F/M A 2/28 (7.1) 
   F/M J 0/28 (0) 
Subtotal     2/56 (3.6) 
Total     41/129 (31.8) 
*MERS-CoV, Middle East respiratory syndrome coronavirus; rELISA, recombinant ELISA; A, adult; J, juvenile. 
†Designated county refers to place of sampling or location in which camels were primarily located. 
‡Frequent herd contacts. 
§Sporadic herd contacts. 

 



(11), our findings might facilitate the search for more an-
cestral MERS-CoV variants to clarify the natural history 
of acquisition of MERS-CoV by dromedary camels and its 
putative transmission to humans. Our recent finding of a 
MERS-CoV ancestor in bats from South Africa (3) high-
lights the need for wider investigations of viral reservoirs. 
The fact that no human MERS cases have been observed in 
eastern Africa could indicate less transmissibility of viruses 
in regional lineages or lack of detection and reporting of 
cases. Serosurveys of persons handling dromedary camels 
in this region could help to determine whether silent or un-
recognized infections are being maintained in humans.
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Shelter Dogs as 
Sentinels for  

Trypanosoma  
cruzi Transmission 
across Texas, USA

Trevor D. Tenney, Rachel Curtis-Robles,  
Karen F. Snowden, and Sarah A. Hamer

Chagas disease, an infection with the parasite Try-
panosoma cruzi, is increasingly diagnosed among humans 
in the southern United States. We assessed exposure of 
shelter dogs in Texas to T. cruzi; seroprevalence across di-
verse ecoregions was 8.8%. Canine serosurveillance is a 
useful tool for public health risk assessment.

The protozoan parasite Trypanosoma cruzi is the caus-
ative agent of Chagas disease, a neglected tropical dis-

ease affecting >8 million persons across Mexico and Central 
and South America. In the United States, estimates of human 
infection range from 300,000 to >1 million (1,2). Although 
immigrants exposed in Chagas disease-endemic regions con-
stitute the majority of infected persons in the United States, 
autochthonous transmission is increasingly recognized (3), 
and enzootic cycles involving infected wildlife reservoirs 
and domestic dogs occur across the southern United States. 
(4). Vectorborne transmission occurs through contamination 
of the bite site or mucous membranes with feces of infected 
hematophagous triatomines (“kissing bugs”). In addition, the 
parasite can be passed through consumption of infected bugs 
or contaminated food products, through blood transfusions, 
and congenitally (4).

Clinical manifestation in humans and dogs ranges 
from asymptomatic to acute myocarditis and sudden death 
to chronic progressive cardiac disease (5,6). No vaccine is 
available for humans or dogs. Drugs used to treat Cha-
gas disease in humans have not been approved by the US 
Food and Drug Administration and are available in the 
United States only through investigational protocols. The 
disease is notifiable in 4 states including Texas, where as 
of 2013, human and veterinary cases must be reported.

Texas is a high-risk state for transmission of T. cruzi 
to dogs, considering the diversity of triatomine vectors, 
reservoir hosts, and previous documentation of canine dis-
ease (5,7). Because dogs arriving at shelters may have high 

exposure to vectors, we expect that shelter dogs will pro-
vide a sensitive spatial index of Chagas disease risk across 
the landscape. The objective of this study was to measure 
T. cruzi seroprevalence in shelter dog populations across 
Texas.

The Study
To assess exposure to T. cruzi, we established a net-

work of 7 canine shelters in major cities and rural areas 
representing diverse ecoregions across Texas (8; Figure). 
Using a cross-sectional study design, we collected blood 
samples during May–August 2013 from ≤30 dogs at each 
shelter, in adherence with client-owned animal use proto-
cols approved by Texas A&M University Institutional Ani-
mal Care and Use Committee. Enrollment criteria for our 
study included dogs >6 months of age within 4 days of ad-
mittance to shelters. We detected exposure to T. cruzi using 
Chagas STAT-PAK, a commercially available rapid im-
munochromatographic test (Chembio Diagnostic Systems, 
Inc., Medford, NY, USA) that has been validated for use 
in dogs (9) and has high sensitivity and specificity when 
compared with conventional serologic techniques (10). To 
detect parasite DNA within blood, we followed this pro-
cess: a 200-mL aliquot of centrifuged blood, including the 
buffy coat, from a subset of seropositive and seronegative 
dogs across all shelters was subjected to DNA extraction 
and used as the template in a real-time quantitative PCR 
with a TaqMan probe to amplify a 166-bp repetitive se-
quence of satellite DNA specific to T. cruzi (11). Using a 
sequential testing approach, we subjected positive samples 
in the real-time quantitative PCR to a second confirmatory 
PCR using previously published TCZ primers to amplify a 
188-bp sequence of satellite DNA (12). Samples positive 
by both assays were considered to contain T. cruzi DNA 
within the blood.

A total of 205 blood samples were collected from 
shelter dogs. Dogs enrolled in the study ranged from 6 
months to 13 years of age and represented diverse breed 
groups. A total of 18 (8.8%) dogs were seropositive for T. 
cruzi antibodies. Seropositive dogs were found at all shel-
ters within the network; shelter prevalence ranged from 
6.7% to 13.8% (Table). Using logistic regression, we 
found no differences in the odds of seropositivity across 
location, sex, age category, breed group, and dog origin 
(Table). In a subset of 50 dogs, including 14 seroposi-
tive and 36 seronegative dogs, 3 (6%) blood samples were 
positive for T. cruzi DNA by both PCR methods, each 
with similar cycle threshold values indicative of ≈50 para-
site equivalents of DNA per mL of blood. PCR-positive 
dogs included 2 male and 1 female dog of sporting and toy 
breeds from shelters A, C, and F, ranging in age from 1.5 
to 7 years. Of these 3 dogs, 1 was serologically positive 
for antibodies against T. cruzi.
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Additionally, we observed very faint-colored bands on 
serologic dipsticks in samples from 26 dogs that are not 
included in the overall seroprevalence estimate. Because 
we were uncertain of how to interpret antibody presence in 

these samples, we submitted a subset (n = 11) for indirect 
fluorescent antibody testing at the Texas Veterinary Medical 
Diagnostic Laboratory, of which 4 samples (36.3%) tested 
positive. Although cross-reactivity cannot be ruled out by 
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Figure. Locations of canine shelters 
within Texas, USA, 2013. Shelters 
(A–G) are distributed across 7 of the 
10 Gould Ecoregions of Texas (9), Map 
obtained from Texas Parks and Wildlife 
Department (http://www.tpwd.texas.
gov/publications/pwdpubs/media/pwd_
mp_e0100_1070ad_08.pdf).

 
Table. Logistic regression model for risk for Trypanosoma cruzi seropositivity from 205 dogs across Texas, USA, 2013 
Risk factor No.* No. seropositive (%) Odds ratio 95% CI p value 
Location (Figure label)      
 El Paso (A) 29 2 (6.9) 0.69 0.11–4.47 0.69 
 Fort Worth (B) 30 2 (6.7) 0.67 0.10–4.30 0.67 
 Dallas (C) 30 3 (10.0) 1.04 0.19–5.59 0.97 
 San Antonio (D) 29 4 (13.8) 1.49 0.30–7.33 0.62 
 College Station (E) 31 3 (9.7) Referent Referent Referent 
 Houston (F) 26 2 (7.7) 0.78 0.12–5.05 0.79 
 Edinburg (G) 30 2 (6.7) 0.67 0.10–4.30 0.67 
Sex      
 F 105 9 (8.6) Referent Referent Referent 
 M 96 9 (9.4) 1.10 0.41–2.95 0.84 
Age†      
 <2 y 115 8 (7.0) Referent Referent Referent 
 >2 y 84 10 (11.9) 1.81 0.68–4.94 0.23 
Breed group‡      
 Herding and working 53 5 (9.4) Referent Referent Referent 
 Hound, nonsporting, and toy 43 4 (9.3) 0.98 0.23–3.96 0.98 
 Sporting 44 6 (13.6) 1.52 0.43–5.62 0.52 
 Terrier 56 1 (1.8) 0.17 0.01–1.13 0.12 
Origin      
 Owner surrender 40 3 (7.5) Referent Referent Referent 
 Stray 137 10 (7.3) 1.08 0.32–4.94 0.91 
 Transfer from another shelter 21 4 (19.0) 2.9 0.58–16.13 0.19 
*Sample size for some variables does not equal 205 because complete information was not available for all dogs. 
†Age category was estimated on the basis of patterns of dentition and tooth wear. 
‡Most dogs were mixed breed on the basis of appearance; American Kennel Club breed group assignment is based on dominant breed features. 
 



Shelter Dogs and T. cruzi Transmission

using the indirect fluorescent antibody technique, these datas 
uggest that the seroprevalence we report (8.8%) is a con-
servative estimate.

Conclusions
Shelter dogs had widespread exposure to T. cruzi 

across 7 ecologic regions in Texas, with a conservative 
statewide average of 8.8% seroprevalence. The presence 
of seropositive dogs across all sampled regions, age class-
es, breed groups, and canine origins suggests that eco-
logic requirements for parasite transmission to dogs are 
not constrained to focal areas or particular breed groups. 
Although the travel histories of dogs in our study are un-
known, the presence of antibodies in dogs across all age 
classes, including young dogs that are less likely to have 
traveled, suggests local exposure. Furthermore, at least 
some shelters are located in regions in which kissing bugs 
have previously been reported (7). The only published 
prospective seroprevalence study of dogs from 1 county 
in south Texas reported a seroprevalence of 7.5% (n = 375 
stray dogs) (13), similar to our statewide average. Across 
2 regions in Mexico, including 1 where Chagas disease 
was previously considered nonendemic, seroprevalence 
of T. cruzi in canines ranged from 17.5% to 21% and was 
directly correlated with T. cruzi seroprevalence in humans 
in these regions (14). Further research is needed to quan-
tify the association between infection of canines with T. 
cruzi and risk for Chagas disease among humans in the 
United States.

The widely accepted concept of Chagas disease is that 
T. cruzi infection is lifelong, which is supported by con-
tinuous detection of antibody presence within hosts. De-
spite detection of antibodies in dogs sampled across the 
state, parasite DNA was detected in the blood of only 3 
dogs. Limited experimental investigations of T. cruzi in-
fection of dogs indicate that parasitemia is detectable cy-
tologically as soon as 3 days after inoculation and lasts 
<3 weeks (5), after which the parasite localizes in tissues 
and parasitemia is undetectable. Our observations suggest 
that most seropositive dogs were not in the acute phase of 
the infection at the time of sampling. Although domestic 
dogs have been shown to serve as reservoir hosts in some 
regions of Central and South America (15), the importance 
of dogs relative to wildlife hosts as reservoirs in the United 
States is unknown.

Dogs that arrive at shelters, especially stray dogs, are 
likely to have had increased exposure to the outdoors and 
vectors and have been shown to have higher exposure to 
vectorborne pathogens than client-owned dogs that are 
brought to veterinary clinics (16). Shelter dogs, therefore, 
provide a sensitive population for assessment of local ca-
nine transmission risk, and we suggest that awareness of 
kissing bugs and Chagas disease risk among citizens and 

the medical community should be heightened in areas 
where seropositive dogs are detected.
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We surveyed morphologic alterations in calves in Bel-
gium that were naturally infected in utero by Schmallenberg 
virus (SBV) and born with deformities during January–
March 2012. SBV-specific RNA was distributed unevenly 
in different tissues. Natural intrauterine SBV infection of 
calves might cause serious damage to the central nervous 
system and muscles.

During summer and fall 2011, a nonspecific febrile syn-
drome characterized by hyperthermia and decreased 

milk production was reported in adult dairy cows from 
farms in the Netherlands and Germany (1,2). In Novem-
ber 2011, an enzootic outbreak of abortions, stillbirths, and 
term births of lambs, kids, and calves that exhibited neuro-
logic signs and/or musculoskeletal malformations emerged 
throughout northwestern Europe (3,4). Both syndromes 
were associated with the presence in the blood (adults) or 
in the central nervous system (CNS) (newborns) of the ge-
nome of a new orthobunyavirus, which was named Schmal-
lenberg virus (SBV) after the place where the first positive 
samples were collected (3,4). SBV belongs to the Simbu 
serogroup (5) and, like its phylogenetic relatives Akabane 
and Aino viruses, can cross the placenta (6). Because this 
new viral disease of ruminants emerged 3 years ago, in-
formation is limited. We comprehensively surveyed mor-
phologic alterations in calves naturally infected in utero. In 
addition, we report the distribution of SBV-specific RNA in 
the different tissues of these calves, which has implications 
for diagnosis.

The Study
In Belgium each year during January–June, field vet-

erinarians refer ≈30 newborn calves per month for necropsy 
to the University of Liège Faculty of Veterinary Medicine 

(Liège, Belgium). During January–March 2012, the conse-
quences of SBV infection on bovine fetuses were not yet 
known, which prompted the staff to look systematically for 
the new virus in all deformed calves and in calves that died 
spontaneously without obvious cause. Among the 67 ani-
mals in these categories, SBV genetic material was detected 
in 15 calves by reverse transcription quantitative PCR, and 
IgG specific for SBV nucleoprotein was systematically high-
lighted in their serum by ELISA. In addition, all attempts to 
retrieve the genetic material of bluetongue virus 8 and bovine 
viral diarrhea virus from the tissues of these 15 seropositive 
calves failed. None of these calves carried the mutation re-
sponsible for noninfectious arthrogryposis in local livestock. 
These 15 calves, in which both SBV RNA and antibodies 
against SBV were detected, are the subject of this study.

Detailed information about the methods used to ex-
amine the calves is available in online Technical Appen-
dix 1 (http://wwwnc.cdc.gov/EID/article/20/8/12-1890-
Techapp1.pdf). A detailed description of the lesions found 
in SBV-infected calves is provided in online Technical 
Appendix 2 (http://wwwnc.cdc.gov/EID/article/20/8/12-
1890-Techapp2.pdf).

SBV-positive animals weighed significantly less than 
expected (32 kg + 15 kg vs. 49 kg + 4 kg, p<0.05). The 
body mass deficit, severity of deformities in whole-body 
conformation, and amount of skeletal muscle were obvi-
ously correlated (Table 1; online Technical Appendix 3 
Figure 1, http://wwwnc.cdc.gov/EID/article/20/8/12-1890-
Techapp3.pdf).

We observed overall permanent deviations of the axial 
skeleton in all 3 planes (online Technical Appendix 3 Fig-
ure 2), the most common being a lateral deviation of the 
cervical spine (torticollis). In the most distorted animals, 
the torticollis was accompanied by a dorso-ventral devia-
tion of the thoracolumbar spine. Most SBV-infected calves 
displayed joint fixation of 1 or all joints of >1 limbs (arthro-
gryposis). Tendons spanning fixed joints were shorter than 
expected, and corresponding muscles displayed decreased 
mass and altered color. Often the animal’s head was dis-
torted, having a horse-like or pig-like shape, brachygna-
thism, prognathism, and/or diverging sagittal axes (online 
Technical Appendix 3 Figure 3).

We systematically observed major alterations after we 
opened the skull and spinal canal (Figure 1; online Techni-
cal Appendix 3 Figure 4). These changes involved the spi-
nal cord and the telencephalon, whereas the brainstem and 
cerebellum were kept intact (although 1 cerebellum was 
hypoplastic). We consistently observed a decrease in the 
cross-sectional area of the spinal cord (Figure 2), which cor-
related positively with the magnitude of axial/appendicular  
musculoskeletal deformities (online Technical Appendix 
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3 Figure 5). The neopallial part of the telencephalon was 
always decreased, giving 3 distinct morphotypes. In some 
calves, we detected multiple, bilateral, and randomly located 
cystic cavities, most of which communicated with the ipsi-
lateral ventricle (porencephaly). In other cases, all that re-
mained from the neopallium was a thin, nearly transparent 
membrane, sometimes with a few floating smooth-surfaced 
islets resembling cortex (hydranencephaly). Finally, in a 
third subset of calves, the brain appeared normal, but we ob-
served a severe, bilateral, and symmetric dilatation of lateral 
ventricles after section (hydrocephaly).

Microscopic examination of the spinal cord revealed a 
significant decrease in neuron numbers, the magnitude of 
which correlated positively with the severity of whole-body 
deformities (Table 2). Muscle sections displayed a diffuse 
pattern of increased fiber size variation with connective 
tissue and adipocyte infiltrations (online Technical Appen-
dix 4 Table 1, http://wwwnc.cdc.gov/EID/article/20/8/12-
1890-Techapp4.pdf).

The viral RNA was always present in the CNS and 
sometimes in the lungs and colon (online Technical Ap-
pendix 4 Table 2). When the entire cohort was considered, 
SBV was detected in all parts of the CNS. When we exam-
ined the animals individually, however, the detection rate 
varied depending on the segment (online Technical Ap-
pendix 4 Table 2). The virus was almost always detected 
in the spinal cord (93%) and the neopallium (87%); often 
in the midbrain (83%) and pons (67%); and about half the 
time in the diencephalon, cerebellum, and paleopallium. 
The practical implications of these findings for routine di-
agnosis are highlighted separately (online Technical Ap-
pendix 5, http://wwwnc.cdc.gov/EID/article/20/8/12-1890-
Techapp5.pdf).

Conclusions
Our findings show that natural in utero infection of 

the bovine fetus by SBV may result in serious damage to 
the CNS and muscles. Mechanistic hypotheses that could 
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Table 1. Macroscopic characteristics of 15 SBV-infected newborn calves at necropsy, Belgium, January–March 2012* 
Characteristic WBD-0† WBD-1† WBD-2† WBD-3† Total no. calves 
No. calves 2 4 4 5 15 
Method of death      
 Euthanasia 2 3 0 0 5 
 Spontaneous 0 1 4 5 10 
Bodyweight, kg‡§ 49 ± 4 39 ± 3 34 ± 3 21 ± 2  
Axial musculoskeletal system      
 Defect location      
  Cervical 0 2 4 5 11 
  Thoracic 0 0 2 5 7 
  Lumbar 0 0 0 5 5 
 Type of deviation      
  Lateral 0 2 4 5 11 
  Dorso-ventral 0 0 1 4 5 
  Helicoidal 0 0 1 4 5 
Appendicular musculo-skeletal system      
 Arthrogryposis (>1 limb involved) 0 3 4 5 12 
 Symetric limb involvement NA 3 3 5 11 
 Forelimb/hind limb involvement NA 0 1 5 6 
  Forelimbs only NA 2 3 0 5 
  Hind limbs only NA 1 0 0 1 
Head      
 Coaptation defect      
  Prognathism 0 0 0 1 1 
  Brachygnathism 0 1 1 2 4 
 Altered profile      
  Horse-like 0 1 1 0 2 
  Pig-like 0 0 0 2 2 
 Broken sagittal axis 0 1 2 2 5 
Central nervous system      
 Porencephaly 2 3 3 1 9 
 Hydranencephaly 1 1 0 1 3 
 Hydrocephaly 0 0 1 4 5 
 Cerebellar hypoplasia 0 0 0 1 1 
 Micromyelia 2 4 4 5 15 
*Fifteen newborn calves infected in utero by SBV were categorized according to the extent of their deformities. The table lists the gross morphologic 
changes observed at necropsy. SBV, Schmallenberg virus; WBD, whole-body deformity score; NA, not applicable. 
†Animals with neurologic signs and apparently normal body shape were given a WBD of 0; those with altered body shape were scored 1, 2, or 3 
depending on whether 1, 2, or 3 skeletal segments were deformed, respectively (spine, forelimbs, or hind limbs). All values are number of calves unless 
otherwise indicated. 
‡Mean + SD. 
§Bodyweight of age-matched Belgian Blue healthy calves is 49.2 kg + 7.1 kg (7). 
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explain these alterations are discussed in online Technical 
Appendix 6 (http://wwwnc.cdc.gov/EID/article/20/8/12-
1890-Techapp6.pdf). Similar to the situation with Aka-
bane virus infection (8), the clinical picture shown by in 
utero SBV-infected newborn calves is likely to depend 
largely on the age of the fetus at the time of infection. The 
infection must be quickly contained if the fetus is infected 
when immunocompetent (>120–150 days after concep-
tion), and we deduce that damages inflicted by the virus 
consequently have no or little effect on its further devel-
opment. Conversely, the infection probably spreads more 
easily and lasts much longer if the virus contaminates an 
immunologically immature fetus. Because transplacental 
infection is possible only when the first placentome is 
present (30 days after conception in cattle), the window 
during which the infection of a bovine fetus might lead 
to a porencephaly/hydranencephaly-micromyelia-arthro-
gryposis syndrome ranges from 30 to 150 days after con-
ception. The degree of overall body deformity correlated 
with a progressively greater reduction in the size of the 

spinal cord (as determined by spinal cord:foramen mag-
num ratio) and with fewer spinal neurons, suggesting that 
the lack of movement leading to arthrogryposis results 
directly from the spinal cord lesions, leading to denerva-
tion atrophy of skeletal muscle. This primary role for the 
spinal cord lesion is further supported by the tendency 
of forelimbs and hind limbs to be affected bilaterally be-
cause muscle involvement might be expected to lead to 
more randomly distributed lesions.

When SBV virus infects the bovine fetus during the risk 
window mentioned above and causes neuromuscular de-
fects, its genetic material remains detectable at term—thus 
4 months later—at a minimum. The physical form of this 
persisting virus and the way it persists in the face of the se-
roconversion are unknown. The hypothesis of the existence 
of sites of persistence must be addressed, for example, in the 
CNS (≈90% of cases were virus positive at term) or lungs 
(≈30%). In practice, a priority is to establish whether SBV 
persists in calves infected in utero but born asymptomatic.
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Figure 1. Deformities of the brain in calves naturally infected in 
utero with Schmallenberg virus, Belgium, January–March 2012. 
 A) Hydranencephaly. B) Hydrocephaly and cerebellar hypoplasia. 
C) Porencephaly.

Figure 2. Micromyelia. Age- and site-matched spinal cord 
transversal histologic section at the level of C4. Left, control calf; 
right, Schmallenberg virus (SBV)–infected calf. Note atrophy/
hypoplasia and prominent deficiency of stainable myelin in ventral 
and lateral tracts of SBV-infected calf. Luxol fast blue staining.
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Table 2. Correlation between spinal neuron counts and axial muscle histologic changes in 15 SBV-infected newborn calves, Belgium, 
January–March 2012* 

Structure examined 
Control 
calves 

WBD/calf ID 
WBD-0  WBD-1  WBD-2  WBD-3 
A B  C D E F  G H I J  K L M N O 

Axial muscles, histology                    
 Musculus semispinalis capitis, cas 0 NT 0  0 0 3 0  3 3 NT 3  3 3 3 3 3 
 Musculus semispinalis capitis, ces 0 NT 1  0 0 2 0  3 3 NT 3  3 3 3 3 3 
Spinal cord                    
 Dorsal horn neurons, no.                    
  Left dorsal horn 12 + 5 NT 11  21 4 5 10  5 1 NT 4  0 0 0 7 3 
  Right dorsal horn 11 + 4 NT 23  17 6 5 10  7 3 NT 5  1 0 0 5 0 
 Ventral horn neurons, no.                    
  Left ventral horn 50 + 10 NT 56  57 15 1 45  9 1 NT 0  0 0 0 7 0 
  Right ventral horn 50 + 4 NT 47  55 14 3 31  7 0 NT 0  0 0 0 4 0 
*Extent of histologic changes was reported semiquantitatively by using a score of 0, 1, 2, or 3 depending on whether the histologically normal tissue 
extended over 100%, 75%–100%, 25%–75%, or <25% of the area examined and intensity of shading reflects these values. Neurons were enumerated in 
transverse sections of the spinal cord corresponding to C4. Intensity of shading reflects the magnitude of neuron deficits. SBV, Schmallenberg virus; 
WBD, whole-body deformity score; NT, not tested; cas, concave side; ces, convex side. 
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Role of Migratory 
Birds in Spreading  

Crimean-Congo 
Hemorrhagic Fever, 

Turkey
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We investigated migratory birds’ role in spreading 
Crimean-Congo hemorrhagic fever virus (CCHFV) through 
attached ticks. We detected CCHFV RNA in ticks on mi-
gratory birds in Turkey. Two isolates showed similarity with 
CCHFV genotype 4, suggesting a role for ticks in CCHFV 
epidemics in Turkey and spread of CCHFV by birds.

Crimean-Congo hemorrhagic fever (CCHF), an illness 
characterized by fever and hemorrhage, is caused by 

CCHF virus (CCHFV) (family Bunyaviridae, genus Nai-
rovirus). CCHFV has been isolated from many species of 
ticks, primarily Hyalomma spp (1). In Turkey, CCHFV 
has been detected mostly in Hyalomma spp. ticks (2). Al-
though CCHF is common in Turkey, Iran, Pakistan, and 
Afghanistan, sporadic cases are reported from the neigh-
boring countries and the Balkans (1). No case was reported 
before 2002 from Turkey, but the annual number of cases 
increased exponentially until 2009. A total of 7,192 CCHF 
cases were reported during 2002–2012 to the Ministry of 
Health (Turkish Ministry of Health, unpub. data).

CCHF is encountered in the inner parts of the Black 
Sea and Middle Anatolia regions, which provide a suitable 
climate for Hyalomma spp. ticks. Infected ticks carrying 
the virus might have been transported to Turkey on migra-
tory birds. Turkey is a land bridge on this primary migra-
tion route for many migratory birds breeding in the Palearc-
tic and wintering in Africa (3).

The role of infected ticks carried on migratory birds 
has not been investigated as a cause for increased CCHF in 
Turkey. Our aim was to investigate the role of the migra-
tory birds in spreading CCHFV through attached ticks.

The Study
Birds were caught by mist-nets, banded (ringed), and 

examined for ticks at the Cernek Bird Ringing Station 
(41°36’N, 36°05’E) in the Kizilirmak Delta in Turkey, an 
internationally important wetland area for birds (4). We 
conducted the study during the spring and autumn migra-
tion seasons in 2010 and 2011 and in spring 2012. Bird 
species and number of ticks on each species were recorded. 
Each tick was speciated by examining morphologic charac-
teristics under stereomicroscope (5).

The identified ticks were placed in tubes with steel 
beads and homogenized at the maximum speed (50 Hz) for 
10 min in TissueLyser LT device (Qiagen, Hilden, Ger-
many). RNA was isolated according to the manufacturer’s 
recommendations by using High Pure Viral Nucleic Acid 
Kit (Roche Applied Science, Mannheim, Germany), but as 
a small modification, the homogenized tick mixture was 
kept at 37°C for 1 h.

In accordance with the manufacturer’s recommenda-
tions, we obtained viral cDNA using the RevertAid First 
Strand cDNA Synthesis Kit (Thermo Scientific, Vilnius, 
Lithuania). Real-time PCR was performed by using the 
combination of primer pairs and the FastStart TaqMan 
Probe Master Kit (Roche Applied Science), as described by 
Yapar et al. (6), for each tick sample. cDNA from patient 
samples, which previously had been determined as posi-
tive, were used as the positive control sample.

We performed conventional PCR only on positive 
samples obtained from real-time PCR. CCHFV small (S) 
segment (encoding for the nucleocapsid protein) specific 
primer pairs (F3: 3′-GAATGTGCATGGGTTAGCTC-5′ 
and R2: 3′-GACATCACAATTTCACCAGG-5′) and 
same PCR conditions defined by Schwarz et al. (7) were 
used in the PCR. Sequence analysis was performed on the 
≈260-bp PCR product, when positivity was detected, by 
using the primers of F3 and R2 in the ABI 310 Genetic 
Analyzer (Applied Biosystems, Foster City, CA, USA).

Sequences organized by using Chromas Lite Program 
(http://technelysium.com.au) were entered in GenBank. 
Our sequences and GenBank sequences were aligned in 
MEGA 5.1 (http://www.megasoftware.net), and the phy-
logenetic tree was drawn on the basis of the 260 bp of the 
S segment of the CCHFV genome. To compare the se-
quences and phylogenetic analysis, we used the maximum-
likelihood method.

We found attached ticks on 65 (0.5%) of the 13,377 
captured and banded birds, which represented 17 species. 
A total of 188 ticks collected on these birds belonged to 
Ixodes, Hyalomma, Haemaphysalis, and Rhipicephalus 
genera (Table). Only 2 ticks (Hyalomma sp. and Ixodes sp.) 
were CCHF positive by PCR.

CCHFV (Samsun T3–2010 and Samsun T18–2010) 
was detected in Hyalomma spp. (nymphs) (21 [4.8%] ticks) 
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and Ixodes spp. (nymphs) (127 [0.8%]) on great reed war-
blers (Acrocephalus arundinaceus) (9.7% of banded birds) 
and on European robins (Erithacus rubecula) (0.5% of 
banded birds), respectively.

The Samsun CCHFV partial sequences of the S seg-
ments obtained in this study have been deposited in Gen-
Bank under the accession nos. KF727976 and KF727977. 
CCHFV are distributed within 7 different genotypes in 
the world. The CCHFV sequences obtained in the present 
study belong to genotype 4 (Figure 1).

Conclusions
We detected CCHFV RNA in Hyalomma spp. 

(nymphs) collected on great reed warblers and in Ixodes 
spp. (nymphs) on European robins, which migrate across 
Turkey twice a year en route from their breeding sites to 
their wintering sites (Figure 2) and back. The probability 
of CCHFV transportation by ticks among different regions 
and countries is high during migration of both bird species. 
Because these birds stop several times during migration 

(9), CCHF in Europe possibly could increase, especially at 
the stopover sites in southern Europe, which provide suit-
able ecologic environments.

Although Hyalomma ticks are the most commonly en-
countered ticks that carry CCHFV in Turkey, the virus also 
was detected in ixodid ticks, such as Rhipicephalus spp. and 
Haemaphysalis spp. picked up from humans and animals 
(10). Also, Albayrak et al. (11) detected CCHFV in I. ricinus 
ticks. Because the 2 sequences detected showed similarity 
with CCHFV genotype 4, which was widespread in Turkey 
(1), whether the ticks were infected in Turkey or infected 
earlier during bird migration is impossible to say. Other stud-
ies have shown that CCHFV could be transported by ticks 
on birds (12–14). By itself, transportation of infected ticks 
by birds might not be sufficient to cause the epidemics in 
Turkey, but along with this, climate changes, environmental 
changes, increased number of sensitive animals, and tick and 
animal movements might play a role in spreading CCHF (1).

In ecologically important regions, such as the Kizilir-
mak Delta, where resident and migratory birds are mixed, 
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Table. Ticks collected on migratory birds in a study of the role of migration in spreading Crimean-Congo hemorrhagic fever, Turkey 

Bird (species) 
No. infested/no. 

captured (%) 
Mean 

Intensity* 

Tick characteristic† 

Species 
Age, no.  Sex, no. 

Larvae Nymph  F M 
Common blackbird (Turdus merula) 17/514 (3.3) 6.8 Ixodes hexagonus    3  
   I. ricinus    6  
   Ixodes spp. 9 95    
   Rhipicephalus bursa     1 
   Haemaphysalis spp. 2     
Song thrush (T. philomelos) 2/238 (0.8) 1 Ixodes spp.  2    
Thrush nightingale (Luscinia luscinia) 1/150 (0.7) 1 Hyalomma sp.    1  
Common redstart (Phoenicurus 
phoenicurus) 

3/457 (0.7) 1.7 I. ricinus    1  

   Ixodes sp.  1    
   Hyalomma spp.  3    
European robin (Erithacus rubecula) 16/3,106 (0.5) 1.4 I. hexagonus    2  
   I. ricinus    2 1 
   Ixodes spp.‡ 1 16    
European pied flycatcher (Ficedula 
hypoleuca) 

1/58 (1.7) 11 Hyalomma spp.  11    

Common chaffinch (Fringilla coelebs) 2/194 (1.0) 1 I. hexagonus    1  
   Ixodes sp.  1    
Dunnock (Prunella modularis) 1/41 (2.4) 1 Ixodes sp.  1    
Eurasian blackcap (Sylvia atricapilla) 8/1,478 (0.5) 1 I. hexagonus    1  
   I. ricinus     1 
   Ixodes spp. 1 5    
Garden warbler (S. borin) 2/1,183 (0.2) 1 Ixodes spp.  2    
Lesser whitethroat (S. curruca) 1/154 (0.7) 1 Ixodes sp. 1     
Common chiffchaff (Phylloscopus 
collybita) 

1/1,104 (0.1) 2 Ixodes spp. 2     

Great reed warbler (Acrocephalus 
arundinaceus) 

3/30 (10.0) 2.7 Hyalomma spp.‡  6  2  

Savi’s warbler (Locustella luscinioides) 2/20 (10.0) 1 I. ricinus    1  
   Ixodes sp.  1    
Cetti’s warbler (Cettia cetti) 3/187 (1.6) 1 Ixodes spp.  3    
Eurasian blue tit (Cyanistes caeruleus) 1/10 (10.0) 1 I. hexagonus    1  
Red-backed shrike (Lanius collurio) 1/193 (0.5) 1 Hyalomma sp.  1    
Total 65/9,117 (0.7)   16 148  21 3 
*Mean overall intensity of infestation per bird species. 
†Blank cells indicate no data. 
‡One tick was CCHFV-positive by PCR. 
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different microorganisms or ticks can be transferred among 
birds, and then carried by birds for long distances. There-
fore, knowing migration routes and what pathogens birds 
are infected with may help predict future epidemics in vari-
ous countries and provide highlight the geographic regions 
where diseases could be detected (15).
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Figure 1. Phylogenetic tree of nucleotide sequences of CCHFV. 
Phylogenetic tree based on the 260 bp of the small segment 
of the CCHFV genome. The multiple sequence alignment was 
obtained by using MEGA 5.1 (http://www.megasoftware.net), and 
the phylogenetic tree was constructed by the maximum-likelihood 
method using 1,000 bootstrap replicates of the sequence data. 
The tree is drawn to scale with branch length in the same unit as 
those of the evolutionary distance used to infer the phylogenetic 
tree. The phylogenetic tree includes the 7 genotypes described 
by Mild et al. (8). Bootstrap confidence limits (>50) are shown at 
each node. The geographic origin is given for each sequence. The 
CCHFV Samsun Turkey described in this report is shown by the 
diamond. Scale bar indicates number of nucleotide substitutions 
per site. CCHFV, Crimean-Congo hemorrhagic fever; S., South; 
C., Central.
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Figure 2. Migration patterns of birds carrying ticks with Crimean-Congo hemorrhagic fever virus. A) Great reed warbler (Acrocephalus 
arundinaceus) eastern migration routes (red lines), breeding grounds (yellow) and wintering areas (purple). Bodies of water are blue, and 
nonbreeding/nonwintering areas are light green. B) European robin (Erithacus rubecula) eastern migration routes (red lines), resident 
grounds (green), breeding grounds (yellow), and wintering areas (purple). Bodies of water are blue, and nonbreeding/nonwintering areas 
are light green.
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As malaria cases in Africa decline, other causes of 
acute febrile illness are being explored. To determine inci-
dence of Borrelia crocidurae infection during June 2010–
October 2011, we collected 1,566 blood specimens from 
febrile patients in Senegal.  Incidence was high (7.3%). 
New treatment strategies, possibly doxycycline, might be 
indicated for febrile patients.

As malaria cases decrease, the need for programs to 
study the roles of other causes of febrile syndromes in 

Africa increases (1). Other causes of fever in outpatients in-
clude typhoid and paratyphoid fevers; pneumococcal bac-
teremia; and a spectrum of viral infections, including influ-
enza, yellow fever, dengue, chikungunya, and Rift Valley 
fever (2). In preliminary studies, we detected the DNA of 
Borrelia crocidurae, Rickettsia spp., Tropheryma whipplei, 
and Coxiella burnetii in environmental samples and blood 
specimens from febrile patients in Senegal (3–6).

In western Africa, tick-borne relapsing fever (TBRF) 
is caused by B. crocidurae; this acute febrile illness pro-
duces multiple recurrences of nonspecific signs and symp-
toms, including fever, headache, myalgia, and arthralgia. 
After decades of neglect, TBRF has again been detected 
(7) and is thought to be one of the major causes of fever 
in Africa. The reported incidence rate for TBRF in west-
ern Africa is high, reaching 25 cases per 100 person-years 
or accounting for 13% of febrile illnesses treated at rural 
dispensaries (4,8). This incidence rate is even higher than 
that for TBRF caused by B. duttonii in eastern Africa (9). 
A study from Tanzania found B. duttonii DNA in 3.9% of 
blood samples (10).

In 2008, we began to create a network of rural dispen-
saries from which to recruit patients (Table; Figure 1). The 

5 study sites covered several ecosystems, ranging from dry 
Sahelian in northern Senegal (Keur Momar Sarr, Niakhar, 
and Sine-Saloum) to humid sub-Guinean in southern Sen-
egal (Casamance and Kedougou). Two seasons are typi-
cal: dry (November–May) and rainy (June–October). The 
National Ethics Committee of Senegal approved the study 
(11,12). Since 2010, the populations of both villages in 
Sine-Saloum (Dielmo and Ndiop) have benefited from rou-
tine rapid point-of-care laboratory diagnostics (12). 

The Study
From June 2010 through October 2011, fingerstick 

blood samples (200 mL) were collected from 1,549 febrile 
patients (axillary temperature >37.5°C) at 14 dispensaries 
and 91 randomly selected healthy villagers in Senegal. Sam-
ples were subjected to DNA extraction. Digesting, binding, 
and washing were performed directly in the village dispensa-
ries by use of the QIAamp kit (QIAGEN, Hilden, Germany) 
as previously reported (6). DNA elution was performed at 
Aix-Marseille Université in Marseille, France. Quantitative 
PCR (qPCR) was performed by using primers and probes 
specific for the genus Borrelia. All samples positive for Bor-
relia spp. were subjected to standard PCR (flaB gene) (4). To 
determine the quality of the extracted DNA, we also mea-
sured the human actin gene (5). The samples were consid-
ered positive only if qPCR and flaB-based PCR results were 
positive; the sequencing of all flaB amplicons demonstrated 
that they belonged to B. crocidurae. 

Isolation of borreliae involved intraperitoneal inocula-
tion of laboratory BALB/c mice with 100 mL of patient 
capillary blood.  Borreliae in mice were detected by mi-
croscopic examination of Giemsa-stained peripheral blood 
smears followed by qPCR of blood samples. 

The sex ratio for the 1,549 patients did not differ sig-
nificantly among sites (772 male and 777 female patients). 
An analysis of 6 age groups (<12 months, 1–3 years, 4–6 
years, 7–15 years, 16–29 years, and >30 years) showed no 
differences among sites. All tested samples from clinically 
healthy persons had negative qPCR results for borreliae.

The incidence rate was calculated as the number of 
febrile episodes divided by the person-time multiplied by 
1,000 (data available only for the Sine-Saloum site). The 
incidence rate of febrile episodes was 0.80 in Dielmo and 
0.36 in Ndiop (p<0.05). Among the 1,566 samples tested, 
115 (7.3%) were positive for B. crocidurae. The incidence 
rate for TBRF was 9.7 cases/100 persons in Dielmo and 2.4 
cases/100 persons in Ndiop. The first autochthonous cases 
in Ndiop, which was previously considered borreliosis free, 
were observed in October 2010; incidence was significant-
ly lower in Ndiop than in Dielmo (p<0.05). All cases reg-
istered in Ndiop before October 2010 were included in the 
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epidemiologic investigation and considered to be imported. 
The proportion of the Borrelia-positive samples was sig-
nificantly higher for northern sites with a drier Sudanian 
climate; positivity reached 19.1% (33/173) in Niakhar 
(Table). By analyzing the epidemiologic questionnaires 
completed by families of ill persons, we determined that 
the 2 TBRF cases in Casamance were imported from the 
northern regions of Senegal by seasonal workers.

Patients most frequently infected were 7–15 years of 
age (13.5%, 43/318), unlike in eastern Africa where young-
er persons are more frequently infected (9). No positive re-
sults were found among the 155 children <12 months of 
age, but positive results were found for 16 (4.8%) of the 
352 children 1–3 years of age (p<0.05). Unlike in other 
northern regions, in Sine-Saloum, the proportion of Bor-
relia-positive samples was significantly higher for samples 
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Table. Rural health centers and laboratories participating in study of Borrelia crocidurae infection in acutely febrile patients, Senegal, 
June 2010–October 2011* 

Study site 
District/dept/ 

region 
District 

pop Climate/ vegetation 
Precip, 
mm/y Health center Coord Other IR 

Sine-
Saloum 

Toubacouta/ 
Foundiougne/ 

Fatick 

120,554 Sudanian/wooded 
savannah 

939 Dielmo 13°43′N, 16°24′W POC 10.5 
(70/669) Ndiop 13°41′N, 16°23′W  

Niakhar Niakhar/ 
Fatick and 
Niakhar/ 
Fatick 

69,446 Sahelo-
Sudanian/wooded 

steppe 

757 Toucar 14°32′N, 16°28′W  19.1 
(33/173) Diohine 14°30′N, 16°30′W  

Ngayokheme 14°32′N, 16°26′W  
Niakhar† 14°28′N, 16°23′W DNA 

extraction 
Casamance Loudia-Oulof/ 

Oussouye/ 
Ziguinchor 

57,505 Sub-
Guinean/primary and 

secondary gallery 
forests 

1,432 Mlomp 12°33′N, 16°34′W DNA 
extraction 

0.6 
(2/315) 

Kagnout 12°33′N, 16°37′W  
Elinkine 12°30′N, 16°39′W  

Kedougou Bandafassi/ 
Kedougou/ 
Kedougou 

20,021 Sudano-
Guinean/woodland, 
wooded savannah 

1,189 Bandafassi 12°32′N, 12°18′W DNA 
extraction 

0.4 
(1/246) 

Ibel 12°30′N, 12°22′W  
Tiabeji 12°38′N, 12°25′W  

Keur 
Momar Sarr 

Keur Momar 
Sarr/Louga/ 

Louga 

70,743 Sahelian/steppe type 400 Keur Momar 
Sarr 

15°55′N, 15°58′W DNA 
extraction 

5.5 
(9/163) 

Loboudou 15°57′N, 15°55′W  
Ganket Balla 15°58′N, 15°55′W  

*Climate information obtained from http://www.au-senegal.com/IMG/png/climat.png; demographic data obtained from the National Agency of Statistics 
and Demography of Senegal (http://www.ansd.sn). Dept, department; pop, population; precip, precipitation; coord, coordinates; IR, B. crocidurae 
incidence rate, % (no. tested/no. positive); POC, point-of-care laboratory. 
†No patient recruitment at this site. 

 

Figure 1. Incidence of tick-borne 
relapsing fever at study sites, 
according to season, Senegal, 
June 2010–October 2011. Map 
reproduced from Bing Maps 
(http://www.bing.com/maps/). 
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collected during the dry (16.9%, 40/237) than the rainy sea-
son (6.9%, 30/432); p<0.0001 (Figure 1).

We identified 20 patients (49 samples) for whom 2–4 
samples were positive for B. crocidurae. The interval be-
tween the sample collections was short (5–30 days) for 13 
persons, average (30–66 days) for 4 persons, and long (102–
381 days) for 3 persons. Two Borrelia isolates (no. 03–02 
from Ndiop and no. 19/31 from Dielmo) were recovered 
from the peripheral blood of 2 febrile patients. The bacte-
ria had a morphologic appearance that was typical for bor-
reliae (Figure 2). A BLAST (http://blast.ncbi.nlm.nih.gov/
Blast.cgi) search for the sequenced flaB gene (JX119098) 
demonstrated that the isolates were nearly identical with 
the type Achema strain of B. crocidurae (CP003426).

Conclusions
We detected an alarmingly high proportion of Borrelia 

DNA in the blood of febrile patients in Senegal. The pres-
ence of this DNA is strongly and specifically linked to the 
fever because no Borrelia DNA was identified among the 
90 control participants. In Tanzania, however, borreliae 
have been identified in up to 33% of blood samples ob-
tained from asymptomatic blood donors who lived in simi-
lar conditions as ill persons (13).

The geographic repartition of TBRF is linked to dri-
er climates (9). We observed autochthonous cases only in 
northern Senegal, roughly north of the 13°30′ parallel. We 
noted the recent extension of B. crocidurae into the vil-
lage of Ndiop, which had been free of B. crocidurae. This 
extension might be linked to recent climate changes (14). 
The person-year incidence of borreliosis in our study (6.1 

cases/100 population) is similar to that reported by Vial et 
al. (4 cases/100 population) for the interepidemic period (8).

We report a unique series of cases in which Borrel-
ia DNA was identified several times consecutively in the 
blood of the same patient. For 17 patients for whom the 
time between positive samples was short or average (up to 
66 days), repeated detection of Borrelia DNA during re-
peated episodes of fever could be explained by relapses. 
However, reinfection is strongly suspected in 3 patients 
because the interval between 2 positive samples was >100 
days. To the best of our knowledge, reinfection with re-
lapsing fever borreliae has not been previously reported in 
Africa. The phenomenon of easy reinfection after treatment 
with tetracycline has been reported for the relapsing-fever 
group B. hermsii in vervet monkeys, which could be rein-
fected 12–36 weeks after primary infection (15).

In conclusion, the incidence of TBRF and the propor-
tion of borreliosis cases among febrile patients in Senegal 
is very high and, in at least 1 region (Niakhar), exceeds 
that of malaria. This considerably high incidence rate 
should lead to the development of new therapeutic strat-
egies that could be based on treating febrile patients in 
Senegal with doxycycline.
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We obtained the full genome of Middle East respira-
tory syndrome coronavirus (MERS-CoV) from a camel 
in Qatar. This virus is highly similar to the human Eng-
land/Qatar 1 virus isolated in 2012. The MERS-CoV from 
the camel efficiently replicated in human cells, providing  
further evidence for the zoonotic potential of MERS-CoV 
from camels.

Middle East respiratory syndrome coronavirus 
(MERS-CoV) is a novel coronavirus that can  

cause severe lower respiratory tract infection in humans 
(1,2). MERS-CoV clusters with viruses in the genus Beta-
coronavirus; the closest relative to this virus is bat CoVs 
clade 2c (3). Although bats are believed to carry different 
CoV ancestors, antibody reactivity against MERS-CoV 
has been found in serum from dromedary camels from 
countries within the Arabian Peninsula (4–7), Egypt (8), 
and the Canary Islands (4). More recently, MERS-CoVs 
that phylogenetically cluster with human MERS-CoVs 
were detected in camels from Qatar, Saudi Arabia, and 
Egypt (7,9–12). To further characterize MERS-CoV from 
camels, we screened nose swab samples from camels  
in Qatar.

The Study
In February 2014, nasal swab samples were collected 

from 53 healthy dromedary camels in Doha, Qatar. Af-
ter sampling, swabs were put into tubes containing viral 
transport medium and stored at -80°C until shipment to the 
Netherlands on dry ice, as described (9).

Total nucleic acids from nasal swabs were isolated 
by using the MagnaPure 96 total nucleic acid isolation kit 
(Roche, Mannheim, Germany), and samples were tested for 
MERS-CoV by using 2 TaqMan assays: 1 for the envelope 
(upE) and 1 for the nucleocapsid gene (N), as described 
previously (9,13). In each assay we detected MERS-CoV 
RNA in a sample from an 8-month-old camel. The cycle 
threshold of the positive sample was 12.9 in the upE assay 
and 11.3 in the N assay.

For further genomic characterization, RNA was iso-
lated from 50 μL of 1 swab sample with the QIAamp Vi-
ral RNA Mini Kit (QIAGEN, Hilden, Germany), eluted in 
60 μL water, and reverse transcribed with the Superscript 
III First-Strand Synthesis System (Life Technologies 
(Bleiswijk, the Netherlands) with random hexamers. The 
MERS-CoV genome was amplified by using MERS-CoV–
specific overlapping primer sets as described previously 
(3). Amplified MERS-CoV fragments were sequenced 
directly on both strands by using the BigDye Termina-
tor version 3.1 Cycle Sequencing kit on an ABI PRISM 
3100 genetic analyzer (Applied Biosystems, Bleiswijk, 
the Netherlands). To obtain the 5′ and 3′ ends, we used 
the FirstChoice RLM-RACE kit (Ambion, Bleiswijk, the 
Netherlands) according to the manufacturer’s protocols. 
Using overlapping sequence fragments, we assembled the 
complete MERS-CoV genome, except for 1 nt potentially 
missing at the 5′ end.

The genome was 30,117 nt long, including 12 nt at the 
3′ poly A tail (MERS-CoV camel/Qatar_2_2014, GenBank 
accession no. KJ650098). Similar to the genome of human 
MERS-CoV isolates, the genome of camel MERS-CoV 
isolates contains 10 complete open reading frames (ORFs) 
(ORF 1ab, spike, ORF3, ORF4a, ORF4b, ORF5, envelope, 
membrane, nucleocapsid, and ORF8b), 8 transcription-reg-
ulatory sequences, and 2 terminal untranslated regions. The 
alignment of the camel MERS-CoV with known human 
MERS-CoVs, including1 near-complete camel MERS-
CoV (NRCE_HKU205) sequence, showed overall nucleo-
tide identities of 99.5%–99.9% between camel and human 
MERS-CoV isolates from different geographic regions.

Phylogenetic analysis of the complete genome clearly 
showed that MERS-CoV camel/Qatar_2_2014 is highly 
similar to human MERS-CoV; the closest relative to camel 
MERS-CoV was England/Qatar1 2012 (99.9% identi-
ty) (Figure 1), and it was clearly distinct from the camel 
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MERS-CoV (99.5% identity) isolated from camels at a dif-
ferent location in Qatar and in Egypt (9,11). Comparison 
of spike protein amino acid sequences from various human 
and camel isolates showed that this protein is highly con-
served between this camel virus and other human isolates 
(online Technical Appendix Table, wwwnc.cdc.gov/EID/
article/20/8/14-0663-Techapp1.pdf).

In addition, most amino acid residues critical for recep-
tor binding (14) are identical in human and camel isolates, 
except for L506F in England/Qatar_1_2012. The biologic 
relevance of this mutation has not been investigated. The 
presence of arginine at position 1020 in the camel virus 
isolate might indicate that selective pressure at this site has 
probably not taken place as previously postulated. The fact 
that a MERS-CoV from a camel is highly similar to that from 
a human patient who probably became infected >1 year ear-
lier in the same region suggests that this virus is maintained 
within camel populations and further supports the hypothesis 
that MERS-CoV can be transmitted from camels to humans.

To test for the presence of infectious virus, we titrat-
ed the swab sample on Vero cells (ATCC no. CCL-81).  
After 48 hours, we observed cytopathic changes in cells 
(320 50% tissue culture infectious dose/mL). After  
isolation, the passage-3 virus stock was used for all subse-
quent experiments.

To check for adaptive mutations obtained during cell 
culture, we used 454 deep-sequencing technology (Roche, 
Indianapolis, IN, USA) to analyze the full-genome se-
quence as described elsewhere (3). A total of 57,655 se-
quence reads were obtained, of which 17,056 were specific 
for MERS-CoV, revealing ≈99.77% of the virus genome. 
Genome coverage ranged from 1 to 2,082 reads at single 
nucleotide positions. Gaps or regions with coverage of <4 
reads were confirmed by Sanger sequencing. When the ge-
nome of the passaged virus was aligned with the genome of 
the initial clinical isolate, we did not observe any mutations 
acquired during passaging.

To further functionally characterize this virus isolate, 
we subsequently inoculated human hepatoma (Huh-7) 
cells with MERS-CoV camel/Qatar_2_2014. After 2 days, 
virus-induced cytopathic effects were observed in the in-
oculated cell cultures (online Technical Appendix Figure). 
In addition, a strong increase in virus titer was measured 
in the cell supernatant (Figure 2, panel A); produced virus 
could be passaged (not shown). Virus production in Huh-
7 cells was blocked by preincubating camel MERS-CoV 
with a 1:200 dilution of serum from MERS-CoV antibody–
positive camels (9) but not with seronegative camel serum 
(4) (Figure 2, panel A). Infection of Huh-7 cells could 
also be blocked by preincubation of cells with polyclonal  
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Figure 1. Phylogenetic analysis of Middle East 
respiratory syndrome coronaviruses (MERS-
CoVs). Genome sequences of representative 
isolates were aligned by using ClustalW, and 
a phylogenetic tree was constructed by using 
the PhyML method in Seaview 4 (all 3 software 
packages can be found at http://pbil.univ-lyon1.
fr/software/seaview) and was visualized in 
FigTree version 1.3.1 (http://tree.bio.ed.ac.uk/
software/figtree/). Values at branches show the 
result of the approximate likelihood ratio; values 
<0.70 are not shown. The MERS-CoV isolated 
from a dromedary camel in Qatar in 2014 is 
depicted in a rectangle. Scale bar indicates 
nucleotide substitutions per site.
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antiserum against human DPP4 but not with control serum 
(Figure 2, panel A). Furthermore, transfection of nonsus-
ceptible MDCK cells with human DPP4 (Figure 2, panel 
B), but not with empty vector, conferred susceptibility 
to infection with camel MERS-CoV (Figure 2, panel C). 
These data demonstrate that the MERS-CoV obtained from 
a dromedary camel is able to replicate in human cells and 

uses DPP4 as entry receptor, similar to MERS-CoV iso-
lates obtained from human patients (15).

Conclusions
We isolated MERS-CoV from the nasal cavity of 1 

dromedary camel and demonstrated its infectiousness. Fur-
ther studies are needed to test whether camels infected at 
a young age are more likely than adult dromedary camels 
to excrete infectious virus, possibly because of the MERS-
CoV seronegative status of the younger camels. In addi-
tion, our results add to recent findings that MERS-CoVs 
from camels and humans are nearly identical (9–11). As 
might be expected from the high level of conservation in 
the critical interacting amino acids in the receptor-bind-
ing domain of the camel and human MERS-CoV isolates 
(online Technical Appendix Table), we show that camel 
MERS-CoV can infect human Huh-7 cells by using the 
same entry receptor as the human MERS-CoV isolates 
(15). Collectively, combined with the observation that the 
sequence of this virus was most closely related to that of a 
virus from a human patient who acquired MERS-CoV in 
Qatar a year earlier, these data support the hypothesis that 
dromedary camels are a reservoir for MERS-CoV and can 
transmit the infection to humans. However, whether expo-
sure of humans to camels directly can lead to human infec-
tion cannot be concluded from our data. We are not aware 
of a connection between the camel population sampled in 
this study and the patient infected with MERS-CoV Eng-
land/Qatar 1. Future epidemiologic studies are needed to 
investigate whether contact with camels or camel products 
constitutes a risk factor for MERS-CoV infection.
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Figure 2. Middle East respiratory syndrome coronavirus (MERS-
CoV) from camel replicates in human hepatoma (Huh-7) cells and 
uses human DPP4 as entry receptor. Huh-7 cells were inoculated 
with camel MERS-CoV and left for 1 h. Next, cells were washed 
twice, and supernatant was collected at 2 h (open bars) and 20 h 
(closed bars) before being tested for MERS-CoV RNA by using a 
TaqMan assay. We analyzed control camel MERS-CoV–infected 
cells, cells inoculated with camel MERS-CoV in the presence of 
normal camel serum (NCS), MERS-CoV–antibody positive camel 
serum (Ab-positive CS), normal goat serum (NGS), and anti-
DPP4 polyclonal antibody–treated cells. Results are expressed 
as genome equivalents (GE), 50% tissue culture infective dose 
(TCID50/mL) (A). MDCK cells transfected with plasmid-encoding 
human DPP4 or a control plasmid (pcDNA) were stained with 
polyclonal antibody against human DPP4 (B) or inoculated with 
camel MERS-CoV and fixed 20 h after inoculation (p.i.) and stained 
for viral antigen (C).



Netherlands. His research interests are the molecular character-
ization and pathogenesis of emerging viruses.

References

  1.	 Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD,  
Fouchier RA. Isolation of a novel coronavirus from a man with 
pneumonia in Saudi Arabia. N Engl J Med. 2012;367:1814–20. 
http://dx.doi.org/10.1056/NEJMoa1211721

  2.	 World Health Organization, MERS-CoV Research Group. State of 
knowledge and data gaps of Middle East respiratory syndrome coro-
navirus (MERS-CoV) in humans. PLoS Curr. 2013;5:pii: ecurrents.
outbreaks.0bf719e352e7478f8ad85fa30127ddb8.

  3.	 van Boheemen S, de Graaf M, Lauber C, Bestebroer TM, Raj VS, 
Zaki AM, et al. Genomic characterization of a newly discovered 
coronavirus associated with acute respiratory distress syndrome in 
humans. MBiol 2012;3:e00473–12.

  4.	 Reusken CB, Haagmans BL, Muller MA, Gutierrez C, Godeke GJ,  
Meyer B, et al. Middle East respiratory syndrome coronavirus neu-
tralising serum antibodies in dromedary camels: a comparative se-
rological study. Lancet Infect Dis. 2013;13:859–66. http://dx.doi.
org/10.1016/S1473-3099(13)70164-6

  5.	 Hemida MG, Perera R, Wang P, Alhammadi MA, Siu LY, Poon LL, 
et al. Middle East respiratory syndrome (MERS) coronavirus serop-
revalence in domestic livestock in Saudi Arabia, 2010 to 2013. Euro 
Surveill. 2013;18:20659.

  6.	 Meyer B, Müller MA, Corman VM, Reusken CBEM, Ritz D, 
Godeke G-D. Antibodies against MERS coronavirus in dromedary 
camels, United Arab Emirates, 2003 and 2013. Emerg Infect Dis. 
2014;20:552–9. http://dx.doi.org/10.3201/eid2004.131746

  7.	 Alagaili AN, Briese T, Mishra N, Kapoor V, Sameroff SC, de Wit E,  
et al. Middle East respiratory syndrome coronavirus infection in 
dromedary camels in Saudi Arabia. MBio. 2014;5:e00884–14. 
http://dx/doi.org/10.1128/mBio.00884–14.

  8.	 Perera RA, Wang P, Gomaa MR, El-Shesheny R, Kandeil A,  
Bagoto O, et al. Seroepidemiology for MERS coronavirus using 

microneutralisation and pseudoparticle virus neutralisation assays 
reveal a high prevalence of antibody in dromedary camels in Egypt, 
June 2013. Euro Surveill. 2013;18:20574.

  9.	 Haagmans BL, Al Dhahiry SH, Reusken CB, Raj VS, Galiano M, 
Myers R, et al. Middle East respiratory syndrome coronavirus in 
dromedary camels: an outbreak investigation. Lancet Infect Dis. 
2014;14:140–5. http://dx.doi.org/10.1016/S1473-3099(13)70690-X. 
Epub 2013 Dec 17.

10.	 Memish ZA, Cotton M, Meyer B, Watson SJ, Alsahafi AJ,  
Al Rabeeah AA, et al. Human infection with MERS coronavi-
rus after exposure to infected camels, Saudi Arabia, 2013. Emerg  
Infect Dis. 2014; [Epub ahead of print]. http://dx.doi.org/10.3201/
eid2006.140402

11.	 Chu DKW, Poon LLM, Gomaa MM, Shehata MM, Perera RAPM, 
Zeid DAE. MERS coronaviruses in dromedary camels, Egypt. 
Emerg Infect Dis. 2014; [Epub ahead of print]. http://dx.doi.org/ 
10.3201/eid2006.140299

12.	 Hemida MG, Chu DKW, Poon LLM, Perera RAPM, Alhammadi MA,  
Ng H-Y, et al. MERS coronavirus in dromedary camel herd, Saudi 
Arabia. Emerg Infect Dis. 2014 [Epub ahead of print].

13.	 Corman VM, Eckerle I, Bleicker T, Zaki A, Landt O, Eschbach-
Bludau M, et al. Detection of a novel human coronavirus by real-
time reverse-transcription polymerase chain reaction. Euro Surveill. 
2012;17:20285.

14.	 Lu G, Hu Y, Wang Q, Qi J, Gao F, Li Y, et al. Molecular basis of 
binding between novel human coronavirus MERS-CoV and its re-
ceptor CD26. Nature. 2013;500:227–31. http://dx.doi.org/10.1038/
nature12328. Epub 2013 Jul 7.

15.	 Raj VS, Mou H, Smits SL, Dekkers DH, Müller MA, Dijkman R,  
et al. Dipeptidyl peptidase 4 is a functional receptor for the emerging 
human coronavirus-EMC. Nature. 2013;495:251–4. http://dx.doi.
org/10.1038/nature12005.

Address for correspondence: Bart L. Haagmans, Department of 
Viroscience, Erasmus Medical Center, P.O. Box 2040, 3000 CA 
Rotterdam, the Netherlands; email: b.haagmans@erasmusmc.nl

DISPATCHES

1342	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014

GovDelivery
Manage your email alerts so you only 

receive content of interest to you.

wwwnc.cdc.gov/eid/subscribe.htm
Sign up for an Online Subscription:

Emailed to you

Table of Contents



	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014	 1343

New Introductions 
of Enterovirus 71 

Subgenogroup  
C4 Strains,  

France, 2012
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Stéphanie Marque-Juillet, Delphine Desbois, 
Gisèle Lagathu, Laure Bornebusch,  

Jean-Luc Bailly, and Bruno Lina

In France during 2012, human enterovirus 71 (EV-A71)  
subgenogroup C4 strains were detected in 4 children hospi-
talized for neonatal fever or meningitis. Phylogenetic analy-
sis showed novel and independent EV-A71 introductions, 
presumably from China, and suggested circulation of C4 
strains throughout France. This observation emphasizes 
the need for monitoring EV-A71 infections in Europe.

Human enterovirus 71 (EV-A71) is a member of the 
enterovirus species A in the family Picornaviridae, 

genus Enterovirus. On the basis of the 1D gene sequences 
encoding the VP1 capsid protein (1DVP1), EV-A71 has been 
classified into 3 genogroups (A–C) and 12 subgenogroups 
(A, B0–B5, C1–C5) (1); in addition, 3 new genogroups 
(D–F) were recently identified (2–4). In children, EV-A71 
mainly causes asymptomatic or benign infections, such as 
neonatal fever and hand-foot and mouth disease (HFMD); 
less frequently, EV-A71 causes neurologic complications, 
such as encephalitis and poliomyelitis-like paralysis (1).

In the Asia–Pacific region, EV-A71 has emerged as a 
major public health concern over the past 15 years. Large 
outbreaks have been reported, associated with the emer-
gence of new genogroups and subgenogroups, high rates 
of illness, and fatal cases of encephalitis (1,5). The largest 
epidemic expansion of EV-A71 occurred in China, mainly 

caused by EV-A71 subgenogroup C4 (EV-A71 C4) strains 
(5,6). By contrast, epidemic activity is low in Europe, 
where only 4 outbreaks of EV-A71 infection have been re-
ported over the past 40 years: Bulgaria (1975), Hungary 
(1978), and the Netherlands (1986, 2007) (5,7). Most of the 
cases of EV-A71 infection reported since 1986 have been 
caused by subgenogroup C1 and C2 strains (7–9). In 2004, 
EV-A71 C4 strains were rarely detected in France, Ger-
many, and Austria (8–11), and no other EV-A71 C4 cases 
were reported in Europe until 2012, when we detected C4 
strains in 4 hospitalized patients, suggesting that dissemi-
nation of the C4 strains was restricted during 2004–2011. 
We describe the clinical cases caused by the EV-A71 C4 
strains detected in 2012 and address the origin of these 
newly detected viruses.

The Study
In France, EV infections diagnosed in hospital settings 

have been voluntarily reported to the National Institute for 
Public Health by a network of hospital laboratories since 
2000 (9). In 2012, a total of 2,088 EV infections were re-
ported by the laboratory network. In addition, in 2010, a to-
tal of 158 community cases of HFMD and herpangina were 
reported through a sentinel surveillance system implemented 
in Clermont-Ferrand, France (12). As part of the national 
surveillance, 1,249 EV strains were analyzed by 6 laborato-
ries in the EV network (including the 2 National Enterovirus 
Reference Center laboratories in Lyon and Clermont-Fer-
rand). Of the 1,249 EV strains, 1,105 (88.5%) were success-
fully genotyped. Most of the genotyped strains were detected 
in cerebrospinal fluid (CSF) samples from patients with neo-
natal fever, meningitis, or meningoencephalitis or in samples 
from patients with HFMD or herpangina. Of the 1,105 geno-
typed EV strains, 16 (1.4%) were EV-A71 strains. Among 
these 16 cases of EV-A71 infection, a fatal case of rhombo-
encephalitis was diagnosed in an adult who had been treated 
with rituximab (13). On the basis of the complete 1D gene 
sequences encoding the VP1 capsid protein (1DVP1), 12 of 
the 16 EV-A71 strains were assigned to subgenogroup C2, 
and 4 were assigned to subgenogroup C4.

We conducted a retrospective review of medical re-
cords for the 4 patients with EV-A71 C4 infection to docu-
ment the patients’ ages at diagnosis, clinical symptoms, 
length of hospitalization, and laboratory findings. The EV-
A71 C4 infections were detected throughout the year in 3 
regions (Brittany, Ile de France, and Provence-Alpes-Côte 
d’Azur). Of the 4 patients, 3 (6, 17, and 21 days of age) had 
neonatal fever when medical care was sought, and 1 patient 
(4 years of age) had meningitis (Table). The 21-day-old in-
fant had persisting irritability and was hospitalized for 6 
days. No severe neurologic complications were observed, 
and all 4 children had a favorable outcome. Bacterial cul-
ture results for CSF, blood, and urine samples from all 4 
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children were negative, and molecular detection results 
for herpes simplex virus types 1 and 2 and varicella-zoster 
virus in CSF were also negative. For the 3 children with 
neonatal fever, reverse transcription PCR was positive for 
EV-A71 in CSF specimens. For the child with meningitis, 
reverse transcription PCR was negative for EV-A71 in the 
CSF specimen, but an EV-A71 strain was isolated from a 
throat swab specimen.

Phylogenetic analyses based on a Bayesian approach 
were performed with a set of 97 1DVP1 sequences (Fig-
ure; online Technical Appendix, http://wwwnc.cdc.gov/
EID/article/20/8/13-1858-Techapp1.pdf). The chrono-
gram clearly shows that the EV-A71 C4 strains detected in 
France in 2012 (Figure, red branches) and those detected 
in France, Austria, and Germany in 2004 (Figure, green 
branches) belong to 2 separate lineages. The 4 strains de-
tected in 2012 in France clustered with EV-A71 C4 strains 
detected in China during 2008–2011. We estimated that 
the most recent common ancestor of this cluster (Figure, 
blue branches) emerged, presumably in China, during 2006 
(95% highest posterior density interval 2005–2007). Of the 
4 EV-A71 C4 strains detected within a 4-month period in 
geographically distant (≈1,100 km) French regions, 2 dis-
played direct clustering (posterior probability 0.999) but 
substantial variation (genetic distance of 0.018 nt substitu-
tion per site between the corresponding 1DVP1 sequences). 
The quick evolution of the 2 EV-A71 C4 strains from their 
common ancestor suggests local spread of the viruses. The 
other 2 strains displayed consistent clustering (posterior 
probability >0.8) with different strains isolated in China, 
suggesting independent introductions of virus.

Conclusions
In 2012, EV-A71 C4 strains were detected in France 

in 4 children hospitalized for neonatal fever or meningitis. 

Although EV-A71 C4 strains have circulated extensively in 
China since 2008, this virus has rarely been detected in Eu-
rope. In France, 133 cases of EV-A71 infections were report-
ed during January 2000–May 2013 (9) (I. Schuffenecker, 
unpub. data). EV-A71 C2 infections have been predominant 
since 2007; however, only 5 cases of EV-A71 C4 infection 
have been identified in the country since 2004. Our Bayesian 
analyses excluded a direct evolution of the 2012 EV-A71 
C4 strains from the earlier 2004 European virus lineage. The 
phylogenetic data are consistent with 3 independent virus 
introductions, presumably from China, and are compatible 
with a more global circulation of subgenogroup C4 entero-
viruses. In 2013, the C4 subgenogroup also emerged in Rus-
sia, where it was associated with an outbreak of 78 reported 
cases, including 1 fatal case of meningoencephalitis (14).

Many cases of fatal encephalitis have been associated 
with EV-A71 C4 infection outbreaks in China (6), which 
highlights the neurovirulence of EV-A71 strains. Rare 
acute flaccid paralysis cases have also been reported in 
Australia through the national poliomyelitis surveillance 
program (15). Although the prevalence of neurologic cases 
associated with EV-A71 infection is currently low in Eu-
rope, the recent circulation of EV-A71 C4 in France and 
in Rostov, Russia (along the eastern border with Europe), 
underscores the need for improved surveillance of neuro-
logic manifestations associated with EV infection and of 
the incidence of HFMD within communities. In addition, 
careful monitoring for the possible introduction and cir-
culation of new EV-A71 genogroups and subgenogroups 
should be conducted.
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Table. Characteristics of 4 patients with enterovirus 71 subgenogroup C4 infections, France, 2012* 

Patient no., 
hospital 
location† 

Date 
admitted 

Age at 
diagnosis Clinical signs 

Laboratory values for 
CSF 

 Enterovirus RT-PCR 
results, Ct‡ 

 
Duration, d 

Leukocytes/ 
mm3 

Protein, 
g/L CSF NP 

Hospital 
stay 

Antimicrobial 
drug use 

1, Nantes Feb 12 6 d Fever syndrome <2 0.54  Pos, 36.0 Pos, 36.2  4.0 4.0 
2, Versailles Mar 12 17 d Fever syndrome 53 0.52  Pos, 31.7 NA  2.5 2.5 
3, Grasse Jun 12 4.5 y Fever syndrome, 

meningitis 
83§ 0.92§  Neg Pos, 27.4  1.0 0 

4, Rennes Oct 12 21 d Fever syndrome, 
rhinitis 

234 0.77  Pos, 30.0 NA  6.0 3.0 

*For all 4 children, molecular testing results were negative for the detection of herpes simplex virus types 1 and 2 and varicella-zoster virus in CSF. In 
addition, for patients 1 and 4, molecular testing results were also negative for the detection of human herpesvirus type 6, cytomegalovirus, and Epstein-
Barr virus. Results were also negative for CSF bacterial cultures. CSF, cerebrospinal fluid sample; Ct, cycle threshold; NA, not available; Neg, negative 
NP, nasopharyngeal sample; Pos, positive; RT-PCR, reverse transcription PCR. 
†Nantes (47°13′N; 1°33′W; Brittany); Versailles (48°48′N; 2°08′E; Ile de France); Grasse (43°40′N; 6°55′E; Provence-Alpes-Côte d’Azur); Rennes 
(48°06′N; 1°40′W; Brittany). 
‡The upper Ct for positivity for each of the RT-PCR assays used was 45.0. An in-house enterovirus real-time RT-PCR was used to test samples from 
patient 1. A commercial RT-PCR assay produced by Cepheid and commercialized by Orgentec (GP-EV-040, Orgentec, Trappes, France) was used to 
test samples from patients 2 and 3. Another commercial RT-PCR assay, Dia-ENT-050 (Diagenode, Seraing, Belgium) was used to test samples from 
patient 4. 
§CSF sample was hemorrhagic (10,300 erythrocytes/mm3). 
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1.4.0 (http://tree.bio.ed.ac.uk/software/figtree). Asterisks at key nodes indicate posterior probability values >0.99. Red indicates the 1DVP1 
sequences determined in this study: complete sequences (GenBank accession nos. KF900159–61) are represented by closed squares 
on the right side of the figure; a partial sequence (298 nt) (GenBank accession no. KF900162) is represented by an open square). Green 
indicates the 1DVP1 sequences from EV-A71 C4 strains detected in France, Germany, and Austria in 2004. Blue indicates the 1DVP1 sequences 
from EV-A71 C4 strains detected in China during 2008–2011. Letters A–E indicate genogroups; C1–C5 indicate subgenogroups.
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Rapid Detection, 
Complete Genome 

Sequencing, and 
Phylogenetic  

Analysis of Porcine 
Deltacoronavirus
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Yin Jiang, James Collins, Kurt Rossow,  

and Albert Rovira

In February 2014, porcine deltacoronavirus (PDCoV) 
was identified in the United States. We developed a PD-
CoV real-time reverse transcription PCR that identified 
PDCoV in 30% of samples tested. Four additional PD-
CoV genomes from the United States were sequenced;  
these had ≈99%–100% nt similarity to the other US PD-
CoV strains. 

Coronaviruses belonging to the Coronavirinae sub-
family are divided into 3 genera, Alphacoronavirus, 

Betacoronavirus, and Gammacoronavirus (1). Woo et al. 
investigated the presence of coronaviruses in birds and 
mammals from Hong Kong and identified a new Corona-
virinae genus, Deltacoronavirus (2,3). Of 169 swine sam-
ples tested, 10% were positive for porcine deltacoronavirus 
(PDCoV), and 2 complete PDCoV genomes were gener-
ated and analyzed (3). 

On February 11, 2014, the Ohio Department of Ag-
riculture officially announced the identification of PD-
CoV in the United States. Furthermore, the University of 
Minnesota Veterinary Diagnostic Laboratory (Saint Paul, 
MN, USA) and Iowa State University Veterinary Diag-
nostic Laboratory (Ames, IA, USA) sequenced a US PD-
CoV strain, which had an ≈99% nt identity to the 2 China 
PDCoV strains. In addition, the Ohio Department of Ag-
riculture released 2 more complete PDCoV genomes from 
the United States (GenBank accession nos. KJ569769 and 
KJ462462), for a total of 4 complete PDCoV genomes 
(4,5). We designed a real-time reverse transcription PCR 
(rRT-PCR) to rapidly identify PDCoV, and 4 additional 
PDCoV strains were sequenced to further characterize 
PDCoV in the United States.

The Study
During January 6–February 27, 2014, we tested a to-

tal of 293 porcine samples—90 fecal swab samples, 75  
fecal samples, 54 saliva samples, 52 intestinal homogenate 
samples, 2 vomit samples, 19 feed samples, and 1 envi-
ronmental sample—from Ohio (108 samples), Michigan 
(63), Illinois (38), Minnesota (24), Nebraska (25), South 
Dakota (24), Missouri (3), and Canada (8) with the new 
PDCoV rRT-PCR (Table 1). The PDCoV rRT-PCR design, 
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Table 1. Characteristics and results of samples tested for 
PDCoV, United States, January 6–February 27, 2014* 
Characteristic Positive samples, no. (%) 
Sample type tested  
 Fecal swab, n = 90 15 (17) 
 Feces, n = 75 30 (40) 
 Saliva, n = 54 10 (19) 
 Intestines, n = 52 27 (52) 
 Feed, n = 19 6 (32) 
 Vomit, n = 2 1 (50) 
 Environment, n = 1 0 
 Total, n = 293 89 (30) 
Location  
 Ohio, n = 108 41 (38) 
 Illinois, n = 38 27 (71) 
 Minnesota, n = 24 7 (29) 
 Nebraska, n = 25 14 (56) 
 Michigan, n = 63 0 
 South Dakota, n = 24 0 
 Canada, n = 8 0 
 Missouri, n = 3 0 
 Total, n = 293 89 (30) 
rRT-PCR results for PDCoV-positive samples 
 Total, n = 89  
  PEDV 29 (33) 
  RVA 35 (39) 
  RVB 33 (37) 
  RVC 52 (58) 
  PDCoV only 20 (22) 
  PDCoV + any co-infections 69 (78) 
 PDCoV + 1 pathogen  
  PEDV 5 (19) 
  RVA 6 (22) 
  RVB 4 (15) 
  RVC 12 (44) 
  Total 27 (30) 
 PDCoV + 2 pathogens  
  PEDV + RVA 0 
  PEDV + RVB 1 (5) 
  PEDV + RVC 3 (16) 
  RVA + RVB 0 
  RVA + RVC 9 (47) 
  RVB + RVC 6 (32) 
  Total 19 (21) 
 PDCoV + 3 pathogens  
  PEDV + RVA + RVB 1 (13) 
  PEDV + RVA + RVC 1 (13) 
  PEDV + RVB + RVC 3 (38) 
  RVA + RVB + RVC 3 (38) 
  Total 8 (9) 
 PDCoV + 4 pathogens  
  PEDV + RVA + RVB + RVC 15 (17) 
*PDCoV, porcine deltacoronavirus; rRT-PCR, real-time reverse 
transcription PCR; PEDV, porcine epidemic diarrhea virus; RVA, rotavirus 
A; RVB, rotavirus B; RVC, rotavirus C. 

 



comparison, sensitivity, and specificity are described in the 
online Technical Appendix (http://wwwnc.cdc.gov/EID/
article/20/8/14-0526-Techapp1.pdf). We selected samples 
for PDCoV testing in accordance with veterinarians’ re-
quests to investigate the presence of PDCoV in pigs with 
diarrhea. The samples were homogenized and the RNA 
extracted by using previously described methods (6,7). Of 
293 porcine samples tested, 89 (30%) were PDCoV posi-
tive; we did not detect transmissible gastroenteritis virus 
(TGEV) in any samples tested (Table 1). Of the 89 PDCoV-
positive samples, 20 samples (22% [11 fecal, 6 intestinal 
homogenate, 2 fecal swab, and 1 feed]) were negative for 
TGEV, porcine epidemic diarrhea virus (PEDV), rotavirus 
A (RVA), rotavirus B (RVB), and rotavirus C (RVC); 69 

(78%) PDCoV-positive samples were positive for PEDV, 
RVA, RVB, or RVC. Co-infection with PDCoV and RVC 
were most common (52 [58%] samples). Although most 
(27 [30%]) PDCoV co-infections were with only 1 viral 
pathogen, 15 (17%) were positive for PEDV, RVA, RVB, 
and RVC.

We detected PDCoV in 52% of intestinal samples 
and 40% of fecal samples; 32% of feed samples and 19% 
of saliva samples tested positive for PDCoV. Of the 8 dif-
ferent locations tested for PDCoV, samples from Ohio  
(n = 41), Illinois (n = 27), Minnesota (n = 17), and  
Nebraska (n = 14) were positive for PDCoV; samples 
from Michigan, South Dakota, Missouri, and Canada 
were negative for PDCoV (Table 1).
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Table 2. Nucleotide identities of porcine deltacoronavirus strains* 

Strain 
Nucleotide identity, % 

Genome ORF1 Spike Envelope Membrane Nucleocapsid NS6 NS7 
HKU strains 99.1 99.1 98.8 100 99.4 99.6 98.9 99.3 
HKU vs. US 98.9–99.2 98.9–99.4 98.5–98.8 99.2–99.6 98.9–99.2 98.8–99 98.9–100 98.8–99.0 
US 99.9–100 99.9–100 99.7–100 99.6–100 99.8–100 99.4–100 99.3–100 99.2–100 
*ORF, open reading frame; NS, nonstructural. 

 

Figure. Phylogenetic trees of the complete porcine deltacoronavirus (PDCoV) genome (A), spike gene (B), and nonstructural protein 6 
(NS6) accessory gene (C). US strains are in blue; China strains are in red. Bootstrap values >70% are illustrated. Scale bar indicates 
nucleotide substitutions per site.



Detection, Sequencing, and Analysis of PDCoV

From the PDCoV-positive samples, we selected 4 for 
complete genome sequencing (online Technical Appen-
dix). The 8 US PDCoV complete genome sequences were 
99.9%–100% nt identical to each other and 98.9%–100% 
nt identical to the China PDCoV strains (Table 2). The en-
velope and membrane gene segments were the most con-
served and had a 100% nt identity, and the nonstructural 
(NS) 6 accessory gene had the lowest nucleotide identity 
(98.9%–100%) within the US strains. Compared with seg-
ments of the China strains, the envelope gene segment was 
the most conserved (99.6% nt identity), and the spike gene 
segment was the most diverse (98.5%–98.8% nt identity). 
The China PDCoV strain HKU15-155 contained two 3-nt 
deletions in the spike gene and 3′ untranslated region; the 
China strain HKU15  44 and US strains lacked this dele-
tion. Inversely, PDCoV China strain HKU15–44 contained 
a nucleotide deletion in the 3′ untranslated region that was 
not present in the US PDCoV strains.

In the complete genome phylogenetic tree, the 8 
US PDCoV strains clustered with China PDCoV strain 
HKU15-155 instead of HKU15-44 (Figure, panel A). With 
the open reading frame 1, spike, envelope, membrane, and 
nucleocapsid gene segments and NS7 accessory gene phy-
logenetic trees, the US PDCoV strains clustered separately 
from the China PDCoV strains (Figure, panel B). The phy-
logenetic tree for the NS6 accessory gene had a different 
clustering pattern from the China strains (Figure, panel C). 
China PDCoV strain HKU15-44 clustered with Illinois133 
and Illinois134, and China PDCoV strain HKU15–155 
clustered independently.

Conclusions
The PDCoV rRT-PCR is a fast and accurate detection 

method that can be used to diagnose PDCoV infection. 
Identification of PDCoV in 30% of samples tested indi-
cates that PDCoV is a common viral pathogen of pigs in 
the midwestern United States. We identified positive PD-
CoV in 20 (22%) samples that were negative for TGEV, 
PEDV, RVA, RVB, and RVC, but PDCoV co-infections 
were more common (69 [78%] samples), especially with 
RVC (52 [58%]). Although the samples from Canada were 
negative for PDCoV, the Animal Health Laboratory has 
confirmed that 6 Ontario farms contain PDCoV. Because 
we selected samples on the basis of clinical diarrhea and 
geographic location was limited, the results do not accu-
rately reflect the prevalence of PDCoV in North America. 
In addition, the presence of PDCoV RNA in feed does not 
indicate infectivity of the virus. The prevalence of PDCoV 
in North America is unknown, and the new PDCoV rRT-
PCR can be used to access the prevalence in the United 
States and Canada.

Phylogenetic analysis of the US PDCoV strains indi-
cates a common ancestor with the China PDCoV strains. 

The China PDCoV strains are the only available sequenc-
es, and we cannot state that the US PDCoV strains origi-
nated in China. Because little is known about PDCoV, 
the US PDCoV parental strain may never be discovered. 
The NS6 phylogenetic tree branched differently from the 
other PDCoV gene segments; therefore, the NS6 acces-
sory gene may evolve differently from the other gene seg-
ments. Complete genomes of PDCoV from other coun-
tries are needed to increase understanding of the origin, 
phylogenetic relationship, and evolution of the US PD-
CoV strains.

The date that PDCoV was introduced into the United 
States is unknown. Because the sequenced PDCoV samples 
were from a similar geographic location, the 99.9%–100% 
nt identity does not correlate with the possible genetic 
diversity within the United States. An alternate hypoth-
esis would indicate that PDCoV has been an undiagnosed 
pathogen of pigs in the United States and, like RVB, has 
been circulating there for an extended period (6) or that 
PDCoV might be a secondary infection to other enteric 
pathogens. PDCoV pathogenesis and retrospective surveil-
lance studies are needed to answer these epidemiologic 
questions in the United States and to determine PDCoV 
prevalence worldwide.

In conclusion, a PDCoV rRT-PCR was designed to ac-
curately detect PDCoV in a variety of samples. Complete 
genome analysis of the US PDCoV strains showed that 
they share 99.9%–100% nt identity and a common ances-
tor with the only available PDCoV sequences, the China 
PDCoV strains.

The University of Minnesota Veterinary Diagnostic Labora-
tory provided funding for this study.

Dr Marthaler is a scientist at the University of Minnesota 
Veterinary Diagnostic Laboratory. His primary research interests 
are rotavirus and other pathogens of swine.
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We investigated 400 cases of dengue-like illness in 
persons hospitalized during an outbreak in Al Hudaydah, 
Yemen, in 2012. Overall, 116 dengue and 49 chikungu-
nya cases were diagnosed. Dengue virus type 2 was the 
predominant serotype. The co-circulation of these viruses 
indicates that mosquitoborne infections represent a public 
health threat in Yemen.

Vectorborne infections are not uncommon in the Mid-
dle East (1). In particular, recurrent outbreaks of den-

gue fever have been reported on the Arabian Peninsula 
since 1990 (2). In Yemen, dengue virus (DENV) infections 
have reemerged with higher frequency during the last de-
cade (3); in 2010, during a dengue outbreak that occurred 
in the southern governorate of Hadramout (4), cases of 
dengue hemorrhagic fever were identified (5). In 2010–
2011, another mosquitoborne virus, the chikungunya virus 
(CHIKV), was detected in febrile patients in Al Hudaydah, 
Yemen (6). To evaluate to what extent these arboviruses 
are involved in dengue-like illness outbreaks in Yemen, we 
conducted a study in Al Hudaydah.

The Study
The study site was represented by 5 hospital centers 

(Renal Center, Maritime College, Al Rasheed, Al-Thawra, 
Al Salakhana) located in Al Hudaydah (Figure 1). Patients 

hospitalized during 2012 were recruited for the study if 
they had fever (>37.5°C) and at >2 of the following signs 
or symptoms at the time of admission: headache, joint pain, 
muscle pain, skin rash. Serum samples were collected with-
in 4 days from the date of hospital admission and stored 
and shipped at -20°C.

We used the Maxwell 16 Viral Total Nucleic Acid Pu-
rification Kit with the Maxwell 16 instrument (Promega, 
Madison, WI, USA) according to the manufacturer’s in-
structions to extract nucleic acids from the serum samples. 
We then analyzed the nucleic acids by using DENV- and 
CHIKV-specific PCR sequences, as previously described 
for DENV and adapted for CHIKV (7,8). To further con-
firm the results, we amplified and then sequenced NS1 and 
E1 genes from DENV- and/or CHIKV-positive serum sam-
ples; the sequences were deposited in GenBank (accession 
nos. KJ742803–19). 

We used the NovaLisa Dengue IgM- and IgG-ELISAs 
and the NovaLisa Chikungunya IgM- and IgG-capture 
ELISAs (NovaTec lmmundiagnostica GmbH, Dietzen-
bach, Germany) according to the manufacturer’s instruc-
tions to analyze serum samples for IgM and IgG. Study 
participants with IgM ELISA– and/or PCR-positive results 
were defined as recently or acutely infected with DENV  
or CHIKV.

Overall, 400 persons were enrolled in the study. The 
median age was 30 years (range 1–60). The median inter-
val between fever onset and sample collection was 4 days 
(range 2–9).

Of the 400 study participants, 116 (29%) were IgM or 
PCR positive for DENV RNA. Of those 116 persons, 61 
(53%) had IgM, 44 (38%) were positive by PCR, and 11 
(9%) had IgM- and PCR-positive results. Of the 55 PCR-
positive samples, 41 were DENV-2 and 2 DENV-1. The 
remaining 12 samples were not typed because the virus titer 
was low, and it was not possible to achieve a positive signal 
by using a DENV serotype–specific PCR. Of the 400 study 
participants, 290 (72.5%) had IgG against DENV. Their 
distribution by diagnostic category is shown in Table 1.

Of the 400 participants, 49 (12%) were IgM and/or 
PCR positive for CHIKV RNA: 38 (77%) were IgM posi-
tive, 10 (20%) were PCR positive, and 1 was positive by 
both methods. Of the 351 patients with negative IgM/PCR 
results, 33 (9.4%) had IgG against CHIKV.

No samples were PCR positive for both viruses. 
However, 13 samples had IgM against both viruses, and 
1 had positive results for DENV by PCR and CHIKV IgM  
by ELISA.

The monthly distribution and the proportion of 
DENV- and CHIKV-positive cases are shown in Figure 
2. Peaks were observed during February, when the highest 
number of chikungunya cases was observed, and especially 
May, when the highest number of dengue fever cases was  
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observed. A low number of cases were reported in Novem-
ber and December.

Study participants with CHIKV infection (mean age 
30.67 years, + SD 14.17 years) were slightly younger than 
with DENV infection (mean age 27.53 years, + standard 
deviation 17.34 years), but the median age (30 years) and 
range (1–60 years) were the same for the 2 groups. The 
distribution of signs and symptoms for recent/acute cases 
of dengue and chikungunya are shown in Table 2. The 
most common signs symptoms for both infections were 
joint pain (98%), myalgia (95% and 94%, respectively), 
and headache (94% and 88%, respectively). Persons with 
chikungunya were more likely than those with dengue to 
report vomiting (41% vs. 25%). No other major difference 
in the frequency of specific signs or symptoms was found.

Conclusions
Our data provide evidence of co-circulation of CHIKV 

and 2 DENV serotypes in the governorate of Al Huday-
dah. DENV-2 was the predominant serotype in our study 
population. Whether this serotype was newly introduced 
into Yemen in 2012 is unknown. In 2011 in the same area, 

a small study was conducted with 47 patients with dengue-
like illness, and only 3 were PCR positive for DENV: 2 
for DENV-1 and 1 for DENV-3 (data not shown). In 2010 
in Al Mukalla, the capital of the district of Hadramout, 
DENV-3 was also detected in patients with dengue fever 
and dengue hemorrhagic fever (5,9).

The high prevalence (>70%) of DENV IgG in our study 
population suggests past exposure to DENV. Relatively high 
rates of IgG were also found during the outbreak that oc-
curred in 2011 in Hadramout, where 28% of DENV IgM–
positive and 43% of DENV IgM–negative patients with 
dengue-like illness were positive for DENV IgG (4). The 
identification of dengue hemorrhagic fever cases caused by 
DENV-3 in Al Mukalla is also suggestive of exposure to 
different DENV serotypes (5). The hypothesis of continued 
reintroduction of different DENV serotypes in Yemen dates 
back to 1983, when a secondary heterotypic DENV infec-
tion was suspected in a man who had traveled from Dalah 
(160 miles from Aden), an area endemic for DENV. The 
traveler had dengue hemorrhagic fever and high antibody ti-
ters against all 4 DENV serotypes (10). It is well known that 
travels to and from DENV-endemic areas are common, and 
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Figure 1. Location of Al Hudaydah, 
Yemen, where the co-circulation of 
dengue virus, chikungunya virus, 
and other dengue-like viruses was 
studied in 2012. Other important 
towns, Sanaa, Aden, and Al 
Mukalla (the capital of Hadramout 
governorate), are also shown.

 
Table 1. Dengue virus–positive study participants by diagnostic category, Al Hudaydah, Yemen, 2012* 

Study participants 

No. (%) participants by diagnostic category, infection history 
IgM+/PCR, 

recent infection 
PCR+/IgM, 

acute infection 
IgM+/PCR+, 

acute infection 
IgM+ and/or PCR+, 

acute or recent infection 
IgM/PCR, no acute 

or recent infection Total 
Total† 61 (15.2) 44 (11.0) 11 (2.7) 116 (29.0) 284 (71.0) 400 (100.0) 
Positive for dengue 
virus IgG‡ 

48 (78.7) 22 (50.0) 6 (54.5) 76 (65.5) 214 (75.3) 290 (72.5) 

*+, positive; , negative. 
†The denominator is represented by the total study population. 
‡The denominator is represented by the number of individuals in each category. 

 



Dengue and Chikungunya Viruses, Al Hudaydah, Yemen

imported cases from eastern Africa (Zanzibar) were reported 
in Yemen as early as the nineteenth century (11,12). Circula-
tion of different DENV serotypes has also been reported in 
Saudi Arabia: DENV-3 emerged as the predominant sero-
type after 1997, and DENV-2 and DENV-1 serotypes had 
been associated with earlier outbreaks (13).

We identified a rather large number of cases of recent 
or acute CHIKV infection. This finding is consistent with a 
previous estimate of 1,542 cases during October 2010–Jan-
uary 2011 (6) and with the detection of CHIKV RNA in Ae-
des aegypti mosquitoes, the dominant type of mosquito in 
entomologic investigations conducted in Al Hudaydah (14).

The circulation of mosquitoborne viruses in a dry area 
like Yemen is not surprising. Water scarcity and lack of 
infrastructure in periurban areas require regular storage of 

water for household and potable use, and water containers 
favor A. aegypti mosquito reproduction. Moreover, increas-
ing migration and urbanization may favor the introduction 
and spread of these infections (15).

Our study did have some limitations. First, the study 
was hospital based. Thus, the findings may not be repre-
sentative of the whole epidemic in the community. Second, 
some misclassification of the cases caused by the sensi-
tivity and specificity of the tests or to a time lag between 
symptom onset and sample collection (i.e., PCR- or IgM-
negative results caused by testing intervals that were too 
long or too short, respectively) cannot be ruled out. Last, 
the prevalence of IgG against DENV might have been 
overestimated because of possible cross-reactivity with 
other flavivirus infections.
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Figure 2. Trends for cases of dengue virus, chikungunya virus, and other dengue-like viruses, Al Hudaydah, Yemen, 2012. A) Number of 
cases by month. B) Monthly percentages of cases by virus type. 

 
Table 2. Clinical characteristics of study participants with dengue and chikungunya, Al Hudaydah, Yemen, 2012 

Sign or symptom 

Participants with signs or symptoms 
of dengue, n = 116 

 Participants with signs or symptoms 
of chikungunya, n = 49 

Difference*  SE p value No. (%) SE  No. (%) SE 
Fever 116 (100) 0  49 (100) 0 0   
Arthralgia 114 (98) 0.01  48 (98) 0.02 0 0.02 0.890 
Myalgia 110 (95) 0.02  46 (94) 0.03 0.01 0.04 0.807 
Headache 109 (94) 0.02  43 (88) 0.05 0.06 0.05 0.178 
Abdominal pain 93 (80) 0.04  35 (71) 0.07 0.09 0.07 0.221 
Backbone pain 85 (73) 0.04  32 (65) 0.07 0.08 0.08 0.306 
Watery diarrhea 56 (48) 0.05  27 (55) 0.07 0.07 0.09 0.426 
Rash 35 (30) 0.04  13 (27) 0.06 0.04 0.08 0.640 
Vomiting 29 (25) 0.04  20 (41) 0.07 0.16 0.08 0.042 
*Difference between proportions. 

 



In conclusion, CHIKV and various DENV serotypes 
co-circulate in Yemen’s port city of Al Hudaydah. The de-
tection of CHIKV and DENV IgG–positive persons sug-
gests that these viruses are either endemic or continuously 
reintroduced to the area. Mosquito control activities are 
needed to reduce the effect of arbovirus infections on pub-
lic health.
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In June 2013, a subclinical infection with severe fe-
ver with thrombocytopenia syndrome virus (SFTSV) was 
detected in Zhejiang Province, China, prompting serop-
revalence studies in 6 districts within the province. Of 986 
healthy persons tested, 71 had IgG antibodies against 
SFTSV. This finding suggests that most natural infections 
with SFTSV are mild or subclinical.

Severe fever with thrombocytopenia syndrome (SFTS), 
a serious emerging infectious disease, was first re-

ported in rural areas of central China in 2009 (1). The 
characteristic signs and symptoms of SFTS include fever, 
thrombocytopenia, and leukocytopenia, and the disease 
has a case-fatality rate of up to 30%. SFTS is caused by 
infection with SFTS virus (SFTSV; family Bunyaviridae, 
genus Phlebovirus). The virus was first isolated in 2010 
from patients with SFTS (1); since then, additional cases 
have been reported from many areas of China (2,3). Af-
ter the occurrence of SFTS cases in Zhejiang Province, 
China, in 2013, enhanced surveillance for the disease was 
implemented (4). We report on the first human case of  
SFTS in a rural area of Pujiang district in Zhejiang Prov-
ince and on an apparently associated mild or subclinical 
case of SFTSV infection in a family member of the pa-
tient. In addition, to determine if other mild or subclini-
cal infections had occurred, we conducted seropreva-
lence studies in the patient’s village and 5 other Zhejiang 
Province districts. The study was approved by the Ethics  

Committee of the Zhejiang Provincial Center for Disease 
Control and Prevention.

The Study
A human case of SFTS was identified in a rural area 

of the Pujiang district (Figure 1). The patient, a 60-year-
old local male subsistence farmer, sought treatment at the 
Zhejiang Provincial People’s Hospital on June 1, 2012, 
after a 6-day history of fever (maximum axillary tempera-
ture 40°C), malaise, chills, gingival bleeding, hyperemia of 
conjunctivae, and diarrhea (10 or fewer times per day). Ini-
tial laboratory testing revealed thrombocytopenia (13 × 109 
platelets/L; reference range 100–300 × 109 platelets/L) and 
leukocytopenia (0.93 × 109 leukocytes/L; reference range 
4–10 × 109/L). Supportive therapy was provided, and the 
patient’s condition seemed to improve on the second day: 
platelet count rose to 34 × 109 platelets/L, and leukocyte 
count rose to 7.28 × 109 leukocytes/L. However, on the 
third day, the patient became weak and died of multiple 
organ failure.

Serum samples from the patient were tested for the 
presence of SFTSV RNA by quantitative real-time reverse 
transcription PCR as previously described (1). The QIAamp 
Viral RNA Mini Kit (QIAGEN, Hilden, Germany) was used 
for RNA extraction. Detection of all 3 viral RNA segments 
by quantitative real-time reverse transcription PCR and iso-
lation of the virus from Vero cell culture confirmed the as-
sociation between the clinical syndrome and SFTSV infec-
tion. In addition, SFTSV-specific IgG and low levels of viral 
RNA were detected in a blood sample from a family member 
of the patient. The family member did not report exposure to 
potential animal hosts or vectors, so SFTSV transmission is 
believed to have occurred through personal contact when the 
family member was caring for the patient. Signs of illness 
did not develop in the family member.

To investigate if additional mild subclinical infections 
occurred, we, with the support of the local disease control 
department, conducted a seroprevalence study in the pa-
tient’s village in Pujiang district. A total of 54 blood sam-
ples were collected from 54 healthy volunteers. We used 
an ELISA kit provided by the National Center for Disease 
Control and Prevention to prepare and test serum samples 
for the presence of SFTSV-specific IgM and IgG (5,6). This 
ELISA compares well with serum neutralization assays for 
SFTSV (6). All serum samples were negative for SFTSV-
specific IgM, whereas 4 (7.4%) of the serum samples were 
positive for SFTSV-specific IgG (Figure 2). None of the 
IgG-positive participants reported any disease symptoms 
that are associated with SFTSV infections.

To further investigate the occurrence of mild or sub-
clinical SFTSV infections, we collected serum samples 
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from healthy volunteers in 5 additional districts in Zheji-
ang Province and tested the samples for SFTSV-specific 
IgG. The percentages of positive samples, by district, 
follow (the no. positive/total no. tested are shown in pa-
rentheses): Lishui, 10.2% (18/176); Jinhua, 3.5% (7/200); 
Ningbo, 10.9 (28/256); Taizhou, 3% (3/100); and Jiaxing, 
5.5% (11/200) (Figure 2). Results were confirmed by im-
munofluorescence assay conducted as previously reported 
(1). In brief, SFTSV-infected Vero cells were fixed with 
cold acetone, washed with distilled water, air-dried, and 
then stored at –70°C. Serum samples were diluted 1:20 
in phosphate-buffered saline supplemented with 0.01% 
Evans blue (Sigma-Aldrich Co. LLC, St. Louis, MO, 
USA). Slides were then incubated with the diluted serum 
samples in a humidified chamber at 37°C for 30 min and 
then washed with phosphate-buffered saline. The wells 
were incubated with fluorescein isothiocyanate–labeled 
goat anti–human IgG conjugate (Boshide, Wuhan, Chi-
na), washed, and analyzed by the use of fluorescence mi-
croscopy. The results of these experiments confirmed the 
presence of SFTSV-specific IgG in 84.5% (60/71) of the 

samples with ELISA-positive results. Serum samples that 
were negative for SFTSV by ELISA were also negative 
by immunofluorescence assay.

Conclusions
SFTSV can cause severe disease and high rates of 

death among infected hospitalized patients. The virus also 
has the limited ability to be transmited from person to per-
son through contact with contaminated blood, but second-
ary cases are generally less severe and have so far not re-
sulted in fatalities (7–9). Nonetheless, there is great public 
health concern regarding SFTSV.

Our seroprevalence study was prompted by the identi-
fication of a subclinical, secondary infection that was most 
likely caused by person-to-person transmission of the vi-
rus from an infected family member with a fatal case of 
SFTS. We found an overall SFTSV seroprevalence of 7.2% 
among 986 healthy persons who reported no symptoms as-
sociated with SFTS. Because the seropositive participants 
in our study did not have contact with persons with diag-
nosed cases of SFTS, their infections most likely occurred 
through natural exposure. From this, we conclude that 
SFTSV infections are widespread in rural areas of Zheji-
ang Province, and only a small percentage of the infections 
result in clinical disease.
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Figure 1. Location of Zhejiang 
Province in China (left) and the 
location of selected districts (right) 
within the province where serum 
samples of healthy persons were 
collected and tested in 2013 for 
the presence of severe fever with 
thrombocytopenia syndrome virus–
specific IgG and IgM.

Figure 2. Seroprevalence of IgG to severe fever with 
thrombocytopenia syndrome virus in healthy persons from selected 
districts in Zhejiang Province, China, 2013.
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We investigated the infection rate for severe fever with 
thrombocytopenia syndrome virus (SFTSV) among ticks col-
lected from humans during May–October 2013 in South Ko-
rea. Haemaphysalis longicornis ticks have been considered 
the SFTSV vector. However, we detected the virus in H. lon-
gicornis, Amblyomma testudinarium, and Ixodes nipponensis 
ticks, indicating additional potential SFTSV vectors.

Severe fever with thrombocytopenia syndrome (SFTS) 
is an emerging disease characterized by fever and 

thrombocytopenia. The syndrome is caused by SFTS vi-
rus (SFTSV), a member of the family Bunyaviridae, genus 
Phlebovirus (1). SFTSV is related to, but distinctly dif-
ferent from, Heartland viruses, which were isolated in the 
United States (2).

The first case of SFTS was reported in China during 
2010 (1), and in 2013, SFTSV infections were reported in 
South Korea and Japan (3–5). In South Korea, the first hu-
man case of SFTS was confirmed in May, 2013 (3). Al-
though person-to-person transmission of SFTSV through 
contact with the blood or mucus of an infected person has 
been reported (6,7), the virus is primarily transmitted to hu-
mans by the bite of SFTSV-infected ticks. The virus has 
been detected in Haemaphysalis longicornis Neumann 
(bush tick) and Rhipicephalus microplus Canestrini (south-
ern cattle tick) ticks (1,8).

H. longicornis ticks comprise the major population 
of ticks in the environment and have been considered the 
main vector for SFTSV (9,10). SFTSV has been detected 
in H. longicornis ticks collected from the environment 
by using the dragging or sweeping methods and from 
mammals. However, to our knowledge, the prevalence 
of SFTSV in ticks collected from humans has not been  

reported. To increase our understanding of SFTSV and its 
possible vectors, we determined the prevalence of SFTSV 
infection among various ticks collected from humans na-
tionwide in South Korea during May–October 2013.

The Study
We collected a total of 261 ticks (113 nymphal, 7 

adult male, and 141 adult female ticks) from humans dur-
ing May–October 2013. The ticks were placed in plastic 
tubes and transported to our laboratory for identification to 
species and developmental stage (11); we used a dissect-
ing microscope for identification purposes. Tick samples 
were homogenized in 600 μL of phosphate-buffered saline 
(pH 7.0) containing 10% fetal bovine serum (GIBCO BRL, 
Grand Island, NY, USA), penicillin (500 IU/mL, GIBCO 
BRL) and streptomycin (500 μg/mL, GIBCO BRL) by 
using the Precellys 24 tissue homogenizer (Bertin Tech-
nologies, Bretonneux, France) and 2.8-mm stainless steel 
beads. We used a viral RNA extraction kit (iNtRON Bio-
technology, Seongnam, South Korea) to extract RNA from 
the supernatant of the tick homogenates. To detect SFTSV 
RNA, we performed a 1-step reverse transcription PCR 
(RT-PCR) using a DiaStar 2× OneStep RT-PCR Pre-Mix 
Kit (SolGent, Daejeon, South Korea) with designed prim-
ers, MF3 (5′-GATGAGATGGTCCATGCTGATTCT-3′) 
and MR2 (5′-CTCATGGGGTGGAATGTCCTCAC-3′), 
under the following conditions: an initial step of 30 min 
at 50°C for reverse transcription and 15 min at 95°C for 
denaturation, followed by 35 cycles of 20 s at 95°C, 40 s 
at 58°C, and 30 s at 72°C, and a final extension step of 5 
min at 72°C.

Of the 261 identified ticks, 4 nymphal ticks and 18 
adult ticks had fed just before collection. The most abun-
dant tick was H. longicornis (81.2%, 212/261), followed 
by Amblyomma testudinarium Koch (6.5%, 17/261); Ixo-
des nipponensis Kitaoka and Saito (5.7%, 15/261); H. flava 
Neumann (5.4%, 14/261); and H. japonica Nutt and War-
burton, Ix. persulcatus Schulze, and Ix. granulatus Supino 
(0.4% each, 1/261) (Table).

We divided the 261 ticks into 189 pools to detect the 
medium (M) segment gene of SFTSV by RT-PCR: 18 
SFTSV-positive pools were detected. The SFTSV mini-
mum infection rate per 100 ticks (MIR) was 5.7% in H. 
longicornis (12 pools), 23.5% in A. testudinarium (4 pools), 
and 13.3% in Ix. nipponensis (2 pools) ticks. In fed ticks, 
the MIR was 18.2% (4 pools), and in unfed ticks, the MIR 
was 5.9% (14 pools). The mean prevalence of SFTSV in 
the ticks in the study was 6.9%.

We identified the sequences for the SFTSV-positive 
tick pools by using the TA cloning method and a TOPO TA 
Cloning Kit (Invitrogen, Carlsbad, CA, USA). Because of 
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a cloning failure, the sequence of 1 positive tick pool was 
not determined. The sequences obtained from 17 SFTSV-
positive tick pools were submitted to GenBank (accession 
nos. KF781489–513).

Sequences from the SFTSVs detected showed 92.3%–
98.8% identity with the partial sequence of the M segment 

from 17 SFTSV strains from South Korea and from 17 
other SFTSV strains from China and Japan. Using the 
neighbor-joining method, we constructed a phylogenetic 
tree based on the partial M segment sequences (560 bp) 
obtained in this study and from SFTSV sequences in 
GenBank. The 17 strains from South Korea were closely  
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Table.Ticks collected from humans in South Korea during a study of severe fever with thrombocytopenia syndrome virus, 2013* 
Tick species, developmental stage No. ticks No. pools No. SFTSV-positive pools MIR, % 
Haemaphysalis longicornis     
 Larvae 0 0 0 0 
 Nymphs 85 34 1 1.2 
 Adults, sex     
  M 5 5 0 0 
  F 122 109 11 9.0 
 Subtotal 212 148 12 5.7 
Haemaphysalis flava     
 Larvae 0 0 0 0 
 Nymphs 9 4 0 0 
 Adults, sex     
  M 2 2 0 0 
  F 3 3 0 0 
 Subtotal 14 9 0 0 
Haemaphysalis japonica     
 Larvae 0 0 0 0 
 Nymphs 0 0 0 0 
 Adults, sex     
  M 0 0 0 0 
  F 1 1 0 0 
 Subtotal 1 1 0 0 
Amblyomma testudinarium     
 Larvae 0 0 0 0 
 Nymphs 16 13 4 25.0 
 Adults, sex     
  M 0 0 0 0 
  F 1 1 0 0 
 Subtotal 17 14 4 23.5 
Ixodes nipponensis     
 Larvae 0 0 0 0 
 Nymphs 3 3 2 66.7 
 Adults, sex     
  M 0 0 0 0 
  F 12 12 0 0 
 Subtotal 15 15 2 13.3 
Ixodes persulcatus     
 Larvae 0 0 0 0 
 Nymphs 0 0 0 0 
 Adults, sex     
  M 0 0 0 0 
  F 1 1 0 0 
 Subtotal 1 1 0 0 
Ixodes granulatus     
 Larvae 0 0 0 0 
 Nymphs 0 0 0 0 
 Adults, sex     
  M 0 0 0 0 
  F 1 1 0 0 
 Subtotal 1 1 0 0 
Total     
 Larvae 0 0 0 0 
 Nymphs 113 54 7 6.2 
 Adults, sex     
  M 7 7 0 0 
  F 141 128 11 7.8 
 Total 261 189 18 6.9 
*Pools of nymphal and adult ticks contained 1–30 ticks/pool and 1–5 ticks/pool, respectively. MIR, SFTSV minimum infection rate per 100 ticks (no. 
positive pools/total no. ticks assayed); SFTSV, severe fever with thrombocytopenia syndrome virus. 

 



related to the SFTSV strains from humans and ticks in 
China and Japan (Figure).

Conclusions
H. longicornis ticks have been considered the princi-

pal tick vector of SFTSV; there is limited information on 
SFTSV infection by other tick species. On the basis of our 
findings, we propose that A. testudinarium and Ix. nippon-
ensis ticks, from which we detected SFTSV, might serve as 
potential vectors of this virus in South Korea. However, the 
presence of viral RNA in a tick does not confirm that the 
tick can transmit the virus. To our knowledge, A. testudi-
narium and Ix. nipponensis ticks have not previously been 
considered as SFTSV vectors.

Further studies, including studies to isolate SFTSV 
from infected tick vectors and laboratory vector compe-
tence studies, are needed to confirm whether A. testudina-
rium and Ix. nipponensis ticks transmit SFTSV to humans. 
We attempted to isolate SFTSV from the SFTSV-positive 
ticks in our study by using Vero E6 cells but were unable 
to do so.

Adults and nymphs of Haemaphysalis and Ixodes spp. 
have been collected most frequently from humans, but 
larvae have not been collected. We did not detect SFTSV 
from adult male ticks in our study; however, the number 
of collected ticks was small. In another study in South Ko-
rea, ticks were collected from medium- and large-sized 
mammals (9), and the species and developmental stage of 
ticks in that study were similar to those in our study. In that 
study, H. longicornis and Ix. nipponensis ticks were most 
frequently found on wild boar, water deer, roe deer, rac-
coon dog, Siberian weasel, Asian badger, and leopard cat. 
Although A. testudinarium ticks were not collected from 
mammals in that study, we did collected them from humans 
in our study.

The prevalence of SFTSV in H. longicornis ticks in 
our study was 5.7%. In 27 other localities in 9 South Ko-
rean provinces, the mean SFTSV MIR of H. longicornis 
ticks collected by dragging or sweeping in the environment 
was 0.5% (S.-W. Park et al., unpub. data). In a study of 
SFTSV in China, 0.7%–5.4% of the tick population was 
positive for SFTSV (13). In the United States, 0.02% of 
field-collected ticks were positive for Heartland virus (14). 
The SFTSV MIR for ticks in Japan has not been reported.

Farmers and agricultural and forest workers from 
rural areas are at high risk for SFTS because their work 
environment increases their risk of contact with SFTSV-
infected ticks (15). In our study, most ticks were collected 
from persons who lived in rural areas. Although 18 per-
sons were bitten by ticks infected with SFTSV, not all 
of them had signs or symptoms of SFTS. This finding 
suggests that further studies are needed to obtain a de-
tailed understanding of SFTS as an emerging tickborne 
viral disease and to develop preventive measures for  
the disease.
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Figure. Phylogenetic analysis of severe fever with thrombocytopenia 
syndrome viruses based on the partial medium segment sequences 
(560 bp). The tree was constructed by using the neighbor-joining 
method based on the p-distance model in MEGA5 (12) (5,000 
bootstrap replicates). Uukuniemi virus was used as the outgroup. 
Scale bar indicates the nucleotide substitutions per position. Among 
the 17 South Korean strains identified in this study, the Korean 
strains detected from Haemaphysalis longicornis, Amblyomma 
testudinarium, and Ixodes nipponensis ticks are marked with open 
circles, squares, and triangles, respectively. Numbers at nodes 
indicate bootstrap values.
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During the early stage of the avian influenza A(H7N9) 
epidemic in China in March 2013, a strain of the virus was 
identified in a 4-year-old boy with mild influenza symptoms. 
Phylogenetic analysis indicated that this strain, which has 
similarity to avian subtype H9N2 viruses, may represent a 
precursor of more-evolved H7N9 subtypes co-circulating 
among humans.

Influenza A(H7N9) virus infected >400 persons in China 
during March 2013–April 2014 (1–3) in China. Although 

this virus does not appear to be readily transmitted from 
person to person, its identification in a wide geographic 
area of China and discovery of amino acid changes asso-
ciated with mammalian adaption of the virus have caused 
increased concerns for a pandemic (1,2). 

The origin and evolution of the H7N9 subtype have 
been discussed intensively based on the results of phylo-
genetic analysis of the available sequences (1,4–8). The 
hemagglutinin (HA) and neuraminidase (NA) genes of 
the H7N9 subtype that circulated among humans during 
2013 were possibly introduced from wild birds that car-
ried differing subtype H9N2 strains and then reassorted 
in domestic birds such as chickens (4–6). A/brambling/
Beijing/16/2012(H9N2) (BJ16)–like virus and/or other 
related avian virus H9N2 strains are proposed to be the 
sources of the internal genes of the 2013 H7N9 subtypes 
(5,7). However, the precise source and evolution route 
of strains in human H7N9 subtypes have not been well 
established (4–6). Intermediate or precursor strains are 
extrapolated to exist at the interface between avian and 
human H7N9 subtypes (5,6), but such strains have not  
been identified.

Here we report the identification of a distinct strain, 
A/Shanghai/JS01/2013(H7N9) (SH/JS01), which was de-
tected in a patient with mild influenza symptoms in Shang-
hai during March 2013, during the very early stage of the 
influenza A(H7N9) epidemic. Phylogenetic analysis in-
dicates that this strain may represent an earlier precursor 
of the more evolved H7N9 subtypes co-circulating at low 
levels at the time of isolation in March 2013 thus providing 
insight into the evolution of H7N9 subtypes.

The Study
A mild case of influenza A(H7N9) virus infection was 

identified in a 4-year-old boy in a rural area of Jinshan Dis-
trict, Shanghai, reported on March 31. The patient had been 
exposed to poultry. His signs and symptoms included acute 
fever (maximum 39° axillary), cough, nasal drainage, and 
tonsillitis. A diagnosis of upper respiratory tract infection 
was made, and the child recovered after 5 days of antiviral 
drug therapy (9,10). Nasal swab specimens were positive 
for influenza A(H7N9) virus by using real-time RT-PCR 
(11), as recommended by the World Health Organization. 
Although his family members, unrelated workers, and 
chickens he may have had contact with were tested, none 
tested positive for influenza virus.

The whole genome sequence of the SH/JS01strain 
was amplified from the nasal swab specimen by using 
RT-PCR (primer sequences available upon request). Strict 
controls were used during PCR amplification; results were 
confirmed by another laboratory to exclude contamination 
with laboratory strains. We constructed maximum likeli-
hood trees of each gene segment sequence using the gener-
al time-reversible model implemented in MEGA 5.1 (12), 
and estimated divergence time using the Bayesian Mar-
kov chain Monte Carlo method implemented in BEAST 
(v1.6.1) (13). We compared all known strains of the 2013 
H7N9 subtype and other referenced influenza virus se-
quences deposited in GISAID (http://platform.gisaid.org/
epi3/frontend#57f951) and GenBank (Table 1 and online 
Technical Appendix Figures 1–8; http://wwwnc.cdc.gov/
EID/article/20/8/14-0325-Techapp.pdf).

The critical mutations in the SH/JS01 strain associated 
with virulence and mammalian adaption were compared to 3 
prevalent H7N9 subtype reference strains: A/Shanghai/1/2013 
(SH/1), A/Shanghai/2/2013 (SH/2), and A/Anhui/1/2013 
(AH/1). In the HA gene of SH/JS01, the only mammalian 
adapting substitution observed was 138A (H3 numbering); 
amino acid residues involved in receptor-binding specific-
ity showed avian-like signatures, including 186G and 226Q, 
which were similar to SH/1 but distinctive from SH/2 and 
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AH/1. In the internal genes of SH/JS01, we observed some 
human-like and mammalian-adapting signatures, including 
89V in polymerase basic subunit (PB)2, 368V in PB1, 356R in 
the RNA polymerase acidic subunit, 42S in nonstructural gene 
1, and 30D and 215A in matrix gene 1; however, some hall-
mark changes involved in mammalian adaptation still showed 
avian signatures, including 627E and 701D in PB2 and 100V 
and 409S in the RNA polymerase acidic subunit (Table 2). 
Most strikingly, SH/JS01 retained aa 69–73 (N9 numbering) 
in the stalk region of the NA gene. In contrast, deletion of aa 
69–73, which is considered to occur when viruses adapt to ter-
restrial birds, prevailed in all the known 2013 H7N9 subtype 

isolates (14) (Table 2, and Figure). These findings indicate 
that SH/JS01 is genetically distinct from all the known human 
influenza A(H7N9) strains and carries more avian influenza- 
like signatures.

Phylogenetic analysis and divergence time estima-
tion showed that the SH/JS01 HA gene diverged in Oc-
tober 2005 and was closely related to SH/1; nucleotide 
similarity was 99.7% (online Technical Appendix Figure 
1). However, the NA gene, which is most closely related 
to A/northern shoveler/Hong Kong/MPL133/2010(H2N9) 
and A/duck/Jiangxi/21714/2011(H11N9) with nucleotide 
similarity of 99% and 99.3%, respectively, are estimated 
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Table 1. The GenBank accession numbers, gene clade, and estimated divergent time of the sequences for A/Shanghai/JS01/2013* 
Gene segment GenBank accession no. Gene clade† Estimated time of divergence‡ 
PB2 KF609508 Minor Jul 2010 
PB1 KF609509 Major Jun 2002 
PA KF609510 Minor Mar 2012 
HA KF609511 ND Oct 2005 
NP KF609512 Major Jan 2001 
NA KF609513 ND Sep 2010 
M KF609514 Minor May 2011 
NS KF609515 ND Oct 1996 
*PB, polymerase basic subunit; PA, RNA polymerase acidic subunit; HA, hemagglutinin; NP, nucleoprotein; NA, neuraminidase; M, matrix gene; NS, 
nonstructural gene. 
†Defined according to reference (5); ND, not divided: HA, NA, and NS genes were not divided into clades. 
‡Calculations based on sequences in online Technical Appendix (http:wwwnc.cdc.gov/EID/article/20/8/14-0325-Techapp1.pdf).  

 

 
Table 2. Analysis on critical mammalian-adapting amino acid substitutions in H7N9 virus strains*† 

Gene Site SH/JS01 SH/1 SH/2 AH/1 
Known 

mutations  Relationship to mammalian adaption 
HA 138 A S A A S138A Mammalian host adaption 
 186 G G V V G186V Unknown 
 226 Q Q L L Q226L Unknown 
 228 G G G G G228S Unknown 
NA 292 R K R R R292K Osteltamivir and zanamivir resistance 
 69–73 

deletion 
No Yes Yes Yes Not 

applicable 
Deletion of 69–73 Increased virulence in mice 

PB2 63 I I I I I63T Co-mediate with PB1 677M, to reduce pathogenicity of 
H5N1 viruses 

 89 V V V V L89V Enhanced polymerase activity and increased virulence in 
mice 

 471 T T T T T471M Viral replication, virulence, and pathogenicity 
 591 Q Q Q Q Q591K Adapt in mammals that compensates for the lack of PB2–

627K 
 627 E K K K E627K Enhanced polymerase activity and increased virulence in 

mice 
 701 D D D D D701N Enhanced transmission in guinea pigs 
PB1 99 H H H H H99Y Results in transmissible of H5 virus among ferrets 
 353 K K K K K353R Determine viral replication, virulence, and pathogenicity 
 368 V I V V I368V Results in transmissible of H5 virus among ferrets 
 566 T T T T T566A Determine viral replication, virulence, and pathogenicity 
 677 T T T T T677M Co-mediate with PB2 I63T to reduce pathogenicity of 

H5N1 viruses 
PA 100 V A A A V100A Related to human adaption 
 356 R R R R 356R Related to human adaption 
 409 S N N N S409N Enhances transmission in mammals 
M1 30 D D D D N30D Increased virulence in mice 
 215 A A A A T215A Increased virulence in mice 
M2 31 N N N N S31N Reduced susceptibility to amantadine and rimantadine 
NS1 42 S S S S P42S Increased virulence in mice 
*HA, hemagglutinin; NA, neuraminidase; SH/JS01, A/Shanghai/JS01/2013(H7N9); SH/1, A/Shanghai/1/2013 (H7N9); SH/2, A/Shanghai/2/2013 (H7N9); 
AH/1, A/Anhui/1/2013 (H7N9); PB, RNA polymerase basic subunit; PA, RNA polymerase acidic subunit; M, matrix gene; NS, nonstructural gene. 
†Boldface text indicates the mutant amino acids sites related to mammalian host adaption and increased virulence. 

 



to have diverged in September 2010, earlier than that of 
known strains of the 2013 H7N9 subtype (estimated to 
have occurred in January 2011) (Table 1; online Technical 
Appendix Figure 2).

On the basis of internal genes, 2013 H7N9 viruses have 
been divided into minor (m) and major (M) clades in the 
phylogenetic trees, and first 9, then 27 genotypes (5,6,8). Our 
data showed that SH/JS01 belongs to the m-PB2|PA|M or G3 
genotype (Table 1; online Technical Appendix Figures 3–8); 
its NS gene and that of A/Chicken/Dawang/1/2011(H9N2) 
(DW1), shared the highest nt identity (99.4%). The SH/JS01 
NS gene had an estimated divergence time as early as Octo-
ber 1996 (Table 1; online Technical Appendix Figure 3). The 
closest relatives of the SH/JS01 M gene were poultry H9N2 
strains A/chicken/Jiangsu/CZ1/2012 and A/chicken/Jiang-
su/NTTZ/2013 (nt identity 99.7%); BJ16 (98.6%) was not 
closely related. The divergence time of the SH/JS01 M gene 
is estimated as May 2011, which is earlier than most 2013 
H7N9 isolates (Table 1; online Technical Appendix Figure 
4). The PB2 and PA genes of SH/JS01 were positioned in 
minor clades and showed higher identities to A/chicken/ 
Jiangsu/MYJMF/2012(H9N2) (99.2% and 99.3%, respec-
tively) than to BJ16 (97.1% and 98%) (Table 1; online 
Technical Appendix Figures 5, 6). In contrast, the PB1 and 
NP genes of SH/JS01 belong to the major lineage (Table 
1; online Technical Appendix Figures 7, 8). Collectively, 
these data indicate that, except for PB1 and NP, the internal 
genes of SH/JS01 are more closely related to those in poul-
try H9N2 viruses identified before 2013 than to BJ16, which 
was an H9N2 virus considered to be the donor of most of 
internal genes of the 2013 H7N9 virus.

Conclusions
SH/JS01, a distinct H7N9 virus strain identified in 2013 

during the early stage of the influenza A(H7N9) epidemic 
in China, provided information to define the evolution of 
the H7N9 subtype. Although identified in an infected hu-
man, SH/JS01 has more avian-prone properties and fewer  

mammalian-adapting mutations than other known human 
2013 H7N9 subtypes. SH/JS01 has a waterfowl-like NA 
gene characterized by the absence of a deletion in the NA 
stalk and most of its internal genes are more closely related 
to avian H9N2 subtype strains isolated during the 2011–2012 
influenza season than to other recently emerged strains of the 
H7N9 subtype. Molecular clock analysis further predicted 
an earlier divergence time in most genes of SH/JS01. These 
findings indicate that SH/JS01 might be a precursor strain of 
the H7N9 virus that co-circulated with more evolved viruses, 
although we cannot exclude that SH/JS01 may have been 
generated independently from the other H7N9 strains by re-
assortment of waterfowl strains with avian H9N2 strains and 
then transmitted directly to a human.

The sequences of SH/JS01 contained more avian-
like signatures than those of other H7N9 isolates from 
humans; this underscores the potential of these viruses 
to infect humans. The phenotypic characteristics of SH/
JS01, which might describe its zoonotic potential, remain 
to be investigated. 

It is unclear whether other SH/JS01–like viruses are 
still circulating in poultry in China and if so, what the po-
tential is for their evolution and ability to infect humans. 
Intensive influenza surveillance and additional influenza A 
virus genome sequences isolated from poultry and from hu-
mans with severe and mild manifestations of infection are 
needed to clarify the population dynamics of H7N9 viruses.
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Three days after donation of peripheral blood stem 
cells to a recipient with acute myeloblastic leukemia, den-
gue virus was detected in the donor, who had recently trav-
eled to Sri Lanka. Transmission to the recipient, who died 9 
days after transplant, was confirmed. 

Dengue virus (DENV), an arthropod-borne RNA vi-
rus of the Flaviviridae family, has 4 serotypes that 

cause dengue fever or dengue hemorrhagic fever in hu-
mans. DENV has become a worldwide public health prob-
lem: current estimates indicate 390 million DENV infec-
tions and 96 million clinically apparent cases in 2010 (1).  
The virus is found in tropical and subtropical regions 
around the world and is hyperendemic to areas in Asia and 
Latin America (1). 

Hematopoietic stem cell transplantation has become 
a major treatment option for patients with hematopoi-
etic malignancies and immune deficiencies. Each year, 
>50,000 allogeneic transplants are performed worldwide 

(2). Despite mandatory testing of donors and strict ex-
clusion criteria to prevent transmission, risk remains for 
transmission of communicable diseases, including tropi-
cal diseases for which screening is not usually performed. 
To the best of our knowledge, only the transmission of 
malarial parasites has been reported during stem cell trans-
plantation (3,4). Here, we report transmission of DENV to 
a peripheral blood stem cell recipient by a donor who had 
recently traveled to an area to which the virus is endem-
ic. We recommend testing of recent travelers returning 
from areas to which DENV is endemic before allowing  
such donations.

The Study
Acute myeloblastic leukemia was diagnosed in a 

51-year-old man in Germany in September 2012. Accord-
ing to international standards, cytogenetic and molecular 
examination determined that this form of leukemia was 
“poor risk” at the time of diagnosis. Because of the pa-
tient’s risk status, the physicians intended to perform al-
logeneic stem cell transplantation after induction and con-
solidation chemotherapy, which was scheduled to end in 
January 2013, and a conditioning chemotherapy regimen, 
which was planned to be given in March. Because of lack 
of a related HLA-matched donor, an international donor 
search was performed; 1 fully matched unrelated female 
donor was identified in the German National Registry.  
The 24-year-old woman, who was registered as a volun-
teer donor in the German Bone Marrow Donor Registry,  
was selected.

The donor had scheduled a trip to Sri Lanka, and was to 
return 3 days before the scheduled start of granulocyte-col-
ony-stimulating factor (G-CSF) application. According to 
German (http://www.zrkd.de/de/_pdf/ZRKD_Standards-
V9_deutsch.pdf) and international (http://www.worldmar-
row.org/fileadmin/Committees/STDC/20140101-STDC-
WMDA_Standards.pdf) guidelines, such travel should 
have led to the postponement of donation because many 
infectious diseases are endemic to Sri Lanka. However, the 
donor was unable to postpone her trip, and the recipient 
was in urgent need of the transplant. The transplant physi-
cians agreed to keep the dates as scheduled and confirmed 
the exception as Declaration of Urgent Medical Need of 
the transplant.

Five days before the scheduled transplant (day –5), the 
recipient tested positive for Klebsiella pneumoniae infec-
tion of the central venous catheter. The catheter was re-
moved and piperacillin/tazobactam treatment was initiated. 

The donor had returned from her trip 3 days before 
the start of G-CSF-injections without any signs of infec-
tion. On the day of apheresis (day 0), the donor showed 
signs of a respiratory infection with axillary temperature 
of <39°C, bone pain, and headache. Oral azithromycin  
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(2 × 250 mg/d) and ibuprofen 400 mg were given. The stem 
cell mobilization result was poor: 11 CD34+ cells/mL pe-
ripheral blood (0.04% of leukocytes) were measured at the 
beginning of apheresis. Before apheresis, the donor’s blood 
count showed mild thrombocytopenia (134,000 cells/mL) 
after G-CSF mobilization. Standard leukopheresis process-
ing of 14 L of blood from the donor was performed with-
out problems. Approximately 90 × 106 CD34+ cells, corre-
sponding to 106 CD34+ progenitor cells per kg bodyweight 
of the recipient, could be collected. 

A second apheresis or a bone marrow collection was 
considered, but neither was performed because the clinical 
condition of the donor worsened. Her temperature increased 
to 41°C, the platelet count dropped from 84,000 cells/mL on 
day 0 to 74,000/mL the day after. In the morning of the sec-
ond day after apheresis (+2), the platelet count dropped to 
47,000/mL, procalcitonine level was elevated at 1.10 µg/L, 
C-reactive protein level was elevated at 10.5 mg/L, and a 
slight skin rash developed. Because of the clinical course, 
on day +1, physicians suspected a possible DENV infec-
tion. A serum sample test showed a weak positive result 
for DENV by using IgM and IgG antibody tests (in-house 
indirect immunofluorescence assay), as used by Tappe et 
al. (5), and a strong positive result for DENV nonstruc-
tural protein-1 (NS1) antigen, demonstrating acute DENV 
infection. Quantitative real-time reverse transcription  

PCR for DENV RNA (6) was positive and showed a DENV 
RNA load of 2.6 × 1010 copies/mL. Testing of the sample 
containing the progenitor cells showed a DENV RNA load 
of 4.8 × 108 copies/mL.

After being informed about possible infection of the do-
nor, the transplant physicians administered immunoglobulin 
to the recipient intravenously (0.5 g/kg/y for 4 days). At post-
transplantation day +3, antibiotic drug therapy was switched 
from piperacillin/tazobactam to meropenem. On the same 
day, physical examination revealed painful hepatomegaly 
and increased total bilirubin, diagnosed as hepatic veno-oc-
clusive disease (Table). Therefore, defibrotide prophylaxis, 
which had been initiated on day –8, was increased to treat-
ment dose. On day +7, empiric antifungal therapy was added. 
On the same day, Staphylococcus epidermidis was detected 
in blood cultures and vancomycin was given. On day +8, the 
recipient experienced severe abdominal pain accompanied 
by hematochezia, hypoxia, and metabolic acidosis. Bacterio-
logic culture of a tracheal aspirate grew Acinetobacter bau-
mannii, which was only susceptible to colomycin and tigecy-
clin. The recipient was transferred to the intensive care unit 
and died from cardiopulmonary arrest 9 days posttransplant. 
A blood sample from the recipient on day +3 was retrospec-
tively analyzed and tested negative for DENV IgM and IgG 
but positive for DENV NS1 antigen and DENV RNA with a 
DENV RNA load of 8.6 ×107 copies/mL. Sequencing of the 
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Table. Timeline of events before and after allogeneic stem cell transplantation for patient and donor, Germany* 
Time before (–) and after (+) transplantation Recipient event Donor event 
Month –5 Diagnosis of poor risk acute myeloblastic 

leukemia and introduction of chemotherapy 
Related donor assessment 

Months –5 to –2 Consolidation chemotherapy Unrelated donor search 
Month –2 NA Request of confirmatory typing (CT) and 

workup of the donor 
Day –28 NA Medical examination without any 

abnormalities 
Day –25 to day –9 NA Traveled to Sri Lanka 
Day –8 Conditioning regimen started 

(defibrotide prophylaxis) 
NA 

Day –5 Klebsiella pneumoniae infection of the 
central venous catheter; catheter was 

removed and piperacillin/tazobactam was 
given 

NA 

Day -6 to day –2 NA G-CSF mobilization of the donor 
Day –1 NA Stem cell collection; fever of unknown 

origin developed 
Day 0 Transplantation of the stem cell graft; 

information about fever of the donor 
Donor condition worsened suspect of 

tropical disease with thombocytopenia, 
skin rash and fever <41°C 

Day +3 Fever and clinical signs of hepatic veno-
occlusive disease with subsequent 

treatment 

DENV infection confirmed by laboratory 

Day +7 Staphylococcus epidermidis in blood 
cultures with subsequent  

vancomycin treatment 

NA 

Day +8 Hematochezia, metabolic acidosis, hypoxia, 
abdominal pain, and intensive care unit 

Donor slowly recovered  
from DENV infection 

Day +9 Patient died from enterocolitis/ 
hepatic veno-occlusive disease 

NA 

*NA, not applicable   

 



DENV amplicons from all samples demonstrated a DENV 
serotype 1 (DENV 1) genotype 1 infection of the donor 
and recipient. Phylogenetic analysis of the complete enve-
lope protein coding gene of DENV 1 strains revealed that 
the DENV 1 genotype 1 strains detected in the donor were 
closely related to currently circulating DENV 1 genotype 1 
strains in Sri Lanka (Figure).

Conclusions
This case demonstrates the transmission of DENV by al-

logeneic blood stem cell transplantation. However, although 
the transmission of DENV was demonstrated, the patient’s 
death was probably caused by hepatic veno-occlusive disease 
and toxic enterocolitis related to the conditioning regimen. 

To avoid transmission of tropical viruses such as 
DENV, under German Federal Ministry of Health rules, 

blood and stem cell donors are excluded from donation 4 
weeks after returning from areas to which such disease 
agents are endemic (7). DENV has an incubation period 
of 3–14 days, and the risk for transmission of such virus-
es under this exclusion is very low. Few cases of DENV 
transmission by blood transfusion or organ transplanta-
tion have been published or reported (8–11). This case 
represents a difficult situation: a patient in urgent need 
of a lifesaving transplant that must be performed without 
delay, and the only matched donor scheduled for travel to 
a region to which DENV is endemic. The physician de-
cided to proceed with the scheduled transplantation date 
because of the urgent need of his patient, although he was 
aware of the risk for transmission of tropical diseases. 

In such situations it is difficult to estimate the risk/ben-
efit ratio, so it will require a case-by-case decision between 
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Figure. Bayesian phylogenetic tree based on complete envelope protein coding gene of dengue virus 1 (DENV-1) serotype. The tree was 
constructed by using the Bayesian Markov Chain Monte Carlo sampling method and BEAST software (http://beast.bio.ed.ac.uk). The 
general time reversible model of sequence evolution with gamma-distributed rate variation among sites and a proportion of invariable sites 
and a relaxed (uncorrelated log-normal) molecular clock model were used. Bayesian posterior probabilities and percentages of replicate 
trees in which the associated taxa clustered in the bootstrap test (1,000 replicates) obtained by using a maximum-likelihood analysis are 
shown at the branches. Strains are denoted by GenBank accession number, name, year of isolation, and country of origin. The strain BNI-
5201 from this study is highlighted. Scale bar indicates mean number of nucleotide substitutions per site.



Dengue Virus Transmission by Blood Stem Cell Donor

donor interests and recipient needs. All diagnostic tools 
should be used to minimize the risk for viral transmission 
before transplantation. This could have been easily accom-
plished in this case, because preprocedure samples from the 
donor tested positive for DENV NS1 antigen. Thus, we rec-
ommend highly sensitive and specific testing for DENV NS1 
antigen (12) of every donor returning from regions to which 
DENV is endemic for DENV NS1 antigen if transplantation 
cannot be postponed because of urgent medical need.
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We found serologic evidence for the circulation of Mid-
dle East respiratory syndrome coronavirus among drome-
dary camels in Nigeria, Tunisia, and Ethiopia. Circulation of 
the virus among dromedaries across broad areas of Africa 
may indicate that this disease is currently underdiagnosed 
in humans outside the Arabian Peninsula.

A novel betacoronavirus, Middle East respiratory syn-
drome coronavirus (MERS-CoV), was identified as 

the cause of severe respiratory disease in humans during 
2012 (1). In August 2013, dromedary camels (Camelus 
dromedarius) were implicated for the first time as a pos-
sible source for human infection on the basis of the pres-
ence of MERS-CoV neutralizing antibodies in dromedaries 
from Oman and the Canary Islands of Spain (2). Since then, 
the presence of MERS-CoV antibodies in dromedaries has 
been reported in Jordan (3), Egypt (4,5), the United Arab 
Emirates (6,7), and Saudi Arabia (8,9). In October 2013, 
analysis of an outbreak associated with 1 barn in Qatar (10) 
found dromedaries and humans to be infected with nearly 

identical strains of MERS-CoV. Further proof of wide-
spread circulation of MERS-CoV among dromedaries was 
provided by studies from Egypt and Saudi Arabia (5,9). 
These findings have raised questions about the geographic 
distribution of MERS-CoV among camel populations else-
where. Here, we report our assessment of the geographic 
distribution of MERS-CoV circulation among dromedaries 
in Africa by serologic investigation of convenience sam-
ples from these animals in Nigeria, Tunisia, and Ethiopia.

The Study
In Nigeria, serum samples from 358 dromedaries that 

were raised for meat production were collected at abattoirs 
in 4 provinces (Kano, n = 245; Sokoto, n = 51; Borno, n 
=  51; and Adamawa, n = 11; Figure 1, panel A) during 
2010–2011 for testing for peste des petits ruminants virus. 
The ages of the animals ranged from 4 to 15 years. The abat-
toirs also served the neighboring countries of Chad, Niger, 
and the Central African Republic. In Tunisia, serum sam-
ples from 204 dromedaries that were 1 to 16 years of age 
were collected in 3 provinces in 2009 and 2013 (Figure 1, 
panel B). Samples were collected from 155 dromedaries in 
Sidi Bouzid Province from 27 herds that were kept for meat 
production and from 39 dromedaries in Kebili Province 
from 16 herds that were kept for tourist rides; samples from 
both provinces had originally been collected for a study in-
vestigating the presence of Anaplasma phagocytophilum. 
Samples were collected from 10 dromedaries from Sousse 
Province that were kept for meat production because they 
were suspected of being infected with Trypanosoma evansi. 
In Ethiopia, samples from 188 dromedaries, 1 to 13 years 
of age, were collected as part of a study evaluating the pres-
ence of toxoplasmosis and respiratory tract diseases in 3 
provinces (Afar, n = 118; Somalia, n = 11; and Oromia, n = 
59; Figure 1, panel C) during 2011–2013. All samples were 
taken by jugular vein puncture according to local laws, and 
serum samples were stored at –20°C until testing. All serum 
samples were shipped to the Erasmus MC laboratory in the 
Netherlands in agreement with Dutch import regulations.

The serum samples were tested for the presence of IgG 
antibodies reactive with S1 antigens against MERS-CoV 
(residues 1–747), severe acute respiratory syndrome CoV 
(residues 1–676), and human CoV OC43 (residues 1–760) 
by using extensively validated protein-microarray tech-
nology, as described (2,3,6,11). Results were expressed 
as relative mean fluorescent intensity (RFU) for each set 
of quadruplicate spots of antigen, with a cutoff of 4,000 
RFU as used by Meyer et al. (6). Human CoV OC43 S1 
was used as a proxy for bovine coronavirus (BCoV), the 
latter of which is known to circulate commonly in drom-
edaries (7,12). High percentages of animals seropositive 
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for MERS-CoV were observed in Nigeria and Ethiopia; 
the overall seropositivity was 94% in adult dromedaries in 
Nigeria and 93% and 97% for juvenile and adult animals, 
respectively, in Ethiopia (Table 1). All provinces in which 
dromedaries were sampled in both countries showed high 
rates of seropositivity (Figure 1). The overall seropositivity 
in dromedaries in Tunisia was 30% for animals ≤2 years of 
age and 54% for adult animals. Seropositivity of 36% and 
40% was observed in Sidi Bouzid and Sousse Provinces, 
respectively, and 100% of the dromedaries in the southern 
province of Kebili were seropositive. Array results were 
confirmed on a selection of positive and negative serum 
samples (n = 14 per country) in MERS-CoV neutralization 
tests performed as described (2) (Table 2). Serum samples 
from 72%, 82%, and 67% of the dromedaries from Nigeria, 
Ethiopia, and Tunisia, respectively, reacted with the OC43 
antigen, confirming common circulation of BCoV in cam-
elids (7,12). All samples tested negative for severe acute 
respiratory syndrome CoV (data not shown).

Conclusions
Since the discovery of MERS-CoV in 2012, accu-

mulating serologic and molecular evidence demonstrates 

that the virus in dromedaries is genetically very similar 
to MERS-CoV in humans and points to the conclusion 
that dromedary camels are reservoirs for human infec-
tion. MERS-CoV genomic fragments have been detected 
in dromedaries in Qatar (10) and Saudi Arabia (9); near 
full-genome sequences have been generated from drom-
edaries in Egypt (5) and full-genome sequences have been 
generated from dromedaries in Saudi Arabia (13). Here, we 
show serologic evidence for circulation of MERS-CoV or 
MERS-like CoV in dromedaries in countries in East, West, 
and North Africa, with possible herd-specific differences in 
prevalence in Tunisia. The lower seropositivity observed in 
herds raised for meat production in Tunisia might reflect a 
high turnover of camels with a continuous introduction of 
animals unexposed to the MERS-CoV into these herds. No 
camels imported from neighboring countries were found 
at the meat-producing farms in Sidi Bouzid and Sousse, 
only camels purchased from other farms in the same area 
or other areas in Tunisia. However, animals are frequently 
moved between Libya and Kebili for trade.

Samples in this study were collected during 2009–
2011, confirming observations by us and others (6) that 
the virus circulated well before March 2012, which is the  
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Figure 1. Countries and provinces 
sampled in this study: A) Nigeria, 
B)Tunisia, and C) Ethiopia. Black 
outline indicates provinces in 
which samples were collected. 
Serologic results are indicated 
in each province as percentage 
seropositive for Middle East 
respiratory syndrome coronavirus 
(total no. dromedaries tested). 
Maps adapted from http://d-maps.
com/index.php



estimated time of identification of the most common ances-
tor for the MERS-CoV strains found in humans to date (14). 
The earliest serologic indication for circulation of MERS-
CoV or MERS-like CoV in dromedaries was observed in 
1992; however, this result was based on results of a whole-
virus ELISA with undescribed specificity (9). On the basis 
of well-validated array and neutralization tests, the study of 
dromedaries in the United Arab Emirates showed the pres-
ence of MERS-CoV or MERS-Cov–like antibodies as early 
as 2003 (6). The accumulated data on MERS-CoV serol-
ogy in dromedaries (Figure 2; Table 1) show circulation of 
MERS-CoV or MERS-like CoV in dromedaries in Africa 
and the Arabian Peninsula well before 2012, when the first 
cases in humans were identified, and show overall high lev-
els of seropositivity, including in animals from countries 
without reported human cases. 

A question raised by these findings is whether human 
cases occur outside the Arabian Peninsula and if such cases 
are currently underdiagnosed in Africa. In addition, for the 
whole region, the possibility exists that MERS-CoV ill-
ness occurred before its discovery in 2012 and that such  

infection has been overlooked in the areas with evidence for 
virus circulation among animals during the past 10 years. 
Retrospective studies of cohorts of humans with respiratory 
illnesses of unknown etiology should address this notion. 

Alternative explanations for the lack of cases in Africa 
could be the following: a different risk profile, for instance, 
related to demographics and local practices; or subtle genetic 
differences in the circulating virus strain. Full-genome se-
quencing, virus isolation, and phenotypic characterization of 
viruses circulating outside the Arabian Peninsula will resolve 
this issue. Meanwhile, awareness of MERS-CoV infections 
should be raised among clinicians in Africa.

Acknowledgments
We thank Lotfi Sayahi from Tunisia for collecting sam-

ples within the framework of his dissertation of veterinary 
medicine within the research laboratory, funded by the Tu-
nisian Ministry of Higher Education and Research. We also 
thank C. van Maanen and C. Gortazar-Schmidt for establishing 
contact between this research group and researchers in Nigeria 
and Tunisia.

DISPATCHES

1372	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014

Page 1 of 1 

Table 1. Overview of serologic evidence for Middle East respiratory syndrome coronavirus among dromedary camels, Africa and the 
Arabian Peninsula 

Country Year No. camels* 
% Middle East respiratory syndrome 

coronavirus antibodies Reference 
United Arab Emirates 2013 500 (A,J) 96†,‡,§,¶ (6) 
 2013 59 (A) 97#, 100**, 98§ (7) 
 2003 151 (A) 100‡,§ (6) 
Egypt 2013 110 (A) 94§, 98†† (4) 
 2013 17 (A) 82†† (5) 
Spain (Canary Islands) 2012–2013 97 (A) 14§,¶ (2) 
 2012–2013 8 (J) 13§,¶ (2) 
Ethiopia 2010–2011 31 (J) 93¶ This study 
 2010–2011 157 (A) 97¶ This study 
Ethiopia, Sudan 2013 35 (A) 97†† (5) 
Jordan 2013 11 (J) 100§,¶ (3) 
Nigeria 2010–2011 358 (A) 94¶ This study 
Oman 2013 50 (A) 100§,¶ (2) 
Qatar 2013 14 (A) 100§,¶ (10) 
Saudi Arabia 2010–2013 65 (J) 72†† (8) 
 2010–2013 245 (A) 95†† (8) 
 2013 104 (J) 55‡‡ (9) 
 2013 98 (A) 95‡‡ (9) 
 2010 21 (J) 76‡‡ (9) 
 2010 23 (A) 91‡‡ (9) 
 2009 56 (J) 72‡‡ (9) 
 2009 26 (A) 92‡‡ (9) 
 2004 6 (A) 100‡‡ (9) 
 1996 6 (A) 100‡‡ (9) 
 1994 123 (A) 93‡‡ (9) 
 1993 2 (A) 100‡‡ (9) 
 1992 1 (A) 100‡‡ (9) 
Tunisia 2009 46 (J) 30¶ This study 
 2009 158 (A) 54¶ This study 
*Camel age range indicated where known. J, juvenile ≤2 y of age; A, adult >2 y of age. 
†Determined by recombinant spike immunofluorescence assay.  
‡Determined by neutralization test. 
§Determined by nucleocapsid western blot. 
¶Determined by S1 micro-array.  
#Determined by whole virus IFA. 
**Determined by pseudoparticle neutralization test. 
††Determined by complete virus infected cell ELISA. 
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Table 2. Background data and Middle East respiratory syndrome coronavirus serology results of selected camel serum samples from 
Nigeria, Ethiopia, and Tunisia* 
Country, sample ID Region Age Sex MERS S1 (1:20) MERS S1 (1:320) MERS S1 (1:640) VNT 
Nigeria        
 1 Kano 7 M 63410 52,254 NT 640 
 2 Kano 2 F 63,022 10,998 4,585 320 
 3 Adamawa 6 M 63,146 41,200 20,627 1,280 
 4 Kano 2 M 63,213 63,331 63,353 1,280 
 5 Sokoto 2 F 63,123 8,215 – 80 
 6 Borno 7 M 63,173 13,873 7,471 160 
 7 Borno 6 F 63,065 63,065 NT 2,560 
 8 Sokoto 7 F 64,118 63,285 54,669 640 
 9 Borno 6 M 63,592 28,033 NT 80 
 10 Sokoto 6 F 64,176 63,427 35,190 640 
 11 Sokoto 2 F – NT NT <20 
 12 Adamawa 7 M – NT NT <20 
 13 Unknown 7 M – NT NT <20 
 14 Kano 7 M – NT NT <20 
Ethiopia        
 1 Somali 5 F 63,592 63,357 50,563 640 
 2 Afar 6 F 63,341 63,005 NT 2,560 
 3 Afar 13 F 63,366 63,205 63,467 1,280 
 4 Afar 10 F 63,206 63,299 NT 640 
 5 Afar 5 F 63,466 10,583 5,911 160 
 6 Fentale <4 M 63,408 63,480 60,135 1,280 
 7 Afar 4 F 63,476 33,909 19,161 80 
 8 Afar 4 F – NT NT <20 
 9 Afar 2 M – NT NT <20 
 10 Afar 1 F 10,937 NT NT <20 
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 14 Afar 1 F 63,401 19,087 9,834 80 
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 3 Sidi Bouzid 6 F – NT NT <20 
 4 Sidi Bouzid 1 M – NT NT <20 
 5 Kebili 7 M 63,139 – – 320 
 6 Kebili 4 M 63,113 – – 160 
 7 Sidi Bouzid 1 M – NT NT <20 
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 9 Sidi Bouzid 6 F – NT NT <20 
 10 Kebili 4 M 63,120 18,320 9,732 160 
 11 Sidi Bouzid <1 M – NT NT <20 
 12 Sidi Bouzid 2 F 63,060 63,236 63,366 2,560 
 13 Sousse 13 F 63,220 50,510 26,575 320 
 14 Sidi Bouzid 5 F – NT NT <20 
*MERS S1, Middle East respiratory syndrome coronavirus S1 micro-array. Serum dilutions tested 1:20, 1:320 or 1:640. Results expressed as relative 
mean fluorescent intensity (RFU) for each set of quadruplicate spots of antigen, with a cutoff of 4,000 RFU and >63.000 RFU as saturation signal; VNT, 
virus neutralization test (highest neutralizing serum dilution indicated); NT, not tested; –, negative. 
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Figure 2. Geographic distribution of 
serologic evidence for Middle East 
respiratory syndrome coronavirus 
(MERS-CoV) or MERS-like CoV 
circulation in dromedaries in 
Africa and the Arabian Peninsula. 
Gray shading indicates countries 
with seropositive dromedaries; 
solid black outline indicates 
countries with primary human 
cases; dotted outline indicates 
countries with secondary human 
cases. For each country with 
affected dromedaries, the year 
of sampling, % seropositive, total 
number tested, and age group 
are indicated. A, adult, >2 years of 
age; J, juvenile, ≤2 years of age. 
Details on serologic tests used and 
references are in Table 1.
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We encountered a case of severe murine typhus com-
plicated by acute respiratory distress syndrome. To deter-
mine worldwide prevalence of such cases, we reviewed 
the literature and found that respiratory symptoms occur in 
≈30% of murine typhus patients. In disease-endemic areas, 
murine typhus should be considered for patients with respi-
ratory symptoms and fever.

Murine typhus (endemic typhus) is a febrile illness 
caused by fleaborne Rickettsia typhi; it occurs main-

ly in environments where rats and humans live in close 
proximity. Murine typhus is found worldwide, but most 
reported cases originate from Southeast Asia, the Medi-
terranean region, and the United States. Among travelers, 
murine typhus is most frequently associated with travel 
to Southeast Asia (1). Recently, 2 cases of severe murine 
typhus with pulmonary manifestations have been reported 
(2,3). Near the same time, the Academic Medical Center 
(Amsterdam, the Netherlands) admitted a patient with se-
vere murine typhus and respiratory failure. On the basis of 
these 3 cases, we hypothesized that pulmonary system in-
volvement of murine typhus might be more common than 
previously assumed. We conducted this study because data 
on prevalence of pulmonary involvement in murine typhus 
are rarely reported. We therefore describe a clinical case 
and summarize the published literature on the pulmonary 
aspects of murine typhus.

The Study
In February 2012, a previously healthy 40-year-old 

man visited the Academic Medical Center outpatient de-
partment, reporting fever, headache, sweating, and nausea. 
The signs and symptoms had started 1 day earlier, on the 
day of his return from a 1-month holiday in Borneo. He re-
ported frequent insect bites and exposure to fresh water. He 
had taken malaria chemoprophylaxis as recommended, and 

his vaccinations were up to date. Physical examination in-
dicated that he was afebrile, was hemodynamically stable, 
and had a discrete macular rash on the trunk but no eschar. 
Laboratory results showed a hemoglobin concentration 
(16.8 g/dL) within reference range, a leukocyte count of 
4,700 cells/mm3 with lymphopenia (1,090 cells/mm3), and 
thrombocytopenia (116,000 cells/mm3). C-reactive protein 
(42 mg/L) and serum creatinine (1.32 mg/dL) concentra-
tions were moderately elevated. A thick smear showed no 
plasmodia, and a dengue antigen test result was negative. 
By the next day, the patient’s condition had deteriorated; 
he was experiencing chills, his temperature was 39°C, and 
the rash had become more pronounced. He was admitted to 
the hospital and given doxycycline (200 mg twice a day) 
for suspected rickettsiosis or leptospirosis. After admis-
sion, his condition deteriorated further; increasing dyspnea 
progressed to respiratory failure, necessitating intubation 
and admission to the intensive care unit on the second day 
after admission.

Chest radiographs revealed bilateral interstitial abnor-
malities (Figure). His condition fit a diagnosis of acute re-
spiratory distress syndrome (ARDS). Empirical treatment 
was expanded to include broad-spectrum antimicrobial 
drugs and oseltamivir.

On the fourth day of intubation, the patient’s condi-
tion improved; he was extubated 1 day later. Cultured 
blood, urine, and bronchial fluid remained sterile, and test 
results for Leptospira, Legionella, influenza virus, and 
HIV were negative. All antimicrobial drugs except doxy-
cycline were discontinued; doxycycline was continued for 
a total of 14 days.

Serum collected 1 day after admission showed weakly 
positive IgG against R. typhi; after 7 days, the immunofluo-
rescent antibody titer had increased 4-fold (from 1:64 to 
>1:256). The patient recovered completely and was doing 
well at his last follow-up visit.

To determine prevalence of such cases, we conducted 
a search of published studies mentioning pulmonary mani-
festations of murine typhus (details in the online Techni-
cal Appendix, http://wwwnc.cdc.gov/EID/article/20/8/13-
1421-Techapp1.pdf). From 779 records, we selected 22 
cohort studies and 18 case studies that, according to title 
and abstract, were relevant to our research question. We 
differentiated between studies with individual patient data 
(case reports and case series) and studies without individu-
al patient data (cohort studies). For each study, we recorded 
year of publication, study design, and country of infection. 
We also recorded the presence of pulmonary involvement, 
defined as cough and any mention of an abnormal finding 
on chest radiograph, without further distinction.

An overview of study characteristics detailing preva-
lence of cough and chest radiograph abnormalities is 
provided in the online Technical Appendix Table 1. Two 
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studies were prospective population-based studies of the 
causative agent of fever of unknown origin. The remaining 
20 studies were all Rickettsia spp. specific; in 17 of these 
studies, patients had been recruited retrospectively from 
hospital databases or chart reviews.

The 22 study reports that contained data on the pres-
ence or absence of cough together accounted for 1,060 pa-
tients with murine typhus. The prevalence of cough among 
these patients ranged from 0 to 66%. Mean prevalence (all 
patients from all studies combined) of cough was 30.1% 
(95% CI 23.3–36.9).

Data on presence or absence of radiographic abnor-
malities were mentioned in 9 study reports (4–12). Taken 
together, these studies evaluated 621 patients and 104 chest 
radiographs showing abnormalities, leading to a prevalence 
rate of chest radiograph abnormalities of 16.7% (95% CI 
8.21–25.5). The cohort studies reported 2 cases of ARDS, 1 

with a fatal outcome. The Table shows the full-text descrip-
tions of chest radiograph abnormalities.

Pulmonary manifestations were also documented 
by the case studies. Among these studies, 2 patients had 
ARDS, 7 had bilateral pulmonary infiltrates, 5 had uni-
lateral pulmonary infiltrates, 1 had pulmonary embolism, 
and 1 had respiratory failure (no chest radiograph was 
reported) (online Technical Appendix Table 2). We also 
found that cough occurred more commonly among pa-
tients in studies conducted in Asia (99 [38.2%] of 259 
patients) than among those in studies conducted in the 
Mediterranean region (118 [25.8%] of 457) and North 
America (56 [23.3%] of 240).

In the literature, we found 7 reported cases of respi-
ratory distress associated with murine typhus (including 
the case reported here), 2 of which described respiratory 
distress not classified as ARDS (2,13). Of these 7 case-
patients with ARDS/respiratory distress, 5 (71%) patients 
were from Asia (2,3,11,13), 1 was  from the Mediterranean 
region (4), and 1 was from the United States (14).

Conclusions
Cough and chest radiograph abnormalities were fre-

quent manifestations of murine typhus. For cough associ-
ated with murine typhus, we found a prevalence rate of 
≈30%. The prevalence of chest radiograph abnormalities 
was more difficult to ascertain because this result was less 
often reported and more influenced by bias. The pulmo-
nary aspects of R. typhi infection are probably the result 
of damaged pulmonary microcirculation, leading to pul-
monary edema.

Severe pulmonary manifestations of murine typhus 
are thought to be rare. The case reported here is unusual in 
that the symptoms progressed rapidly and the response to 
doxycycline was relatively slow. It is worth noting that we 
found no more than 2 reported cases of fatal murine typhus 
associated with pulmonary system disease; both were the 
result of severe disease complicated by ARDS.
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Figure. Chest radiograph of 40-year-old man with acute respiratory 
distress syndrome as a complication of murine typhus.

 
Table. Pulmonary manifestations of murine typhus reported from cohort studies* 

Reference Year Region No. cases 
No. chest 

radiographs 
No. chest radiographs 
showing abnormalities Details 

(5) 2001 USA 97 81 10 Radiographic evidence of pneumonitis in 
10/81 cases 

(6) 2004 Mediterranean 87 NM 6 4 cases of pulmonary infiltrates, 2 cases 
of pleural effusion 

(7) 2008 Asia 50 16 6 6 cases of pulmonary infiltrates 
(8) 2009 Mediterranean 41 NM 22 Abnormal chest radiographs for 22 

patients 
(9) 2009 Asia 28 15 9 9 bilateral reticulonodular infiltrates 
(10) 2012 Mediterranean 90 NM 15 13 cases of interstitial pneumonia, 2 

cases of pleural effusion 
(11) 2012 Asia 81 49 16 15 cases of pulmonary infiltrates, 1 case 

of ARDS 
(12) 2013 Mediterranean 43 39 12 2 cases of alveolar infiltrates, 10 cases 

of interstitial infiltrates 
*NM, not mentioned; ARDS, acute respiratory distress syndrome. 
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In addition, we noted possible geographic variation 
in pulmonary manifestations. Most cases of severe murine 
typhus with pulmonary manifestations originated in Asia, 
and cough was more frequently a symptom among patients 
in Asia.

The primary strength of our study is the extensive lit-
erature search, which covered studies from different parts 
of the world and included cohort studies and case series. 
The main limitation of this study is the retrospective nature 
of the data collection for most studies, which is prone to 
bias and renders meaningful statistical analysis of results 
impossible. Therefore, prospective studies evaluating pul-
monary manifestations of murine typhus and possible geo-
graphic variation are needed.

Although murine typhus usually follows a benign 
course, severe disease with pulmonary manifestations, 
including ARDS, can occur, as described for the patient 
reported here. We suggest that murine typhus should be in-
cluded in the differential diagnosis for any patient who has 
a fever and respiratory signs and who has been in a typhus-
endemic area within the incubation period.

Mr van der Vaart is a sixth-year medical student at the Aca-
demic Medical Center of the University of Amsterdam and is cur-
rently enrolled in his clinical rotations. His main research focus is 
infectious diseases.
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In 2010, chikungunya virus of the East Central South 
African genotype was isolated from 4 children in Myanmyar 
who had dengue-like symptoms. Phylogenetic analysis of 
the E1 gene revealed that the isolates were closely related 
to isolates from China, Thailand, and Malaysia that harbor 
the A226V mutation in this gene.

Chikungunya virus (CHIKV; family Togaviridae, ge-
nus Alphavirus) is transmitted to humans by the bite 

of infected mosquitoes of the genus Aedes, particularly Ae. 
aegypti and Ae. albopictus (1). Dengue viruses (DENVs; 
family Flaviviridae, genus Flavivirus) are transmitted by 
the same mosquito vectors. CHIKV and DENV are often 
found co-circulating (2,3) and cause similar clinical signs 
and symptoms, including fever, arthralgia, headache, rash, 
and, in some cases, hemorrhage. Hemorrhage, however, is 
rare in CHIKV infection. Because of the similarity in signs 
and symptoms, misdiagnosis and underreporting of chikun-
gunya infection in dengue-endemic areas are common (3). 

Chikungunya is endemic to the tropical areas of Africa 
and Asia (5) and generally manifests as mild illness, but 
outbreaks in the Indian Ocean region have shown that the 
disease can lead to severe and life-threatening complica-
tions (4). CHIKV strains are clustered into 3 distinct geno-
types: West African, East/Central/South African (ECSA), 
and Asian (5). Reemergence of CHIKV of the ECSA geno-
type began in Kenya in 2004, and during 2005–2010, the 
genotype spread to Comoros, Madagascar, Reunion Island, 

India, Sri Lanka, Singapore, Thailand, Malaysia, China, 
and Italy (6).

In Myanmar, CHIKV infection was serologically con-
firmed in 1973, and the virus was indicated to be of the 
Asian genotype (no sequence data available) (5,7). A few 
serologic studies in this country have found CHIKV-spe-
cific antibodies in patients who were suspected of having 
dengue virus infection (7–9), but no reports have been pub-
lished on the molecular epidemiology of CHIKV. We con-
ducted a serologic and molecular epidemiologic surveil-
lance study of possible CHIKV infection among children 
who had a clinical diagnosis of dengue fever in Myanmar 
during 2010.

The Study
During July–October 2010, serum samples were col-

lected from 116 children (<12 years of age) who were 
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admitted to Mandalay Children Hospital in Mandalay, 
Myanmar (Figure 1). These children had received a clini-
cal diagnosis of dengue, signs and symptoms of which 
included fever, hemorrhage, shock, and thrombocytope-
nia. A blood sample was collected from each child, 107 
during the acute phase of illness (1–7 days after onset of 
fever) and 9 during the convalescent phase (8–16 days 
after onset of fever). Serum samples were stored at -70°C 
until further analysis. Informed consent was obtained 
from the accompanying parents or legal guardians before 
blood samples were collected by following the research 
protocol (approval no. 1/2010 by the Institutional Ethical 
Committee on Medical Research Involving Human Sub-
jects in Myanmar). 

All 116 serum samples were tested for IgM against 
CHIKV and DENV by using in-house IgM capture ELI-
SAs and for IgG against CHIKV and flaviviruses by using 
in-house IgG indirect ELISAs (10). Results of IgM capture 
ELISAs showed 6 (5.2%) samples were positive for IgM 
against CHIKV only, 47 (40.5%) for IgM against DENV 
only, and 7 (6.0%) for IgM against CHIKV and DENV 
(Table 1). Results of IgG indirect ELISA showed 8 (6.9%) 
samples were positive for IgG against CHIKV only, 47 
(40.5%) for IgG against flavivirus only, and 9 (7.8%) for 
IgG against CHIKV and flavivirus (Table 1).

For PCR testing, 10 μL of serum from each acute-
phase sample was inoculated onto Ae. albopictus clone 
C6/36 mosquito cells, which were then incubated at 28°C 
for 7 days. RNA was extracted from infected culture flu-
id by using a QIAamp Viral RNA Mini Kit (QIAGEN, 
Hilden, Germany), and reverse transcription PCR was 
performed by using Superscript III Reverse Transcriptase 
(Invitrogen, Carlsbad, CA, USA). PCR was conducted by 
using Takara Tks Gflex DNA polymerase (Takara Bio, 
Shiga, Japan). All kits were used according to the manu-
facturer’s instructions.

For the 107 acute-phase serum samples tested, 4 
CHIKV strains were isolated from infected culture fluid. 
Detailed information about the children from which these 
samples were collected and the test results are shown in Ta-
ble 2. The complete E1 gene nucleotide sequences (positions 
9952–11271) for the 4 CHIKV isolates were determined and 
deposited into GenBank (accession nos. KF590564–7), and 
nucleotide sequences were aligned by using MAFFT version 

7.058b (http://mafft.cbrc.jp/alignment/software). A Bayes-
ian maximum clade credibility tree was constructed by us-
ing MrBayes version 3.1.2 (http://mrbayes.sourceforge.net), 
and a phylogenetic tree was drawn by using FigTree version 
1.4.0 software (http://beast.bio.ed.ac.uk/FigTree). The phy-
logenetic tree of CHIKV was inferred for the 4 strains from 
Myanmar and 30 reference strains available from GenBank; 
results showed that the 4 CHIKV isolates from Myanmar be-
longed to the ECSA genotype (Figure 2). 

Conclusions
Serologic results from this study confirmed that 47 

(40.5%) of the 116 children who had received a clinical di-
agnosis of dengue had DENV infection only, but 6 (5.2%) 
had IgM capture ELISA results showing infection with 
CHIKV; CHIKV was isolated from 4 of these patients. 
Cross-reactivity in the IgM response against other alpha-
viruses in the same antigenic complex to which CHIKV 
belongs is possible (11), but other alphaviruses have not 
been reported in Myanmar. In addition, 7 (6.0%) of the 
children had positive test results for IgM against CHIKV 
and DENV. This finding could be the result of sequen-
tial infection by the 2 viruses in a short period or by con-
current infection with both viruses. Concurrent CHIKV 
and DENV infections have been reported in Gabon and 
Singapore (3,12). A total of 6.9%, 40.5%, and 7.8% of 
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Table 1. Antibody profiles of samples from 116 children who had 
suspected dengue virus infection, Myanmar, 2010* 

Profile 
CHIKV DENV 

IgM 
Flavivirus 

IgG 
Total no. 
patients IgM IgG 

A + + – + 2 
B + + – – 4 
C + – – + 0 
D + – – – 0 
E – + + + 4 
F – + + – 2 
G – – + + 32 
H – – + – 9 
I + + + + 3 
J + + + – 0 
K + – + + 2 
L + – + – 2 
M – + – + 0 
N – + – – 2 
O – – – + 13 
P – – – – 41 
*CHIKV, chikungunya virus; DENV, dengue virus; +, positive; –, negative. 

 

 
Table 2. Characteristics of and testing results for 4 patients who had suspected dengue virus infection and from whom chikungunya 
virus was isolated, Myanmar. 2010* 
Patient 
no. Age, y 

Days from illness onset 
to blood extraction* 

Diagnosis at 
admission 

CHIKV 
 

DENV Flavivirus 
IgG IgM IgG RT-PCR IgM RT-PCR 

7 6.5 1 DHF I Neg Neg Pos  Pos Neg Pos 
20 11 2 DHF II Neg Neg Pos  Neg Neg Neg 
30 6 4 DF Neg Neg Pos  Neg Neg Neg 
105 7 3 DHF II Neg Neg Pos  Neg Neg Pos 
*DHF grades I and II classified according to World Health Organization criteria, 1997. CHIKV, chikungunya virus; DENV, dengue virus; RT-PCR, reverse 
transcription PCR; DHF, dengue hemorrhagic fever; Pos, positive; Neg, Negative; DF, dengue fever. 

 



children tested showed positive results for IgG against 
CHIKV, flavivirus, and CHIKV/flavivirus, respectively. 
This result suggests that arbovirus infections are common 
in Myanmar.

The 4 CHIKV isolates that we obtained belonged to an 
ECSA genotype subgroup that has the A226V mutation in the 
E1 gene. One of the 4 isolates (Myanmar/10Mdy20/2010) 
had an additional amino acid change (E1-E209V). All iso-
lates had 99% nucleotide sequence similarity to isolates 
from China, Thailand, and Malaysia. Outbreaks caused 
by ECSA genotype CHIKV were reported in Malaysia in 
2008–2009, in Thailand in 2008–2009, and in China in 2010 
(7,13,14). The timing of these findings suggests that the 
strains of CHIKV we found in Myanmar were introduced 
from neighboring countries. Human migratory movements 
between the borders of Myanmar and neighboring coun-
tries such as India, Thailand, and China for trade and travel 
purposes are increasing and could be a contributing factor 
to the movement of the virus and the outbreaks. In South-
east Asia, CHIKV strains have been isolated not only from 
humans and mosquitoes but also from monkeys (15). We 
recommend surveillance for chikungunya and its vectors 
to prevent future outbreaks of CHIKV infection among the 
human population in Myanmar.
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We analyzed samples from 13,652 patients who 
had respiratory cultures positive for mycobacteria in  
Taiwan during 2000–2012 and found that 56.9% were 
positive for nontuberculous mycobacteria (NTM). Where-
as annual prevalence of tuberculosis decreased during  
the study period, prevalence of NTM disease and colo-
nization increased, particularly among older patients and 
male patients.

In countries to which tuberculosis (TB) is endemic, the 
isolation of nontuberculous mycobacteria (NTM) from 

clinical specimens, especially respiratory specimens, is not 
uncommon (1–3). In 2011, Taiwan recorded 12,634 new 
TB cases (55 cases/100,000 population) and 638 TB-relat-
ed deaths (2.8 deaths/100,000 population); the overall inci-
dence of TB fell 1.7% from 2010 (http://www.cdc.gov.tw/
uploads/files/201308/9590e86d-875f-4d65-8435-dbcc95d-
9fe6d.pdf). However, in the clinical setting of patients 
with suspected TB, clinicians rely on local epidemiologic 
knowledge to evaluate whether cultures positive for myco-
bacteria are Mycobacterium tuberculosis (MTB) or NTM. 
Therefore, the prevalence of isolation of M. tuberculosis 
and NTM must be investigated so that the epidemiologic 
features of these pathogens can be better understood. Many 
studies have shown that there is great geographic diversity 
in the distribution of NTM species (1,2,4,5). However, few 
studies have investigated the distribution of NTM species, 
including colonizers and causative pathogens, with respect 
to patient gender and age (6,7). 

The Study
This study was conducted at the National Taiwan 

University Hospital (NTUH), a 2,500-bed tertiary medical 
center in northern Taiwan where 8,000 clinical visits occur 
daily. We evaluated all patients registered in the hospital’s 
Mycobacterial Laboratory database with cultures positive 
for NTM or M. tuberculosis during 2000–2012. The tech-
niques used in the preparation of different clinical specimens 
for cultures of mycobacteria have been described in a previ-
ous study (2). We used the definition of pulmonary NTM in-
fection from the 2007 American Thoracic Society/Infections 
Disease Society of America NTM guideline, which encom-
passed 3 major components: clinical signs and symptoms, ra-
diologic findings, and microbiologic evidence (1). If patients 
had positive cultures for both NTM and M. tuberculosis, we 
defined the patients as having M. tuberculosis infection only. 
The annual prevalence rates of NTM colonization and dis-
ease were calculated as the annual number of patients with 
NTM colonization and disease divided by the total number 
of patients who visited the NTUH, including outpatients and 
inpatients in each indicated year.

During January 2000–December 2012, a total of 
13,652 nonduplicate isolates obtained from respiratory 
specimens had positive test results for mycobacteria; M. 
tuberculosis was isolated from 5,878 (43.1%) patients and 
NTM from 7,774 (56.9%) patients. In addition, cultures of 
extrapulmonary specimens from 823 patients were positive 
for NTM. We found a significant decreasing trend in M. tu-
berculosis isolation among positive mycobacteria cultures 
and a significant increasing trend in NTM isolation during 
the study period (p<0.01 for both trends).

Among the 3,317 patients who had NTM infections 
(Table 1, http://wwwnc.cdc.gov/EID/article/20/8/13-1673- 
T1.htm), the most prevalent species were M. avium-intra-
cellulare complex (MAC) (n = 1,377, 41.5%) and M. ab-
scessus (n = 710, 21.4%). Of the 4,457 patients who had 
with evidence of NTM colonization, the most prevalent 
species were MAC (n = 1,304, 29.3%) and M. fortuitum (n 
= 1,019, 22.9%) (Table 1).

In contrast to the decreasing trend in prevalence of TB 
during the study period, the annual incidence of pulmo-
nary NTM disease and colonization increased significantly 
over time (p<0.01) (Figure 1). In addition, the clinical sig-
nificance of mycobacterial isolates differed according to 
patient sex and age (Figure 2); the rate of NTM isolation 
increased with age, whereas the rate for M. tuberculosis 
isolation decreased with age (Figure 2, panel A; p<0.01). 
Most cases of NTM disease and colonization were found 
in patients 65–84 years of age (online Technical Appendix 
Figure, http://wwwnc.cdc.gov/EID/article/20/8/13-1673-
Techapp1.pdf), and the risk of developing NTM disease 
significantly increased with age (p<0.01). We also found 
that the male:female ratio was significantly lower among 
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patients >45 years of age who had NTM infection or colo-
nization than among patients in the same age group who 
had M. tuberculosis infection (p<0.01; online Technical 
Appendix Table).

Infections caused by MAC, M. abscessus, and M. che-
lonae were more common in female than in male patients. 
In contrast, diseases caused by M. fortuitum and M. kan-
sasii were more common in male patients than in female 
patients. We also found that the prevalence of infection 
caused by M. tuberculosis, MAC, M. abscessus (p<0.01), 
M. fortuitum (p<0.01), M. chelonae (p = 0.04), M. kansasii 
(p = 0.04), and M. gordonae (p<0.01) in each age group 
differed significantly and that the prevalence of coloniza-
tion by MAC (p<0.01), M. fortuitum (p = 0.01), M. gordo-
nae (p<0.01), and M. kansasii (p<0.01)in each age group 
differed significantly (Table 2).

Conclusions
Our cross-sectional analysis of data from mycobac-

terial isolates collected over 13 years in northern Taiwan 

resulted in several notable findings. First, the prevalence 
of NTM pulmonary infection and colonization signifi-
cantly increased during the period, whereas prevalence 
of M. tuberculosis infection significantly decreased. This 
phenomenon has been reported previously in Taiwan (8) 
and in other countries (9,10). We also found that the an-
nual prevalence of NTM pulmonary infections and colo-
nization significantly increased (p<0.01). The increasing 
trend in NTM infections has also been noted in South Ko-
rea, Canada, Denmark, Australia, the United States, and the 
Netherlands (9–15). These findings suggest that, although 
the rates of NTM pulmonary infection have gradually in-
creased in Taiwan, more than half of NTM isolates caused 
colonization only.

Second, we found the frequency of isolation of M. tu-
berculosis and NTM from patients >85 years of age was 
40.7% and 59.3%, respectively. Furthermore, half of NTM 
infections (54.1%) and colonizations (55.5%) occurred in 
patients >65 years of age. Our findings are consistent with 
those in a recent study conducted in South Korea (7) and 
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Figure 1. Annual incidence 
of tuberculosis, pulmonary 
nontuberculous mycobacteria 
(NTM) infection, and NTM 
colonization among patients 
registered in the National 
Taiwan University Hospital 
Mycobacterial Laboratory data-
base with cultures positive for 
Mycobacterium tuberculosis or 
NTM, 2000–2012.

Figure 2. Rates of Mycobacterium tuberculosis infection, nontuberculous mycobacteria (NTM) infection, and NTM colonization/
contamination, by age (A) and sex (B), among patients registered in the National Taiwan University Hospital Mycobacterial Laboratory 
database with cultures positive for Mycobacterium tuberculosis or NTM, 2000–2012. *p<0.01 compared with first group.



suggest that most cases of NTM infection occur in patients 
of advanced age and that its associated clinical significance 
may be as important as TB among elderly patients.

Third, we found that gender may be associated with 
the acquisition of diseases caused by mycobacterial spe-
cies. We found that M. tuberculosis infection, NTM pulmo-
nary infection, and NTM colonization were more common 
among men than among women (70.1% vs. 29.3% for TB, 
57.6% vs. 42.4% for NTM infections, and 59.6% vs. 40.4% 
for NTM colonization). In addition, the male:female ratio 
among patients >45 years of age was significantly higher 
among patients with TB than among patients with NTM 
infections or colonization. This finding might indicate that 
older women are more resistant to TB than to NTM infec-
tion/colonization.

This study has several limitations. First, because the 
study was conducted in a single medical center in Taiwan, 
we cannot safely generalize our findings to other parts of 
Taiwan. However, this hospital is the only medical cen-
ter that can fully identify the species of NTM in Taiwan, 
which suggests that our results still provide useful informa-
tion about the current status in this country. Second, we 
did not evaluate the effects of co-existing conditions such 
as HIV infection. Third, the American Thoracic Society/
Infections Disease Society of America diagnostic criteria 
for NTM infections were determined on the basis of experi-
ence with MAC, M. kansasii, and M. abscessus but not for 
other NTM species (1). Therefore, we might have overes-
timated the incidence of lung infections caused by other 
NTM species (e.g., M. gordonae and M. fortuitum). These 
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Table 2. Bacterial species implicated in pulmonary mycobacterial infections and colonization/contamination, by patient sex and age, 
Taiwan, 2000–2012* 

Bacterial species 

Sex, % (no.) patients 
p 

value 

Age, y, % (no.) patients 

p value 
Female,  

n = 4,931 
Male,  

n = 8,721 
<24,  

n = 572 
25–44,  

n = 1,792 
45–64,  

n = 4,062 
65–84,  

n = 6,156 
>85,  

n = 1,070 
Mycobacterium tuberculosis 
infection 

35.0 
(1,725) 

47.6 
(4,153) 

<0.01 67.8 
(388) 

53.3 
(956) 

38.9 
(1,579) 

40.9 
(2,519) 

40.7 
(436) 

<0.01 

NTM probable infection          
 M. avium–intracellulare  
 complex 

13.1  
(645) 

8.4  
(732) 

<0.01 3.7  
(21) 

6.3  
(113) 

11.1 
(449) 

10.3 
(637) 

14.7 
(157) 

<0.01 

 M. abscessus 6.8 (334) 4.3 (376) <0.01 2.3 (13) 5.7 (102) 5.9 (241) 4.5 (275) 7.4 (79) <0.01 
 M. fortuitum 2.7 (132) 3.6 (311) <0.01 1.2 (7) 1.8 (33) 3.8 (155) 3.5 (218) 2.8 (30) <0.01 
 M. chelonae 3.0 (148) 1.9 (164) <0.01 2.6 (15) 1.9 (34) 2.9 (116) 2.0 (122) 2.3 (25) 0.04 
 M. kansasii 1.2 (61) 2.0 (173) <0.01 0.7 (4) 2.1 (38) 1.9 (77) 1.7 (105) 0.9 (10) 0.04 
 M. gordonae 1.1 (55) 1.3 (110) 0.5 0.5 (3) 0.4 (8) 1.3 (52) 1.5 (91) 1.0 (11) <0.01 
 Other 0.6 (31) 0.5 (45) 0.4 0 0.7 (12) 0.7 (28) 0.5 (31) 0.5 (5) 0.22 
  M. terrae complex 0.2 (8) 0.1 (9) – 0 0.2 (4) 0.1 (4) 0.1 (8) 0.1 (1) – 
  M. scrofulaceum 0.2 (8) 0.1 (7) – 0 0 0.2 (9) 0.1 (6) 0 – 
  M. phlei 0.1 (5) 0.1 (9) – 0 0.3 (5) 0.1 (3) 0.1 (5) 0.1 (1) – 
  M. smegmatis 0 0.1 (10) – 0 0.1 (1) 0.0 (2) 0.1 (5) 0.2 (2) – 
  M. xenopi 0.1 (4) 0.1 (6) – 0 0.1 (1) 0.0 (2) 0.1 (6) 0.1 (1) – 
  M. flavescens 0.1 (4) 0 – 0 0.1 (1) 0.1 (3) 0 0 – 
  M. celatum 0 0.0 (2) – 0 0 0.0 (2) 0 0 – 
  M. asiaticum 0 0.0 (1) – 0 0 0 0.0 (1) 0 – 
  M. mageritense 0 0.0 (1) – 0 0 0.0 (1) 0 0 – 
  M. szulgai 0.0 (1) 0 – 0 0 0.0 (1) 0 0 – 
  M. vaccae 0.0 (1) 0 – 0 0 0.0 (1) 0 0 – 
NTM colonization/contamination          
 M. avium–intracellulare  
 complex 

10.6  
(525) 

8.9  
(779) 

<0.01 4.4  
(25) 

6.7  
(120) 

9.6  
(388) 

10.7 
(659) 

10.5 
(112) 

<0.01 

 M. fortuitum 7.9 (389) 7.2 (630) 0.17 5.8 (33) 6.4 (114) 7.6 (310) 8.1 (499) 5.9 (63) 0.01 
 M. gordonae 6.0 (296) 4.7 (409) <0.01 2.6 (15) 4.1 (73) 5.9 (241) 5.6 (343) 3.1 (33) <0.01 
 M. abscessus 5.5 (273) 4.2 (365) <0.01 4.5 (26) 4.1 (74) 5.0 (205) 4.6 (284) 4.6 (49) 0.64 
 M. kansasii 2.0 (101) 2.2 (191) 0.63 0.5 (3) 2.1 (38) 1.8 (72) 2.5 (153) 2.4 (26) <0.01 
 M. chelonae 2.4 (120) 1.7 (149) <0.01 2.4 (14) 2.3 (42) 1.8 (72) 2.0 (126) 1.4 (15) 0.31 
 Other 1.9 (96) 1.5 (134) 0.07 0.9 (5) 2.0 (35) 1.9 (77) 1.5 (94) 1.8 (19) 0.27 
  M. terrae complex 0.6 (30) 0.5 (45) – 0.3 (2) 0.7 (13) 0.6 (25) 0.5 (30) 0.5 (5) – 
  M. scrofulaceum 0.3 (15) 0.3 (22) – 0 0.3 (6) 0.3 (11) 0.3 (16) 0.4 (4) – 
  M. smegmatis 0.3 (14) 0.2 (17) – 0 0.3 (5) 0.2 (9) 0.2 (13) 0.4 (4) – 
  M. xenopi 0.2 (9) 0.2 (17) – 0 0.3 (5) 0.3 (11) 0.1 (8) 0.2 (2) – 
  M. flavescens 0.2 (11) 0.1 (9) – 0.5 (3) 0.1 (1) 0.1 (4) 0.2 (10) 0.2 (2) – 
  M. phlei 0.1 (6) 0.2 (14) – 0 0.1 (2) 0.2 (9) 0.1 (9) 0 – 
  M. szulgai 0.1 (5) 0.0 (3) – 0 0 0.1 (4) 0.0 (2) 0.2 (2) – 
  M. vaccae 0.1 (6) 0.0 (2) – 0 0.1 (1) 0.1 (3) 0.1 (4) 0 – 
  M. simiae 0 0.0 (3) – 0 0.1 (1) 0 0.0 (2) 0 – 
  M. marinum 0 0.0 (1) – 0 0 0.0 (1) 0 0 – 
  M. neoaurum 0 0.0 (1) – 0 0.1 (1) 0 0 0 – 
*NTM, nontuberculous mycobacteria ; –, not applicable (insufficient data). 
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species need further investigation. Fourth, in this retrospec-
tive analysis, we did not try to identify factors associated 
with the changing epidemiology of these diseases.

In summary, in Taiwan, the rate of NTM isolation 
among cultures positive for mycobacteria increased signifi-
cantly during the period 2000–2012, whereas the rate of M. 
tuberculosis isolation decreased. Moreover, the prevalence 
of NTM pulmonary infection and colonization rapidly in-
creased with time. This phenomenon was more evident 
among patients of advanced age and among male patients.

Dr Chien is an attending physician at Chest Hospital, Minis-
try of Health and Welfare, Taiwan. His primary research interest 
is clinical infectious disease, especially tuberculosis, and diseases 
caused by NTM.
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Levofloxacin resistance in Haemophilus influenzae 
has increased significantly in Taiwan, from 2.0% in 2004 
to 24.3% in 2010 (p<0.001). Clinical and molecular inves-
tigations of 182 levofloxacin-resistant isolates revealed that 
the increase was mainly the result of the spread of several 
clones in the elderly population in different regions.

Since their first introduction in 1980s, fluoroquinolones 
have been used extensively (1). The wide use of these 

antimicrobial drugs has been attributed to the emergence 
of resistance in several bacterial species (1,2). Respiratory 
tract infection (RTI) is one of the most common conditions 
for which fluoroquinolones are used (1,3). Haemophilus 
influenzae is a major bacterial pathogen causing RTIs. 
Globally, fluoroquinolone resistance in H. influenzae has 
remained sporadic and uncommon, and international sur-
veillance data showed the resistance rate to be <1% (4–6). 
However, emergence of fluoroquinolone-resistant H. influ-
enzae strains has been reported in elderly patients and in 
those in long-term care facilities (7–9). 

The Taiwan Surveillance of Antimicrobial Resistance 
(TSAR) is a biennial nationwide surveillance program of 
inpatient and outpatient clinical isolates (10). Levofloxa-
cin-resistant H. influenzae isolates were not detected in the 
TSAR collection before 2002 but emerged in 2004, and 
prevalence increased rapidly. We conducted a study to de-
lineate the clinical and molecular characteristics of emerg-
ing levofloxacin-resistant H. influenzae in Taiwan.

The Study
H. influenzae isolates were collected from 26 hospi-

tals during 2004–2010 by the TSAR program, following  

previously described protocols (10). After species identifi-
cation was confirmed, MICs were determined by reference 
broth microdilution method according to Clinical and Lab-
oratory Standards Institute guidelines (11). Sensititre Stan-
dard HPB panels (ThermoFisher Scientific, East Grinstead, 
UK) were used. The MICs of levofloxacin, ciprofloxacin, 
moxifloxacin, gatifloxacin, and gemifloxacin of the levo-
floxacin-resistant isolates identified by broth microdilu-
tion were further determined by Etest (bioMérieux, Marcy 
l’Etoile, France). Pulsed-field gel electrophoresis (PFGE) 
and multilocus sequence typing (MLST) were performed 
on levofloxacin-resistant isolates following published pro-
tocols (12,13). Mutations in the quinolone resistance–de-
termining regions (QRDR) of the drug targets gyrA and 
parC were determined by PCR and sequencing (14).

A total of 1,462 nonduplicate H. influenzae isolates 
were collected during the study period. Hospitals in the 
northern (32.1%), central (47.7%), and southern (18.7%) 
regions of Taiwan provided nearly all of the isolates. Speci-
mens of respiratory origin (88.8%) comprised the largest 
proportion; few isolates (1.4%) came from blood speci-
mens. Most (77.1%) patients were adults, and half (50.0%) 
were >65 years of age. 

Among the 16 antibacterial agents tested (Table 1), 
nonsusceptibility to levofloxacin, sparfloxacin, and tri-
methoprim/sulfamethoxazole increased steadily and sig-
nificantly over the study period (p<0.05). Significant in-
creases in levofloxacin and sparfloxacin resistance were 
the most prominent (p<0.001). The overall levofloxacin 
resistance rate increased from 2.0% (7/344) in 2004 to 
10.6% (52/490) in 2006, 15.2% (49/323) in 2008, and 
24.3% (74/305) in 2010 (p<0.001) (Table 1). In 2004, le-
vofloxacin-resistant isolates were detected in 6 hospitals 
(2 in the south and 4 in the central region), but by 2010, 
isolates were detected in 19 hospitals in all 4 regions of 
Taiwan. The MIC90 of the 5 fluoroquinolones tested by 
Etest was >32 μg/mL for the 182 levofloxacin-resistant 
isolates detected by broth microdilution.

Levofloxacin-resistant H. influenzae isolates were 
more commonly found in elderly patients, from respirato-
ry origins, from regional hospitals and inpatient settings, 
and from central and southern Taiwan (Table 2). Multi-
variate analysis revealed that elderly patients (OR 3.601, 
95% CI 2.435–5.325), regional hospitals (OR 2.054, 95% 
CI 1.379–3.059), geographic region (OR 3.656, 95% CI 
2.214–6.038 for central; OR 5.428, 95% CI 3.050–9.611 
for southern), and later study year (OR 2.13, 95% CI 
1.692–2.395) were independent factors associated with 
levofloxacin resistance (Table 2).

Among the 182 levofloxacin-resistant isolates, 
153 could be grouped into 19 distinct clusters (A to S)  
(Figure). MLST was performed on 160 isolates, and a 
total of 50 sequence types (STs; ST630, ST787–ST802, 
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ST1079–ST1095, and ST1097–ST1112) were identified. 
All but 1 ST, ST630, were new STs that had not been re-
ported previously. However, most of the identified STs 
were single-locus variants (SLVs) of 7 ST types: ST788, 
ST790, ST792, ST793, ST795, ST799, and ST802. Some 
isolates of the same ST belonged to different PFGE clus-
ters (Figure). PFGE and MLST results revealed emergence 
and regional predominance of some clones (Figure). For 
example, in the predominant STs (ST788 and its SLVs) in 
clusters A to F (n = 54, 29.7%), cluster A isolates were 
mostly from southern Taiwan and were found in all study 
years, whereas cluster B isolates were mostly from central 
Taiwan and found in later years (2008–2010). All but 1 of 
the isolates of ST799 and its SLV (n = 19) in clusters G–I 
were from central Taiwan, and most were from 2008–2010. 
Isolates of ST795 and its SLVs (n = 17) belonged to 3 clus-
ters, were from central and northern Taiwan, and were re-
covered in later years (2008–2010).

All levofloxacin-resistant H. influenzae isolates had 
>2 mutations in the QRDR of gyrA and parC. A total of 
25 QRDR mutation patterns were found (Table 3, http:// 

wwwnc.cdc.gov/EID/article/20/8/14-0341-T3.htm). The 
amino acid changes at residues 84 and 88 in GyrA and ParC 
that we found are the same as those found in previous re-
ports (1,14,15). Most isolates of the same PFGE cluster had 
similar QRDR mutation patterns. However, isolates within 
the same PFGE cluster that had the same ST or its SLV but 
different QRDR mutation patterns were also found (Figure).

Conclusions
Our study indicates that levofloxacin-resistant H. influ-

enzae emerged in Taiwan around 2004 and increased over 
the next 6 years, especially in elderly patients, regional hos-
pitals, and central and southern Taiwan. We found age and 
regional differences in this resistance phenotype, which 
might have resulted from differences in fluoroquinolone 
use and patient populations. 

Longitudinal and international surveillance data from 
North America, Europe, and other regions have found 
low fluoroquinolone resistance in H. influenzae (<1%)  
(4–6). However, emergence and spread of fluoroquino-
lone-resistant H. influenzae have been reported. In 2001,  
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Table 1. Trends in antimicrobial nonsusceptibility in Haemophilus influenzae from the Taiwan Surveillance of Antimicrobial Resistance 
program, 2004–2010* 

Antimicrobial agent 

% Nonsusceptible 

p value† Odds ratio (95% CI) 
2004,  

n = 344 
2006,  

n = 490 
2008,  

n = 323 
2010,  

n = 305 
2004–2010, 
n = 1,462 

Amoxicillin/clavulanate 3.8 5.5 2.8 3.9 4.2 0.573 0.933 (0.731–1.189) 
Ampicillin 61.3 56.5 49.2 59.3 56.6 0.242 0.943 (0.856–1.040) 
Ampicillin/sulbactam 34.0 26.7 24.8 35.7 29.9 0.790 1.014 (0.913–1.127) 
Cefaclor 54.4 48.2 53.6 57.0 52.7 0.241 1.060 (0.962–1.167) 
Cefepime 2.6 1.0 0.0 2.0 1.4 0.287 0.790 (0.513–1.218) 
Cefixime 4.4 1.8 0.6 2.3 2.3 0.044 0.698 (0.462–0.991) 
Ceftriaxone 1.5 0.4 0.0 1.0 0.7 0.370 0.754 (0.406–1.398) 
Cefuroxime 13.7 14.3 25.1 16.1 16.9 0.033 1.150 (1.011–1.307) 
Chloramphenicol 39.8 37.8 28.8 33.1 35.3 0.01 0.875 (0.791–0.968) 
Clarithromycin 40.7 50.4 58.5 43.6 48.5 1.148 1.704 (0.975–1.183) 
Imipenem 3.8 3.3 1.9 3.0 3.0 0.333 0.867 (0.650–1.157) 
Levofloxacin 2.0 10.6 15.2 24.3 12.5 <0.001 1.964 (1.675–2.302) 
Meropenem 2.0 0.6 0.0 1.0 0.9 0.110 0.625 (0.351–1.112) 
Sparfloxacin 4.9 15.1 19.5 26.9 16.1 <0.001 1.688 (1.472–1.936) 
Tetracycline 40.7 38.6 30.7 33.4 36.3 0.010 0.875 (0.790–0.969) 
TMP/SMX 67.4 66.5 71.8 74.1 69.5 0.023 1.131 (1.017–1.257) 
*TMP/SMX, trimethoprim/sulfamethoxazole. 
†For the trend test calculation, a continuous variable was used as previously described (10). 

 

 
Table 2. Factors associated with isolation of levofloxacin-resistant Haemophilus influenzae, Taiwan, 2004–2010 

Factor 
No. (%) isolates 

p value* Odds ratio (95% CI) p value† Susceptible Resistant 
Total 1,280 (87.5) 182 (12.5)    
Patient age >65 y 591 (80.8) 140 (19.2) <0.001 3.601 (2.435–5.325) <0.001 
Respiratory tract specimen 1,123 (86.5) 175 (13.5) <0.001  NS 
Regional hospital 766 (85.0) 135 (15.0) <0.001 2.054 (1.379–3.059) <0.001 
Inpatient hospital stay 849 (85.1) 149 (14.9) <0.001  NS 
Geographic region      
 Northern 448 (95.5) 21 (4.5) <0.001 Reference 
 Central 585 (83.9) 112 (16.1) <0.001 3.656 (2.214–6.038) <0.001 
 Southern 225 (82.4) 48 (17.6) 0.006 5.428 (3.050–9.611) <0.001 
 Eastern 22 (95.7) 1 (4.3) 0.346   
Study year    2.013 (1.692–2.395) <0.001 
*By 2 test. 
†By multivariate logistic regression analysis. NS, not significant. 
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Figure. Dendrogram showing pulsed-field gel electrophoresis (PFGE) results for levofloxacin-resistant Haemophilus influenzae isolates 
digested by SmaI. Salmonella enterica serovar Braenderup strain H9812 (ATCC BAA664) was used as standard for DNA pattern normalization. 
PFGE patterns were analyzed by using BioNumerics software (Applied Maths NV, Sint-Martens-Latem, Belgium). For mutation profiles of the 
quinolone-resistance determining regions (QRDR) in GyrA and ParC, see Table 3 (http://wwwnc.cdc.gov/EID/article/20/8/14-0341-T3.htm). 
*Isolates having >80% similarity or <6 band differences were assigned a PFGE cluster if there were >3 isolates within the cluster; †region of 
hospital location: C, central; N, north; S, south. –, no isolates found. (n), number of isolates having the same PFGE pattern; MLST, multilocus 
sequence typing; (N), number of isolates on which MLST was performed; SLV, single locus variant, DLV, double locus variant. 
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fluoroquinolone-resistant H. influenzae spread in a hospital-
affiliated long-term care facility in New York, NY, USA, 
and almost all resistant isolates belonged to 1 clone (8). 
From 2002 to 2004, the rate of fluoroquinolone resistance 
in H. influenzae in hospitals in the Hokkaido Prefecture in 
Japan increased from 0.5% to 2.6%, and the resistant iso-
lates were found only in elderly patients (9). In 2007, a high 
rate of levofloxacin resistance (41.7%, 20/48 isolates) was 
found in H. influenzae that was colonizing 4 nursing home 
residents in southern Taiwan, and 2 major clones accounted 
for 90% (18/20) of the resistant isolates (7).

In our study, isolates of the same PFGE cluster mostly 
had similar mutation patterns. Therefore, the emergence 
of fluoroquinolone-resistant isolates may be the results of 
several clones spreading in the same region. However, iso-
lates within the same PFGE cluster having the same ST 
but different QRDR mutation patterns were also found. In 
addition, nearly all the levofloxacin-resistant H. influen-
zae isolates belong to 7 previously unreported STs or their 
SLVs. This finding indicates that the emergence of levo-
floxacin-resistant isolates likely occurred through spon-
taneous mutation of hypermutable clones under selective 
pressure (8,14), and these clones then disseminated locally 
in each region.

In summary, our study revealed the emergence and 
spread of levofloxacin-resistant H. influenzae in different 
regions of Taiwan, with regional predominance of certain 
STs. We studied a large number of levofloxacin-resistant 
H. influenzae from clinical diagnostic samples of multiple 
hospitals in different regions of Taiwan, so physicians 
should take into account the high rate of fluoroquinolone 
resistance when they prescribe empirical therapy for H. 
influenzae infections. Surveillance and intervention mea-
sures should be directed at the risk groups identified in 
this study to halt the increase in fluoroquinolone resis-
tance in H. influenzae.
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  genus of gram-negative, anaerobic spiro-
chete bacteria, Borrelia was named after 

French biologist Amédée Borrel. In 1995, Masahi-
to Fukunaga et al. isolated a novel Borrelia species 
and named it Borrelia miyamotoi, in honor of  

Kenji Miyamoto, who first isolated spirochetes 
from ixodid ticks in Hokkaido, Japan. Human cas-
es of B. miyamotoi infection were subsequently 
found in Russia in 2011 and North America  
in 2013.

Borrelia miyamotoi [bə-rel′ e-ə mi″ a-mo-to′ e]

etymologia
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We confirmed infection of 2 patients with Borrelia mi-
yamotoi in Japan by retrospective surveillance of Lyme 
disease patients and detection of B. miyamotoi DNA in se-
rum samples. One patient also showed seroconversion for 
antibody against recombinant glycerophosphodiester phos-
phodiesterase of B. miyamotoi. Indigenous relapsing fever 
should be considered a health concern in Japan.

Borrelia miyamotoi, which is genetically grouped with 
relapsing fever borreliae, was recently identified as a 

human pathogen in Russia (1), the United States (2–4), and 
Europe (5). Ticks of the Ixodes persulcatus species com-
plex are transmission vectors. Pathogenic borreliae were 
discovered in I. persulcatus ticks in Japan (6).

In areas of Japan to which Lyme disease is endemic, 
wild rodents have been found to be infected with B. miya-
motoi (7), although no human infections have been con-
firmed. B. miyamotoi isolates from Japan are potential hu-
man pathogens because they form a monophyletic lineage 
with isolates from patients in Russia (1). We conducted a 
retrospective investigation to identify occult cases of hu-
man infections with B. miyamotoi in Japan.

The Study
A total of 615 serum samples were obtained from 408 

persons in Japan who had confirmed Lyme disease or un-
confirmed, clinically suspected Lyme disease and used to 
detect B. miyamotoi DNA. The serum archive was estab-
lished during 2008–2013 at the National Institute of Infec-
tious Diseases (Tokyo, Japan). Use of human samples was 
approved by the ethical committee of the National Institute 

of Infectious Diseases for medical research with humans 
(approval no. 360; July 2, 2012).

All serum samples were centrifuged (15,000 × g for 10 
min), and sediments were used for DNA extraction. DNA 
extraction was performed by using the DNeasy Blood and 
Tissue Kit (QIAGEN, Hilden, Germany) according to the 
manufacturer’s instructions with minor modification (the 
extraction column was incubated for 10 min at 70°C before 
DNA was collected).

For detection of B. miyamotoi DNA, real-time PCR 
was performed with primers and probes described by Bar-
bour et al. (8). The reaction was performed in a 25-μL vol-
ume in single tubes with 1 µmol/L of each primer and 0.25 
µmol/L of each probe. The PCR was conducted on a 7000 
Real Time PCR Apparatus (Applied Biosystems, Foster 
City, CA, USA), and conditions were 42 cycles at 95°C for 
5 s and 60°C for 31 s. For confirmation of positive samples, 
a flaB gene nested PCR and sequencing of amplicons were 
performed as described (9).

The number of copies of DNA in patient serum sam-
ples was estimated by quantitative PCR (qPCR). Plasmid 
pBMrrs1 that contained part of the 16S rRNA gene for B. 
miyamotoi strain HT31 was prepared as described (9) and 
was used as a quantitative control.

A recombinant B. miyamotoi glycerophosphoryl dies-
ter phosphodiesterase (GlpQ) was used for serologic test-
ing. The GlpQ gene (glpQ) of B. miyamotoi strain HT31 
was cloned into plasmid vector pET-19b (Merck KGaA, 
Darmstadt, Germany). His-tagged GlpQ was subsequent-
ly expressed in Escherichia coli Rossetta strain (Merck 
KGaA) by using MagicMedia (Life Technologies, Carls-
bad, CA, USA). Western blotting for detection of antibod-
ies against GlpQ in patient serum was performed as de-
scribed (10). Our retrospective investigation identified 2 
cases of B. miyamotoi infection.

Case-patient 1 was a previously healthy, 72-year-old 
woman who lived in Hokkaido, Japan. The patient reported 
no history of foreign travel. Myalgia and anorexia devel-
oped on July 23, 2011, and she was hospitalized on July 25, 
at which time she had a fever of 39°C. Physical examina-
tion showed erythema migrans, and the patient confirmed 
that she had been bitten by a tick 10 days earlier.

Laboratory tests on July 25 showed increased levels 
of C-reactive protein (44 mg/L), alanine aminotransferase 
(94 IU/mL), and aspartate aminotransferase (90 IU/ml). 
The procalcitonin level was ≥0.05 ng/mL, as determined 
by using a PCT-Q Test (Brahms GmbH, Hennigsdorf, 
Germany). The leukocyte count was 3,900 cells/mL (87% 
neutrophils), and a left shift was observed. Erythrocyte 
and platelet counts were within reference ranges. The pa-
tient was given a clinical diagnosis of acute Lyme disease 
because of typical erythema migrans and a history of a 
tick bite. The patient was treated with minocycline (100 
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mg/day for 5 days). Symptoms improved rapidly, and she 
was discharged from the hospital on July 30.

Borrelial DNA was detected in a serum sample ob-
tained on July 25 by 16S rRNA gene–based-real time 
qPCR and a flaB gene–specific nested PCR. Sequencing 
of a flaB PCR amplicon (294 bp) indicated that the infec-
tious borreliae was B. miyamotoi (GenBank accession no. 
AB921566) because the sequence was identical to that of 
B. miyamotoi HT31 (GenBank accession no. D43777). The 
number of copies of the Borrelia genome in serum was es-
timated to be 7.2 × 103 copies/mL by qPCR.

The level of IgM against GlpQ was increased in a 
convalescent-phase serum sample obtained on August 10 
(Figure, panel A). We also found that antibody levels were 
increased in convalescent-phase serum by conducting im-
munoblot analysis with a whole cell lysate of B. miyamotoi 
strain MYK3 (Figure, panel B). 

Case-patient 2 was a previously healthy 37-year-old 
man who lived in Hokkaido, Japan. The patient reported 
no history of foreign travel. The patient was bitten by a 
tick on May 28, 2013, and was subsequently hospitalized 
on June 11, at which time he had a fever of 39.8°C and 

erythema migrans at the site of the tick bite. The patient 
was given a clinical diagnosis of acute Lyme disease and 
erythema migrans. The patient was treated with ceftriax-
one (1 g/day for 7 days). Symptoms improved rapidly, 
and treatment was administrated until July 17 in the out-
patient setting.

Borrelial DNA was detected from a serum sample ob-
tained on June 11 by qPCR and nested flaB PCR. Sequenc-
ing of the flaB PCR amplicon (294 bp) confirmed B. miya-
motoi (GenBank accession no. AB921567) infection in the 
patient because the sequence was identical to B. miyamotoi 
HT31 (GenBank accession no. D43777). The number of 
copies of the borrelia genome in serum was estimated to 
2.8 × 104 copies/mL by qPCR. Antibodies against GlpQ 
were not detected in serum obtained on June 11 (Figure, 
panel A).

Serologic analysis with a commercial kit for IgM 
(RecomLine Borrelia IgG/IgM; Mikrogen, Neuried, Ger-
many) (Figure, panel C) showed that serum from these 
2 patients reacted with several antigens of Lyme disease 
borreliae (Figure, panel C). Convalescent-phase serum 
from case-patient 1 reacted to P100 from B. afzelii, VlsE 
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Figure. Immunoblot analysis of serum 
reactivity to antigens of Borrelia 
miyamotoi and Lyme disease borreliae, 
Japan. Serum samples obtained from 
2 patients were examined. For case-
patient 1, acute-phase serum obtained 
on July 25, 2011, and convalescent-
phase serum obtained on August 
10 were used. For case-patient 2, 
acute-phase serum obtained on 
June 11 was used. A) Reactivity to 
recombinant glycerophosphodiester 
phosphodiesterase (GlpQ) antigen. 
Crude rGlpQ were used for immunoblot 
analysis (10). Recombinant GlpQ was 
separated by electrophoresis on a 
5%–20% polyacrylamide gradient 
gel (Wako Pure Chemical Industries 
Inc., Osaka, Japan), and antigen was 
stained with Coomassie brilliant blue. 
CBB, protein profile. Molecular mass 
markers are shown on the left. B) 
Reactivity of patient serum samples 
to whole cell lysate of B. miyamotoi 
antigens. A low-passage strain of B. 
miyamotoi (strain MYK3) was used for 
immunoblot analysis (10). A negative 
control was serum obtained from a 
healthy human (resident of an area to 
which Lyme disease was not endemic). 
Molecular mass markers are shown 
on the left. C) Serodiagnosis of Lyme 
disease by immunoblot analysis of 
serum samples from the 2 patients. 
OspC, outer surface protein C. 
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from various Borrelia species, P41 from B. burgdorferi 
sensu stricto, and OspC from B. afzelii and B. garinii. 
Acute-phase serum from case-patient 2 reacted with OspC 
for all Borrelia species included in the kit. However, the 
commercial serologic test used does not provide enough 
evidence to determine whether these 2 patients were co-
infected with Lyme disease borreliae because antigenic 
difference between B. miyamotoi and B. burgdorferi sen-
su lato have not been investigated.

Conclusions
Platonov et al. (1) reported that I. persulcatus ticks are 

a transmission vector for B. miyamotoi and Lyme disease 
borreliae in Russia. This tick species is also ubiquitous in 
Hokkaido, Japan, and host-seeking behavior of adult ticks 
is active during spring–late summer. Humans in Hokkaido 
are bitten most often by I. persulcatus ticks, and Lyme 
disease borrelia is transmitted to humans mainly through 
the bite of the adult tick (11). Although the causative tick 
species was not identified for the 2 case-patients, circum-
stantial evidence suggests that I. persulcatus ticks are a 
main transmission vector for B. miyamotoi in Hokkaido, as 
shown in Russia (1).

Emerging relapsing fever caused by B. miyamotoi has 
been identified in Russia, North America, and Europe, and 
B. miyamotoi-related meningoencephalitis has been report-
ed in the United States and the Netherlands. Our study in-
dicates that a human health threat from emerging relapsing 
fever is present in Japan. For risk analysis of this emerg-
ing relapsing fever, epidemiologic surveys (e.g., determin-
ing infection rates of host-seeking ticks of the I. persul-
catus species complex in various locations in Japan) and 
improvement of serologic diagnostic systems (especially 
early diagnosis) should be considered.
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Chikungunya virus (CHIKV) is an alphavirus trans-
mitted in an urban epidemic cycle by the mosquitoes 

Aedes aegypti and Ae. albopictus. CHIKV outbreaks are 
characterized by rapid spread and infection rates as high as 
75%; 72%–93% of infected persons become symptomatic. 
The disease manifests as acute fever and potentially de-
bilitating polyarthralgia. In a variable proportion of cases, 
polyarthritis and fatigue can persist for 2 years or longer 
(1). During outbreaks, the large percentage of symptomatic 
infections places a considerable strain on resources of local 
health care providers and hospitals. Fortunately, death from 
chikungunya is rare.

CHIKV was first identified in Tanganyika (now Tan-
zania) in 1952 (2). The virus was later found to be widely 
distributed and to cause sporadic, mostly small outbreaks in 
Africa and Asia through the 1960s and 1970s. Little activ-
ity was reported from the mid-1980s until June 2004, when 
an epidemic occurred on Lamu Island, Kenya, then spread 
during 2005 to Comoros, La Reunion, and to other Indian 
Ocean islands, causing ≈500,000 cases (3). This was fol-
lowed in 2006–2009 by an epidemic in India that produced 
>1.5 million cases in 17 of the country’s 28 states and sub-
sequently spread through Southeast Asia to the islands of 
the Pacific Ocean (4). The public health community has 
come to recognize CHIKV as a major emerging, epidemic-
prone pathogen.

The global expansion of CHIKV has been broadened 
by the movement of infected persons to areas with compe-
tent mosquito vectors and a susceptible human population 
(5). CHIKV-infected travelers have been documented in 
>22 countries throughout Asia, Europe, and North America 
(1,6,7); their travel led to outbreaks in northern Italy (8) and 
southern France (9). Until a few months ago, only travel-
related cases had been detected in the Western Hemisphere 
(7,10,11) with no evidence of local transmission.

The first known autochthonous chikungunya cases in 
the Western Hemisphere occurred in October 2013 on the 
island of Saint Martin and were reported in December 2013 
(12). During the next 4 months, >31,000 confirmed and 

probable autochthonous cases were reported from numer-
ous other Caribbean islands (as of April 28, 2014: British 
territories Anguilla and British Virgin Islands; overseas 
departments of France consisting of Dominica, Guade-
loupe, Martinique, Saint Barthélemy, and Saint Martin; 
constituent country of the Netherlands, Sint Maarten; the 
Federation of St. Kitts and Nevis; the Dominican Republic; 
and Saint Vincent and the Grenadines). Infected travelers 
originating from the island countries have carried the virus 
around the region, leading to authochthonous chikungunya 
cases occurring in mid-February 2014 in French Guiana on 
the mainland of South America. Virus spread to other is-
land countries and expansion into mainland areas of South, 
Central, and North America are inevitable.

Three CHIKV genotypes (East-Central-South African 
[ECSA], West African, and Asian) have been described; 
apparently they evolved independently in the different re-
gions (13). The ECSA genotype has primarily been associ-
ated with the current epidemics in the Indian Ocean region, 
and the Asian genotype has been associated with recent 
outbreaks in the Pacific region. A single-base mutation in 
1 strain of the ECSA genotype enhances replication of the 
virus in Ae. albopictus, contributing to the explosive epi-
demic that was observed in the La Reunion outbreak (14). 
Enhanced Ae. albopictus competence is also produced by 
a different substitution in a CHIKV ESCA lineage that has 
been associated with an outbreak in Kerala, India, in 2009 
(15). Sequence analysis demonstrated that an Asian geno-
type of CHIKV caused the current outbreak in the Carib-
bean (12). In this issue of Emerging Infectious Diseases 
(http://wwwnc.cdc.gov/eid/article/20/8/14-0333-article 
htm), Lanciotti and Valadere compare CHIKV strains cir-
culating in the Caribbean to those obtained from human 
serum samples from locally transmitted cases on the Brit-
ish Virgin Islands in January 2014. Their findings indicate 
that the strain circulating in the Caribbean is most closely 
related to strains isolated in China during 2012 and from 
Yap, Federated States of Micronesia, during 2013–14 (16), 
confirming the extent and speed at which CHIKV strains 
move around the globe. 

Such knowledge about the specific virus lineage cir-
culating in the region is essential to understanding the 
potential disease burden that may result. Ae. aegypti and 

Movement of Chikungunya Virus  
into the Western Hemisphere

Roger S. Nasci

Author affiliation: Centers for Disease Control and Prevention, Fort 
Collins, Colorado, USA

DOI: http://dx.doi.org/10.3201/eid2008.130333

COMMENTARY



Chikungunya Virus, Western Hemisphere

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014	 1395

Ae. albopictus are competent vectors of Asian genotype 
CHIKV (17), although there is little evidence supporting a 
substantive role of Ae. albopictus in epidemic transmission 
of the Asian CHIKV genotype. However, the capacity for 
Ae. albopictus to transmit Asian CHIKV provides the po-
tential for introductions from the Caribbean islands, which 
will facilitate local transmission in areas of the continental 
United States and South America where Ae. albopictus is 
common, but Ae. aegypti is absent.

CHIKV has the same urban epidemic transmission 
ecology as dengue virus, with Ae. aegypti and Ae. albopic-
tus serving as vectors (6). Like dengue, epidemic chikungu-
nya is an anthroponosis that does not require a nonhuman 
vertebrate amplifier host. This means that the estimated 3.6 
billion persons in 124 countries at risk for dengue (18) are 
at risk for chikungunya. In the Americas, dengue incidence 
has been increasing (19), indicating that the likelihood of 
CHIKV outbreaks is high in areas in the Americas where 
the population is prone to dengue. There are currently no 
CHIKV vaccines or specific treatments; the only public 
health intervention available is reduction of mosquito-to-
human contact through personal protection measures and 
vector control efforts to reduce mosquito abundance.

The entry of CHIKV into the Americas was anticipat-
ed and prompted health agencies in the region to develop 
preparedness and response plans (1). Now that CHIKV is 
here, health agencies and health care providers in areas of 
the Americas where dengue is endemic, as well as in parts of 
temperate North and South America where Ae. aegypti and 
Ae. albopictus are present, should be aware of the potential 
for CHIKV introduction and establishment, particularly over 
the coming months as the rainy season starts and conditions 
that promote dengue transmission traditionally increase. 
Existing diagnostic and surveillance networks must be en-
hanced, and effective vector control activities must be inten-
sified to address this new public health threat to the region.

Dr Nasci is chief of the Arboviral Diseases Branch in the Di-
vision of Vector-Borne Diseases, Centers for Disease Control and 
Prevention. His research interests include the ecology and control 
of mosquito-transmitted pathogens.
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Diagnosis of  
Bartonella henselae 

Prosthetic Valve 
Endocarditis in 

Man, France
To the Editor: Bartonella spp. 

cause 2% of cases of blood culture–
negative endocarditis (1). Early diag-
nosis of Bartonella spp. infectious en-
docarditis, is challenging, especially 
for patients with preexisting valvular 
heart disease. A diagnosis for these pa-
tients requires bacterial culture, sero-
logic testing, or molecular detection in 
serum or tissue (2). The sensitivity and 
specificity of Duke modified criteria 
(3) for detecting endocardial involve-
ment by echocardiography are not op-
timal, which results in decreased diag-
nostic accuracy (4).

18Fluorodeoxyglucose–positron 
emission tomography/computed to-
mography (18FDG-PET/CT), has been 
shown to be beneficial for diagnosis 
(4) and management of prosthetic 
valve endocarditis (5), particularly 
if echocardiographic findings are in-
conclusive (6). This procedure can 
be performed in patients of all ages 
by adjusting the dose of 18FDG to 
the weight of the patient. We report a 
case that illustrates the usefulness of 
18FDG-PET/CT for diagnosis of Bar-
tonella henselae infectious endocardi-
tis in a patient with a prosthetic valve.

On October 18, 2012, a 56-year-
old man was admitted to Timone 
Hospital (Marseille, France) with fa-
tigue and weight loss (–6 kg) over the 
past 6 months. He had had an aortic 
valve replacement and a bioprosthe-
sis was inserted in 2005 for rheumatic 
disease. The patient had owned a kit-
ten for 6 months.

Laboratory findings showed mod-
erate anemia (hemoglobin level 114 
g/L), an elevated C-reactive protein 
level (34.5 mg/L), and polyclonal hy-
pergammaglobulinemia. A test result 
was negative for rheumatoid factor. 
Transthoracic and transesophageal 

echocardiograms showed a thickened 
and partial aortic stenosis around the 
bioprosthesis.

Because infectious endocarditis 
was suspected, treatment with intra-
venous antimicrobial drugs (amoxi-
cillin, 200 mg/kg/day for 6 weeks and 
gentamicin, 160 mg/day for 2 weeks) 
was initiated. On day 7, he was trans-
ferred to the cardiology department 
of Timone Hospital in Marseille, 
France. An endocarditis test was per-
formed by using an endocarditis kit 
as described (7). Three routine blood 
cultures were negative. The patient 
was given a diagnosis of possible 

infectious endocarditis by using the 
Duke score (3).

An 18FDG-PET/CT scan was per-
formed and showed 18FDG uptake in 
the aortic bioprosthesis area (Figure). 
Results of a whole body scan were 
normal. An immunofluorescence test 
for Bartonella spp. showed titers of 
400 for IgG against B. quintana and 
B. henselae (1), and Western blot con-
firmed a reactivity pattern pathogno-
monic for B. henselae endocarditis. 
Results of a PCR performed with a 
blood sample stored in EDTA (1) 
were positive for B. henselae. On day 
13, antimicrobial drug therapy was 
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Figure. Positron emission tomography/computed tomography fusion imaging for a 56-year-
old man in southern France with Bartonella henselae prosthetic valve endocarditis. Left 
panel, frontal computed tomography image showing morphologic findings. Middle panel, 
18F-fluorodeoxyglucose–positron emission tomography (18FDG-PET) showing a cardiac 
hotspot (arrow) in relation to abnormal uptake of 18FDG. Right panel, fusion image 
combining 18FDG-PET and computed tomography showing localization of an aortic valve 
periprosthetic infection (arrow). 
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changed to oral doxycycline, 200 mg/
day for 1 month and intravenous gen-
tamicin, 160 mg/day for 15 days. On 
day 28, the patient was released from 
the hospital.

Two weeks later while still taking 
doxycycline, the patient was readmitted 
for a subarachnoid hemorrhage caused 
by a ruptured cerebral mycotic aneu-
rysm. After arterial ligation, intrave-
nous gentamicin was given with doxy-
cycline for an additional 15 days. The 
patient recovered during this therapy.

On February 25, 2013, because 
of valvular stenosis, the patient under-
went a new replacement with an aortic 
bioprosthesis. Valve culture remained 
sterile, but a PCR result was positive 
for B. henselae. Histologic analysis 
of the valve with Warthin-Starry stain 
showed no microorganisms. The pa-
tient remained asymptomatic for 2 
months after surgery.

Diagnosis of possible infectious 
endocarditis in the patient was sus-
pected after results of a transesopha-
geal echocardiogram were used as a 
major criterion (thickened and par-
tial aortic stenosis), and predisposing 
heart condition (aortic bioprosthesis) 
were used as a minor criterion (3) Be-
cause blood cultures were negative 
for the organism, the diagnosis of B. 
henselae infection was made by us-
ing serologic analysis and PCR (7). 
18FDG-PET/CT was especially valu-
able in early diagnosis of infectious 
endocarditis because echocardiogra-
phy showed no vegetation or abscess, 
a common feature of Bartonella spp. 
endocarditis in which vegetations are 
often small or absent. In addition, a 
diagnosis of infectious endocarditis 
remains challenging, particularly in 
cases of prosthetic valve infections, in 
which results of initial echocardiogra-
phy are not useful in 30% of cases (5). 
In such cases, the diagnostic accuracy 
of modified Duke criteria decreases.

Use of 18FDG-PET/CT for diag-
nosis and monitoring of infectious 
endocarditis showed promising re-
sults, particularly for prosthetic valve  

infections (5), cardiac device–related 
infections (6), and when results of 
echocardiography are inconclusive 
or blood cultures are negative (5). 
18FDG-PET/CT with abnormal uptake 
of FDG was proposed as a diagnostic 
criterion of prosthetic valve infectious 
endocarditis (4). In contrast, a nega-
tive 18FDG-PET/CT result does not 
rule out infectious endocarditis (8).

Use of 18FDG-PET/CT has been 
discussed mainly because of prob-
lems of sensitivity of tracer uptake in 
heart tissue and small vegetations (9). 
Improvements, such as patient prepa-
ration with low carbohydrate–fat diet 
and technical advances in the newest 
18FDG-PET/CT scanners, may in-
crease this sensitivity in future stud-
ies (10). Although 18FDG-PET/CT 
will not replace clinical evaluation, 
laboratory tests, and echocardiogra-
phy, this procedure might be helpful 
in diagnosis of Bartonella spp. infec-
tious endocarditis.
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Sika Deer Carrying 
Babesia Parasites 
Closely Related to 

B. divergens, Japan
To the Editor: Human babesiosis 

caused by Babesia divergens, a zoo-
notic pathogen of bovines in Europe, 
is an emerging tickborne disease (1). 
In the United States, a closely related 
Babesia sp. was identified in persons 
in Missouri and Kentucky and in 
eastern cottontail rabbits (Sylvilagus 
floridanus) on Nantucket Island, Mas-
sachusetts (2–5). We report that sika 
deer (Cervus nippon) in Japan also 
carry parasites genetically closely re-
lated to B. divergens.

During November 2007–Febru-
ary 2008 and November 2008–Febru-
ary 2009, we collected blood samples 
from 96 wild sika deer throughout Ja-
pan. We purified DNA from the blood, 
which had been stored in a freezer, by 
phenol/chloroform extraction and per-
formed nested PCR for B. divergens 
18S rRNA (rDNA), chaperonin-con-
taining T-complex protein 1 eta subunit 
(CCT7, formerly described as CCTη) 
(6), and β-tubulin (7) genes. Primers 
for rDNA were designed from the se-
quences of related Babesia spp. (Gen-
Bank accession nos. U16370, U16369, 
and AY046575): dv101F (5′-ACAA-
C A G T T A T A G T T T C T T T G -
GTATTCG-3′) and dv1353R 
(5′-GCCTTAAACTTCCTTGCG-
GCTTAGAGC-3′), and dv159F 
(5 ′ -GCTAATGCAAGTTCGAG-
GCCTTTTGGCG-3′) and dv1296R 
(5′-CGGACGAACCTTTTTACG-
GACACTAG-3′) for the first and 
second rounds, respectively. CCT7 
primers were similarly designed 
(GenBank accession nos. AB367924 
and AB367925): Bdiv/odoCCTF1 
(5′-CAAAATGAGYCACCTMCT-
CAACCTACC-3′) and BdivCCTR1 
(5 ′ -ATCTCAGCAGCTCACTA -
CAGTGACCACCTC-3′), and Bdiv/
odoCCTF2 (5′- CAACCTACCRAT-
TCTCCTYYTGAAGGAGGG-3′) 

and BdivCCTR2 (5′-GGCTAATA-
A G T C G ATAT T G C G G G G C T-
CACG-3′) for the first and second 
rounds, respectively. The β-tubulin 
PCR protocol has been described (7).

Of the 96 blood samples, 12 
from 5 prefectures (Hokkaido, Iwate, 
Tochigi, Nagano, and Miyazaki) were 
positive for Babesia rDNA (online 
Technical Appendix, http://wwwnc.
cdc.gov/EID/article/20/8/13-0061-
Techapp1.pdf). The sequence for 
sample 08–22 from Hokkaido (Gen-
Bank accession no. KC465978) was 
distinct from sequences of the other 
11 samples (97.5%–97.6% identity in 
1,041 bp), which consisted of 7 vari-
ant sequences (GenBank accession 
nos. KC465973–7 and AB857845–6) 
and 5 identical sequences (Gen-
Bank accession nos. KC465977 and 
AB861504–7) (99.7%–100% identi-
ty). The 5 identical sequences varied 
in only 1 of 909 bp from B. divergens 
rDNA from an Ixodes persulcatus 
tick in Russia [GenBank accession 
no. GU057385] (8).

β-tubulin (900 bp) was also am-
plified from the 12 Babesia rDNA–
positive samples. Ten of the sequenc-
es consisted of 3 sequence variants 
(99.9% identity; GenBank accession 
nos. KC465969, KC465970, and 
KC465968/AB861508–14). The 2 
divergent sequences (GenBank ac-
cession nos. KC465971 [08–22] and 
KC465989 [08–25]) were most similar 
to B. odocoilei (GenBank accession no. 
KC465972; 91% identity) and Theile-
ria orientalis (GenBank accession no. 
AP011947; 79.9% identity), respec-
tively. Thus, at least 1 deer likely had 
Babesia and Theileria spp. infections.

CCT7 was amplified from 10 of 
the 12 Babesia-positive blood sam-
ples. The sequences (GenBank acces-
sion nos. KC465979–88) were more 
heterogeneous (98.7%–99.9% identi-
ty) than those for rDNA and β-tubulin; 
this finding was expected because 
CCT7 evolves more quickly (6).

We generated a neighbor-join-
ing phylogenetic tree (ClustalW, 

http://clustalw.ddbj.nig.ac.jp/index.
php?lang=ja) from the Babesia rDNA 
sequences from our study and from 
GenBank (Figure, panel A). The 
tree shows a distinct lineage (Asian) 
cluster for the deer parasites, except 
for 08–22 (GenBank accession no. 
KC465978), within a clade also hold-
ing the B. divergens strains (human 
and bovine) from Europe (European 
Union lineage). The tree also shows 
a cluster encompassing Babesia spp. 
(human and rabbit) from the United 
States; B. divergens (deer), B. cap-
reoli (deer), and Babesia sp. (cham-
ois) from Europe; and B. divergens 
(human) from Portugal. Sequence 
08–22 branches with Babesia spp. 
in Ix. ovatus ticks from Japan (Gen-
Bank accession nos. AY190123 and 
AY190124) (9). The branch lengths 
indicate clear separation between 
the isolates from sika deer and ticks, 
suggesting that the clustering may be 
attributable to the limited number of 
available related sequences.

We also generated a phyloge-
netic tree of β-tubulin sequences (900 
bp), which produced similar topology 
and high bootstrap support (Figure, 
panel B). However, the limited num-
ber of relevant β-tubulin sequences 
precludes conclusions regarding 
the phylogeny of Babesia parasites. 
A CCT7 phylogenetic tree was not 
generated because of the paucity of 
sequences. Overall, the phylogenies 
suggest that B. divergens– and B. 
capreoli–related parasites are found 
worldwide in temperate zones of 
the Northern Hemisphere, including 
Europe (1), the United States (2–5), 
Russia (8), and Japan.

We showed the presence of B. 
divergens–like rDNA, β-tubulin, and 
CCT7 genes in sika deer from differ-
ent Japanese prefectures, confirming 
the presence of this parasite in Japan. 
B. capreoli, which is serologically 
indistinguishable from B. divergens, 
was previously reported in sika deer 
(10). However, no molecular data for  
the B. capreoli isolate exist, so no  
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conclusion may be drawn regarding its 
relationship to the B. divergens–like 
parasites from sika deer in our study.

There is an overabundance of 
wild sika deer in Japan because these 
animals easily adapt to a variety of 
climates, vegetation, and geography. 
Increased human exposure to deer 
habitats increases the risk of exposure 
to tickborne zoonoses, such as those 
caused by Babesia spp. In humans, 
infections caused by B. divergens and 
B. divergens–like parasites can be life 
threatening; fatality rates of 42% and 
33% have been reported in infected 
asplenic patients in Europe and the 
United States, respectively (1–3). 
The findings from our study empha-
size the need for increased clinical 
awareness of babesiosis in Japan 
and globally. They also emphasize  

the need for the swift diagnosis of 
suspected cases and prompt treat-
ment of confirmed cases, especially 
in asplenic patients at high risk for 
the potentially deadly consequences 
of babesiosis.
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coding DNA sequence.
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Transcontinental 
Movement of  

Asian Genotype  
Chikungunya Virus

To the Editor: Chikungunya vi-
rus (CHIKV), a mosquito–transmit-
ted virus (family Togaviridae, genus 
Alphavirus), was first isolated >60 
years ago in Africa and is responsible 
for epidemics of acute polyarthral-
gia. During CHIKV epidemics, the 
transmission cycle is from humans to 
mosquitoes, with no intervening am-
plifying host, and the virus can rapidly 
disseminate, infecting large numbers 
of persons. Epidemics have been de-
scribed in Africa, the Middle East, Eu-
rope, India, and Southeast Asia. On the 
basis of detailed clinical descriptions 
of the disease, chikungunya fever, it 
appears that CHIKV caused epidem-
ics in the Caribbean (St. Thomas, US 
Virgin Islands) and the southeastern 
coastal United States during the early 
19th century (1).

Genetic studies show that the virus 
has evolved into 3 distinct genotypes: 
West African, East/Central/South 
African (ECSA), and Asian (2). The 
genotypes likely indicate independent 
evolution of the virus in historically 
isolated areas. Phenotypic differences 
have been described between geno-
types and between individual strains, 
most notably an E1 mutation among 
some ECSA strains, which facilitates 
replication in Aedes albopictus mos-
quitoes (3). However, more recently, 
the movement of virus genotypes has 
increased dramatically, probably as a 
direct result of increased movement 
of humans and increased commercial 
trade. Beginning in 2005 and through 
2006, the ECSA genotype virus was 
responsible for an explosive epidemic, 
during which the virus moved from 
coastal Kenya to islands adjacent to 
southeastern Africa and then to India, 
where >1 million cases were recorded 
(2). During this time, imported cases 
were reported worldwide, and in some 

instances, autochthonous transmission 
was detected in distal locations (4,5).

In October 2013, the arbovirus 
diagnostic laboratory at the Centers 
for Disease Control and Prevention 
(CDC; Fort Collins, CO, USA) detect-
ed CHIKV in human serum specimens 
from Yap State, Federated States of 
Micronesia; the specimens were col-
lected during an epidemic of disease 
clinically compatible with chikun-
gunya fever. In December 2013, the 
French National Reference Centre for 
arboviruses confirmed that CHIKV 
was responsible for an epidemic oc-
curring on St. Martin Island, French 
West Indies, in the Caribbean (6). In 
January 2014, the Caribbean Public 
Health Agency detected CHIKV in 
2 human serum specimens from the 
British Virgin Islands (BVI); the sam-
ples were subsequently confirmed by 
CDC to be positive for CHIKV.

By using next-generation se-
quencing, we determined the com-
plete nucleotide sequence for 1 of 
the CHIKV specimens detected in 
BVI and for 2 of the CHIKV speci-
mens detected in Yap. DNA libraries 
for next-generation sequencing were 
prepared directly from RNA extracted 
from serum, and the amplified librar-
ies were sequenced by using the Ion 
Torrent Personal Genome Machine 
(Life Technologies, Grand Island, NY, 
USA). The CLC Genomics Work-
bench (CLC bio, Aarhus, Denmark) 
and Lasergene NextGen (DNASTAR, 
Madison, WI, USA) were used to 
analyze and assemble raw sequence  
reads. ClustalW (http://www.ebi.ac. 
uk/Tools/msa/clustalw2/) was used to 
align the complete genome sequences 
with a variety of CHIKV sequences, 
representing the 3 genotypes, from 
GenBank. Nearly identical phyloge-
netic trees were generated by several 
methods (i.e., minimum evolution, 
maximum likelihood, neighbor join-
ing); a representative neighbor-join-
ing tree generated and analyzed with 
1,000 replicates for bootstrap testing 
is shown in the Figure.
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1600 Clifton Road NE, Atlanta, GA 30333
Telephone: 1-800-CDC-INFO (232-4636) 
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How to Correctly Remove a Tick
Grasp the tick firmly and as closely to the 

skin as possible. With a steady motion, pull 
the tick’s body away from the skin.  

Do not be alarmed if the tick’s mouthparts 
remain in the skin.  

Cleanse the area with an antiseptic.
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In agreement with findings in a 
recent report characterizing the 2013 
CHIKV detected on St. Martin Island 
(6), the phylogenetic tree generated 
from our sequence data showed that 
the 2014 CHIKV from BVI is within 
the Asian genotype and is closely re-
lated to strains recently isolated in 
China and the Philippines. This finding 
supports the idea that a single CHIKV 
strain of the Asian genotype was re-
cently introduced into the Caribbean 
and is currently moving throughout 
the region. The 2 CHIKVs isolated in 

Yap in 2013 are most closely related 
to the CHIKV from BVI, differing by 
only 18–19 nt.

The tree also demonstrates that the 
CHIKV strains from Yap, BVI, China, 
and the Philippines form a strongly 
supported clade (bootstrap  of 1,000) 
within the Asian genotype (Figure). 
Within this clade, the CHIKVs detect-
ed in 2012 in Zhejiang Province, Chi-
na, and the Philippines are nearly iden-
tical, differing by only 4 nt in the entire 
genome. However, there is some am-
biguity regarding the exact origins of 

these 2 strains. The 2012 CHIKV from 
the Philippines is described in Gen-
Bank (http://www.ncbi.nlm.nih.gov/
nuccore/KC352904.1) as an “imported 
Chikungunya fever case in Ningbo 
port”; the virus was isolated and iden-
tified in Ningbo, China, but was de-
tected in samples from a traveler from 
the Philippines (GenBank accession 
nos. KC352904.1 and KC488650.1). 
The 2012 Zhejiang CHIKV was de-
tected and characterized in Zhejiang 
Province, but the virus was from a 
sailor who traveled around Southeast 
Asia; therefore, the exact origin of this 
virus is also unknown (7).

The striking similarity between 
the 2012 CHIKVs from the Philip-
pines and Zhejiang Province sug-
gests a common origin, perhaps the 
Philippines, where CHIKV trans-
mission was documented in 2012 
and 2013. Regardless of the exact 
origins of these 2 strains, it is clear 
that the CHIKV strain currently  
moving throughout the Caribbean 
originated from a CHIKV strain that 
was recently circulating between 
China, the Philippines, and Yap in 
Southeast Asia.
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Rickettsia felis  
Infections and  

Comorbid  
Conditions,  

Laos, 2003–2011
To the Editor: Fleaborne disease 

is highly prevalent in Laos, mainly at-
tributed to murine typhus (Rickettsia 
typhi infection), transmitted by Xeno-
psylla cheopis fleas, but data on other 
fleaborne diseases are limited (1). We 
screened blood and cerebrospinal fluid 
(CSF) from participants in 2 large pro-
spective studies in Laos for Rickettsia 
spp. using a genus-specific 17-kDa–
based Rickettsia real-time quantita-
tive PCR assay, and positive results 
were confirmed by DNA sequencing 
(2,3). In samples from >2,500 patients 
(2,540 blood and 1,112 CSF), we  

detected 3 cases of sequence-con-
firmed R. felis infections.

A 50-year-old man, an official in 
Vientiane City, was admitted to a hospi-
tal with fever and headache in October, 
2008. HIV infection and cryptococcal 
meningitis were diagnosed. Treatment 
with intravenous amphotericin B, then 
oral fluconazole, was successful; an-
tiretroviral treatment was initiated 1 
month after diagnosis. Among a panel 
of diagnostic PCRs, the CSF sample 
specimen tested positive for genus-
specific 17-kDa–Rickettsia quantitative 
PCR, but was negative for Orientia 
tsutsugamushi and R. typhi. DNA se-
quencing of 434 bp of the 17-kDa gene 
(Macrogen, Seoul, South Korea) re-
vealed a 100% homology to the R. felis 
URRWXCal2 strain (Table).

R. felis positivity in CSF is rare; 
4 cases have been reported (3). The 
combined findings of R. felis infec-
tion and severe immunodeficiency in 
this patient led to a reevaluation of the 
2 reported R. felis infections in Laos 
(2). Before this study, R. felis DNA or 
culture had not been handled in our fa-
cility. The interval between processing 
positive samples, dedicated separate ar-
eas for samples before and after PCR, 
and the low positivity rate make DNA 
contamination highly unlikely.

A 39-year-old housewife from 
Luang Namtha in northern Laos had 
a history of diabetes mellitus, which 
had been treated with glibenclamide. 
On arrival at the hospital in Novem-
ber, 2008, she had fever, headache, 
myalgia, and an eschar. She was em-
pirically treated with doxycycline 
(Table). An eschar biopsy specimen 
was PCR-positive for Rickettsia spp. 
and O. tsutsugamushi; PCR of buffy 
coat detected O. tsutsugamushi DNA 
only (2). Molecular characterization 
included 17-kDa and sca4 gene se-
quencing, which both revealed ampli-
cons of 100% identity to the R. felis 
URRWXCal2 strain. Serologic evi-
dence for O. tsutsugamushi infection 
(scrub typhus) included a 4-fold rise in 
IgM and IgG titers, and IgM and IgG 

titers against typhus group rickettsiae, 
spotted fever group rickettsiae, and 
R. felis (isolate B377 in XTC-2 cells, 
Australian Rickettsial Reference Lab-
oratory) were negative in admission 
and convalescent-phase samples (6-
day interval) (Table).

A 13-year-old boy from Salavan, 
in southern Laos, had fever, head-
ache, and nonspecific symptoms in 
July, 2009. P. falciparum malaria and 
dengue were diagnosed, both con-
firmed by PCR (Table). PCR results 
for the buffy coat specimen were 
positive for the 17-kDa gene; subse-
quent sequencing confirmed R. felis 
with 100% identity to the URRWX-
Cal2 strain. The fever resolved after 
treatment with antimalarial drugs 
and ceftriaxone; neither would be 
expected to be efficacious for R.  
felis infection.

These data suggest that R. felis oc-
curs in Laos, and is possibly emerging, 
but whether it results in clinical disease 
or commonly causes subclinical infec-
tion is unknown. The screened cohorts 
of consecutively enrolled patients with 
febrile illnesses across 3 diverse geo-
graphic regions are representative of 
etiologic agents of fever across Laos. 
PCR has previously been used for de-
tection of R. felis and resulted in the 
discovery of a new R. felis–like organ-
ism in fleas in Kenya, Candidatus Rick-
ettsia asemboensis (4). Reports from 
Southeast Asia suggest that R. felis is 
not a common cause of febrile illness 
(1,2), which contrasts with findings 
in Kenya, where R. felis was found in 
≈7% of febrile patients (4,5), and also 
in ≈3% of afebrile patients (5).

The high R. felis carriage rate in 
fleas found in Laos (77% overall; 53% 
in Ctenocephalides felis felis, 89% in 
C. f. orientis) contrasts strongly with 
the apparent low incidence of R. felis 
human infections (6). Among febrile 
hospitalized patients in Vientiane, 
1 case of R. felis infection was sero-
logically diagnosed by using species-
specific cross-absorption (1). Sero-
prevalence studies in the region could 
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elucidate exposure to this pathogen 
and unmask subclinical infections 
missed in fever etiology studies.

The 3 patients from Laos de-
scribed herein had comorbidities as-
sociated with variable degrees of im-
munodeficiency (HIV infection and 
malaria with cellular and humoral 
deficiencies, diabetes with functional 
neutrophil/macrophage impairment) 
(7,8). R. felis infections have not been 
associated with immunosuppression, 
but few investigations of this pos-
sible association have been published. 
Of the 3 patients, the woman and the 
boy had other vectorborne infections: 
scrub typhus, transmitted by Lep-
totrombidium mites, and P. falciparum 
malaria and dengue, transmitted by 
Anopheles and Aedes mosquitoes, re-
spectively. Recent reports described 
R. felis within a great diversity of  

vectors, including mites in South Ko-
rea and Anopheles and Aedes mosqui-
toes in Africa (9,10).

More work is needed on the role of 
non-flea vectors in transmission of R. fe-
lis and the consequences this may have 
in terms of mixed infections of diverse 
vectorborne pathogens. The rare detec-
tion of R. felis in patients, combined 
with high flea carriage rates, unusual 
signs and symptoms linked to immuno-
deficiencies or multiple infections, and 
reports from Africa describing R. felis 
in asymptomatic patients, underscore 
the need for further investigations into 
the organism’s natural history and its 
uncertain role as a pathogen.
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Table:	Clinical	and	laboratory	findings	of	3	patients	with	Rickettsia felis infections,	Laos* 
Patient	
characteristics 

Signs	and	
symptoms Molecular	findings Serologic	findings Other	laboratory	findings 

Male,	50	y,	
Vientiane	City,	
central	Laos 

Fever,	severe	
headache	 7	d;	
contact	with	cats	
and	dogs	14	d	
before	
admission;	
HIV/AIDS	(CD4-
count:	34	
cell/L) 

qPCR:	Orientia tsutsugamushi 
(CSF,	blood):	negative;	
Rickettsia spp.	(CSF):	positive;	
Rickettsia spp.	(blood):	
negative;	R. typhi (CSF,	blood): 
negative	 
Conventional	PCR	and	
sequencing	(CSF):Rickettsia 
spp.	17	kDa;	GenBank	
accession	no:	KF489454 

Scrub/murine	typhus:	
IgM/IgG	static	titers	(<1:100;	
negative) 
Spotted	fever	group:	IgM/IgG	
static	titers	(1:200;	negative)	 
R. felis: IgM/IgG	static	titers 
(<1:128;	negative) 

Increased	intracranial	pressure 
(>40	cm	H20) 
CSF:	clear	 
CSF	cellularity:	5	leukocytes/L 
(100%	lymphocytes)	 
CSF	glucose:	1.1	mmol/L;	
CSF/blood	glucose	ratio:	1:5	 
CSF	protein:	80	mg/L;	 
CSF	Cryptococcus culture:	
positive/serotyping (PCR/RFLP)	
C. neoformans var.	grubii  
HIV	rapid	tests:† positive 

Female,	39	y,	
Luang	Namtha,	
northern	Laos	 

Fever	 7	d;	
diabetes	
mellitus,	treated	
with	
glibenclamide;	
HIV	status:	
unknown 

qPCR: O. tsutsugamushi 
(eschar,	blood):	positive;	
Rickettsia spp.	(eschar):	
positive;	R. typhi (eschar):	
negative	 
Conventional	PCR	and	
sequencing (eschar):	Rickettsia 
spp.	17kDa	and	sca4; GenBank	
accession	no:	KF489455,	
KF489457 

Scrub	typhus: dynamic	
IgM/IgG	4-fold	rise	
(1:3,200/1:12,800) 
Murine	typhus:	IgM/IgG	
static titers	(<1:100;	
negative) 
Spotted	fever	group:	IgM/IgG	
static	titers	(1:200;	negative);	 
R. felis: IgM/IgG	static	titers	
(<1:128;	negative) 

None 

Male,	13	y,	
Salavan,	
southern	Laos	 

Fever	 7	d,	
contact	with	cat,	
rat,	and	fleas	14	
d	before	
admission;	HIV	
status:	unknown 

qPCR:	O. tsutsugamushi 
(blood):	negative;	Rickettsia 
spp.	(blood):	positive	R. typhi 
(blood):	negative	 
Conventional	PCR	and	
sequencing (blood):	Rickettsia 
spp.	17	kDa	GenBank	
accession	no:	KF489456 

Data	not	available Malaria	microscopy:	P. 
falciparum;  
Malaria	rapid	test:	P. falciparum 
ICT	Malaria	Combo	Cassette	
Test‡:	P. falciparum  
PCR:	positive;	 
Dengue	fever reverse	
transcription	qPCR: positive 
Dengue	genotyping	PCR:	
serotype	4 

*qPCR,	quantitative	PCR;	CSF,	cerebrospinal	fluid;	leukocyte;	RFLP,	restriction	fragment	length	polymorphism;	ICT,	immunochromatographic	test. 
†Uni-GoldTM	HIV,	Trinity	Biotech,	Ireland;	Alere	Determine	HIV-1/2	Ag/Ab	Combo,	Alere	Medical,	Japan. 
‡ICT Diagnostics,	Cape	Town,	South	Africa. 
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Chikungunya  
Outbreak in Bueng 

Kan Province,  
Thailand, 2013
To the Editor: Chikungunya fe-

ver is a dengue-like syndrome charac-
terized by acute fever, arthralgia, and 
maculopapular rash. The causative 
agent is chikungunya virus (CHIKV), 
which is transmitted by Aedes aegypti 
and Aedes albopictus mosquitoes (1). 
Based on the genome and the viral en-
velope E1 sequences, CHIKV is clas-
sified into 3 genetic lineages: Asian, 

West African, and East/Central/South 
African (ECSA) genotypes (2).

In Thailand, the first report of 
CHIKV infection occurred in Bang-
kok in 1958 (3); later, sporadic cases 
of chikungunya fever occurred in 
many provinces during 1976–1995 
(4). All of the CHIKV strains found 
in Thailand at that time were of the 
Asian genotype. The virus has since 
reemerged during 2008–2009 and 
caused large outbreaks in southern 
Thailand, affecting >50,000 persons 
(5). These outbreaks were attributed 
to the ECSA genotype. We report an 
outbreak of CHIKV infection in the 
northeastern province of Bueng Kan 
in 2013.

Bueng Kan Province is located 
on the Mekong River on the foothills 
of the mountainous region of Laos to 
the north. An outbreak of suspected 
dengue cases was reported during the 
rainy season during April–September 
2013(6). Beginning in September, 
however, hospital physicians noticed 
that patients were reporting fever with 
moderate to severe joint pain result-
ing in limitation of movement that 
lasted for weeks. Serum samples were 
collected from 109 persons (hospital-
ized and outpatient) in October. Clini-
cal data showed that 38 (34.9%) had 
moderate to severe joint pain; median 
duration of illness was 4 days (range 
1–7). Median timing of sample col-
lection from the onset of illness was 8 
days (range 1–21).

Samples were sent to Chulalong-
korn University Hospital in Bangkok 
to screen for mosquitoborne viruses. 
The study protocol was approved by 
the Institutional Review Board of Ch-
ulalongkorn University and consents 
were waived because all samples were 
stored as anonymous. Viral genomic 
RNA was assayed by using semin-
ested reverse transcription PCR (RT-
PCR) for CHIKV nucleic acid (7). 
Serum samples were tested for IgM 
against  CHIKV by using SD BIO-
LINE Chikungunya IgM Test (Stan-
dard Diagnostics Inc., Kyonggi-do,  
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South Korea) (8). In our study, the 
criteria for diagnosis of CHIKV infec-
tion included the detection of CHIKV 
nucleic acid by RT-PCR or IgM anti-
bodies against CHIKV.

Of the 109 samples tested, 51 
(46.8%) had evidence of CHIKV in-
fection, as 25 (22.9%) were positive 
for CHIKV RNA by RT-PCR, and 32 
(29.3%) were positive for IgM an-
tibodies. Both CHIKV nucleic acid 
and IgM were found in 6 samples. To 
further characterize the phylogenetic 
relationships between the CHIKV 
strains in this outbreak with strains 
previously found in Thailand and 
neighboring regions, we performed 
full-length viral genomic sequencing 
from srains from 4 samples by primer 
walking (4). We subjected sequences 
to BLAST analysis (BLAST, http://
blast.ncbi.nlm.nih.gov), aligned using 
the BioEdit program v7.1.9 (http://
www.mbio.ncsu.edu/bioedit/bioedit.
html), and performed sequence as-
sembly using the DNASTAR v6.0 
(DNA Star, Madison, WI, USA). We 
performed maximum likelihood phy-
logenetic analysis of a set of 11,710 
nt, including the sequences identified 
in this study (THA/Bueng Kan/BK46/ 
2013, THA/Bueng Kan/BK57/2013,  
THA/Bueng Kan/BK63/2013, THA/
Bueng Kan/BK68/2013; accession nos. 
KJ579184–7) by using the MEGA pro-
gram v6.0 (http://www.megasoftware. 
net). Taking into consideration pos-
sible co-circulation of the Asian and 
ECSA genotypes in Thailand, we 
also examined intergenotypic recom-
bination using the Recombination 
Detection Program, v4.22 (http:// 
en.bio-soft.net/tree/RDP.html).

Phylogenetic analysis, compar-
ing the 4 strains of CHIKV identi-
fied from Bueng Kan to 52 additional 
whole genomic sequences from Gen-
Bank, revealed that the 4 strains are 
closely related and share >99.8% pair-
wise nucleotide identity (Figure). The 
Bueng Kan isolates grouped to the 
ECSA genotype within the recent In-
dian Ocean clade (9). This relationship  

was confirmed by analysis of the non-
structural, structural, and E1 encoding 
regions (data not shown). The THA/
Bueng Kan strains all possessed an 
alanine to valine change at residue 
226 (A226V) in the E1 gene, which 
was noted as one of the crucial sub-
stitutions for increased transmissibil-
ity by Aedes albopictus mosquitoes 
reported for the Réunion Island iso-
lates (9). This substitution was shared 
among strains isolated in Thailand in 
2008, which were responsible for the 

previous CHIKV outbreaks in south-
ern Thailand (7), and those in the re-
cent outbreak in Cambodia (10). This 
suggests the presence and continued 
circulation of the E1-A226V virus in 
Thailand since 2008. However, an-
other mutation specific to the Indian 
Ocean isolates, D284E in the E1 gene, 
was not found in THA/Bueng Kan 
strains. No evidence of recombination 
has been found in the THA/Bueng 
Kan strains and other strains identified 
in Thailand thus far.
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Figure. Phylogenetic analysis of whole genome nucleotide sequences of chikungunya virus 
(CHIKV) isolated during the 2013 outbreak in Bueng Kan Province, Thailand. The trees were 
generated by maximum-likelihood method, and the numbers along the branches indicate 
bootstrap values. Scale bar denotes nucleotide substitutions per site. Branch support and 
nodal confidence was assessed by using a general time reversible +I−4 nt substitution 
model with 1,000 bootstrap resampling. All sequences are labeled with GenBank accession 
number, country (3 letter code) and city of origin, strain name, and year of sampling. Bold text 
indicates CHIKV isolates identified in this study. Black and white circles on the tree indicate 
E1-A226V mutant and nonmutant strains, respectively. ESCA, East/Central/South African.
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Viral infections by mosquitoes 
continue to challenge public health in 
Thailand. In evidence of this, we dem-
onstrated that CHIKV has become 
established in northeastern Thailand. 
Surveillance and clinical recognition 
will not prevent future outbreaks, but 
rather will assist in organizing an early 
response to outbreaks and thus mini-
mize unnecessary illness and death.
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Decline in Japanese  
Encephalitis,  

Kushinagar District, 
Uttar Pradesh,  

India
To the Editor: Kakkar et al. re-

cently concluded that the low-quality 
surveillance data on acute encepha-
litis syndrome (AES)/Japanese en-
cephalitis (JE) in Kushinagar Dis-
trict, India, provide little evidence to 
support development of prevention 
and control measures and to estimate 
the effect of interventions (1). Analy-
sis of the surveillance data, however, 
does provide evidence supporting 
the effect of an ongoing intervention 
(i.e., JE vaccination).

In accordance with the surveil-
lance protocol, cerebrospinal fluid 
and/or serum samples from AES pa-
tients admitted to the Baba Raghav 
Das Medical College (Gorakhpur, In-
dia) are tested for IgM against JE at the 
field laboratory of National Institute of 
Virology (NIV) at Gorakhpur (2). The 
samples are tested by using the ELISA 
developed by NIV Pune (Pune, India), 
which has a specificity of 85% (range 
77%–95%) and sensitivity of 71% 
(range 71%–75%) (3). Patients with 
samples negative for JE are considered 
to have JE-negative AES.

We obtained the line-list of AES 
patients from the NIV laboratory at 
Gorakhpur for 2008–2012. Analysis 
of the surveillance data indicated that 
251 (8.2%, range 4%–14.7%) of the 
3,047 AES patients from Kushinagar 

1406	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014



LETTERS

were positive for JE IgM and there-
fore considered to be JE case-patients. 
JE incidence per 100,000 persons in 
the district declined from 2.3 cases in 
2010 to 0.81 in 2011 to 0.58 in 2012 
(Figure). The decline in JE incidence 
since 2010 could be a consequence 
of JE vaccination activities in Kushi-
nagar. In 2010, a mass vaccination 
campaign with 1 dose of JE vaccine 
(SA 14–14–2 strain) was conducted 
among children 1–15 years of age. 
Subsequently, the vaccine was intro-
duced into the childhood vaccination 
program as a 1-dose strategy in 2011 
and a 2-dose strategy in 2013. Unfor-
tunately, information about evaluated 
coverage of JE vaccine is not avail-
able from the district. On the other 
hand, the average annual incidence 
of JE-negative AES during the same 
period was 16 cases per 100,000 per-
sons (95% CI 14.8–17.2), and this in-
cidence has remained relatively stable 
since 2008. 

With the isolation of enterovi-
ruses from JE-negative AES patients, 
waterborne transmission has been 
hypothesized, and the focus of inter-
vention has shifted toward improving 
sanitation and water quality. However, 
enteroviruses were detected only in 

a small proportion of AES patients. 
Although the quality of AES surveil-
lance needs to be improved, as Kakkar 
et al. suggested (1), further studies are 
needed to understand the etiology of 
JE-negative AES in the district and the 
risk factors for transmission. These 
studies might include systematically 
investigating patients and environ-
mental samples for enteroviral and 
other etiologic agents.
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Babesiosis  
Surveillance,  

New Jersey, USA, 
2006–2011

To the Editor: Since zoonotic 
babesiosis was first identified in the 
United States in 1966 (1), its inci-
dence and geographic range have 
increased (2). Previous studies have 
demonstrated increases in transfu-
sion-associated cases in recent years 
(3). In 2011, babesiosis became na-
tionally notifiable as its emergence 
and the potential for transfusion-as-
sociated cases were recognized (2,4). 
We assessed New Jersey, USA, sur-
veillance data for 2006–2011 to char-
acterize case information (incidence, 
potential transfusion associations, 
geographic distribution) in a state 
where babesiosis is endemic.

In New Jersey, babesiosis case 
reporting began in 1985. A retrospec-
tive study identified an upward trend 
during 1993–2001; eight of 21 coun-
ties reported cases (5). In 2005, the 
New Jersey Department of Health 
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Figure. Annual incidence of Japanese encephalitis (JE) and JE-negative acute encephalitis 
syndrome (AES), Kushinagar District, Uttar Pradesh, India, 2008–2012.
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established the Communicable Dis-
ease Reporting Surveillance System 
(CDRSS) to collect detailed informa-
tion for all reportable communicable 
diseases from clinicians, hospitals, 
and laboratories. Babesiosis was clas-
sified as confirmed for persons who 
had clinically compatible illnesses 
and Babesia parasites were detected 
by blood smear examination and as 
probable for persons who had clinical-
ly compatible illness, including docu-
mented anemia or thrombocytopenia, 
and total antibodies, shown by im-
munoglobulin or IgG titers of >1:256 
against B. microti by indirect fluores-
cent test. Cases were considered pos-
sibly transfusion associated if patients 
had documented cellular transfusions 
with no (or unlikely) other risk factors 
(e.g., tick bites) reported in CDRSS 
within 6 months before illness onset. 
To identify possible transfusion-as-
sociated cases, we searched CDRSS 
text fields for “blood,” “transfusion,” 
and “receipt of blood donation.” We 
obtained supportive evidence, when 
available, for transfusion transmission 
from medical records or blood cen-
ter reports. We calculated incidence 
rates using US Census population data  
for 2000 (6).

During 2006–2011, a total of 568 
babesiosis cases were reported (Fig-
ure); 521 (92%) were classified as 
confirmed and 47 (8%) as probable. In 
2006 and 2011, 64 and 166 cases were 
reported, a 260% increase in report-
ed cases; respective incidence rates 
were 0.76 and 1.97 cases per 100,000 
population. Seven of New Jersey’s 21 
counties accounted for 462 (81%) of 
all reported cases and for 128 (77%) 
of the 166 cases occurring during 
2011. However, all counties reported 
at least 1 case within the study peri-
od, whereas only 8 counties reported 
cases during 1993–2001 (5) (online 
Technical Appendix Figure, http://
wwwnc.cdc.gov/EID/article/20/8/13-
1591-Techapp1.pdf). Incidence for 
2006–2011 ranged from 0.4 to 39.4 
cases per 100,000 population; counties  

in southern New Jersey had the major-
ity of cases and also reported a high 
incidence of Lyme disease.

Case-patients’ median age was 
66 years (range 1 month–98 years). 
Two confirmed cases occurred in 
infants who were believed to have 
become infected by congenital trans-
mission (7). One infant’s mother was 
asplenic and had confirmed babesio-
sis. The other mother was asymptom-
atic and did not meet case criteria but 
had reported tick bites.

A total of 371 (65%) case-pa-
tients were aged >60 years of age; 
395 (70%) were male. Of the 568 case 
patients, 401 (71%) had been hospi-
talized at least once. Of the 303 case-
patients for whom information was 
available 48 (16%) were admitted to 
an intensive care unit. The all-cause 
case-fatality rate was 2% (7/357). All 
7 persons who died had been hospital-
ized, 3 of whom had been admitted to 
intensive care units.

We identified 12 possible transfu-
sion-associated cases (2 in 2006, 1 in 
2007, 3 in 2009, 2 in 2010, and 4 in 
2011). Two additional transfusion-as-
sociated transmissions (1 each in 2006 
and 2009) were identified, but these 

persons were asymptomatic and not 
included in this study. Risk factors for 
possible transfusion-associated cases 
included surgical procedures with 
complications requiring transfusions. 
Median age and case-fatality rate 
were higher for patients with possible 
transfusion-associated babesiosis, and 
these patients were significantly more 
likely to have acquired infection out-
side the summer months (online Tech-
nical Appendix Table).

Our study has some limitations. 
Increasing awareness, electronic re-
porting and testing, and environmental 
or ecologic factors might have contrib-
uted to the upward trend and incidence 
fluctuations. However, neighboring 
jurisdictions also observed a similar 
geographic expansion and overall in-
crease in incidence (8,9). Moreover, 
New Jersey’s Lyme disease surveil-
lance system shows similar incidence 
fluctuations for Lyme disease during 
the study period.

Continued surveillance for de-
tecting babesiosis and investigating 
possible transfusion-associated cases 
is needed nationwide (10). Although 
most cases in our study were report-
ed during summer months, possible 
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transfusion-associated cases were re-
ported throughout the year, underscor-
ing the need for constant awareness. 
The 2 cases of probable congenital in-
fection highlight the need to consider 
Babesia infection for newborns who 
have compatible clinical manifesta-
tions, especially if the mother had risk 
factors for infection.

Prompt identification of babesio-
sis is essential to prevent disease trans-
mission from infected blood donors to 
recipients. Although we modified New 
Jersey surveillance to include transfu-
sion as a risk factor, collaboration with 
stakeholders (including blood centers) 
will further facilitate case detection 
and confirmation and identification of 
infected donors. Including babesiosis 
on the list of nationally notifiable dis-
eases will improve national disease re-
porting and clarify the geographic dis-
tribution and incidence of tickborne 
and possible transfusion-associated 
cases. With increasing public aware-
ness and screening, public health 
professionals and stakeholders might 
consider dedicating public health re-
sources for babesiosis surveillance.
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Antibodies against 
West Nile and  

Shuni Viruses in 
Veterinarians, 
South Africa

To the Editor: Many arboviruses 
are zoonotic; humans acquire infec-
tion from the bites of arthropod vec-
tors or through exposure to the tissues 
and body fluids of infected animals. 
West Nile virus (WNV), a widely 
endemic zoonotic agent in South Af-
rica, occurs wherever the principal 
vector (Culex univittatus mosquitoes) 
and avian hosts are present (1). Se-
rosurveys based on hemagglutination 
inhibition and neutralization assays 
conducted during 1950–1970 indi-
cated that 17%–20% of long-term ru-
ral residents in the Karoo, 4%–8% in 
the Highveld, and 1%–3% in the Natal 
and the Eastern Cape areas had anti-
bodies against WNV (1). Most human 
infections tend to be sporadic and are 
characterized by mild febrile illness 
(2); however, severe disease has been 
documented (3). WNV has caused se-
vere neurologic disease of horses in 
South Africa (4), and zoonotic trans-
mission was recorded in a veterinary 
student who performed a necropsy on 
an infected horse (5). 

Shuni virus (SHUV) (genus Or-
thobunyavirus, family Bunyaviridae) 
was first isolated in Nigeria in 1966 
during surveys of livestock, Culicoi-
des midges, and mosquitoes, SHUV 
also once was isolated from a febrile 
child (6,7). SHUV recently was identi-
fied as a previously undetected cause 
of neurologic disease in horses in 
southern Africa (8) and is thus of in-
terest in comparison to WNV.

To determine the potential for hu-
man infections, we tested veterinar-
ians as a high-risk group for evidence 
of infection with these 2 viruses. 
Veterinarians with regular exposure 
to horses, livestock, or wildlife—
and thus to vectors because of an  
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outdoor lifestyle—were invited to do-
nate blood samples at specialist vet-
erinary conferences in South Africa in 
2011 and 2012.

The Kunjin MRM61C strain of 
WNV (9) and SHUV isolate SAE 
18/09 (8) were cultured and har-
vested when the cytopathic effect 
(CPE) reached 80%. Stock virus was 
titrated in 100-mL volumes in 6 rep-
licate wells per serial 10-fold dilution 
(10–1 to 10–9) in Leibowitz medium 
with 5% fetal calf serum (Invitro-
gen, Carlsbad, CA, USA), with 100 
mL of medium added in place of test 
serum dilution, and 25 mL of Vero 
cells (8 × 105 cells/mL) added per 
well. Plates were incubated at 37°C; 
CPE was monitored; and 50% tis-
sue culture infectious dose per mil-
liliter endpoints were calculated. 
For neutralization tests, serum were 
inactivated at 56°C for 30 min; du-
plicate 100-mL volumes of doubling 
dilutions were prepared in Leibowitz 
medium (1:10–1:640) and incubated 
with equal volumes of medium con-
taining a calculated 100 50% tissue 
culture infectious dose virus at 37°C 
for 45 min, and 25 mL Vero cells (8 
× 105 cells/mL) were added per well. 
Medium was added in place of virus 
to replicate test serum controls at a 
1:10 dilution to monitor for toxicity 
of the serum, and the virus used in 
the test was back titrated. Tests were 
monitored for 10 days. Neutralization 
titers were expressed as the recipro-
cal of the serum dilution that inhib-
ited >75% of CPE in both replicates, 
and only titers >20 were recorded as 
positive for virus antibodies.

Serum samples were received 
from 123 veterinarians in South Af-
rica and 4 from neighboring countries.  
Ten (7.9%) serum samples tested 
positive for antibody to WNV and 
5 (3.9%) for antibody to SHUV; all 
positive serum samples (titers 20–80) 
were from South African veterinar-
ians. Prevalence of WNV antibody in 
men (5/81 [6.2%]) and women (5/46 
[10.9%]) did not differ significantly. 

The veterinarians ranged in age from 
23 to 71 years and had practiced an 
average of ≈23 years; the prevalence 
of WNV antibody was similar in age 
groups23–50 years (6/74 [8.1%]) and 
51–71 years (4/53 [7.5%)].

Most veterinarians came from 
periurban practices in Gauteng 
(51/123) and Western Cape Provinces 
(18/123); the comparatively small 
numbers of samples from elsewhere 
preclude valid comparisons with the 
historical surveys of rural residents. 
However, indications that veterinar-
ians might be at increased risk for 
infection in some areas included a 
23.1% (3/13) prevalence of WNV 
antibody in KwaZulu-Natal veterinar-
ians and a similar prevalence of anti-
body in much smaller sample groups 
in the Free State and Northern Cape 
Provinces. In Gauteng, where most 
horses reside, 6% of veterinarians 
tested positive for WNV, which re-
flects the prevalence described for the 
Highveld region in the 1970s.

Four of the 5 veterinarians posi-
tive for SHUV antibody were men; 
2 were in the 23–50-year age group, 
and 3 were in the 50–71-year age 
group. Of the veterinarians who 
tested positive, 3 were identified in 
Gauteng (3/51 [5.9%]) and 1 each in 
the Eastern Cape (1/8) and Limpopo 
(1/8) Provinces. No clear histories 
of disease compatible with the in-
fections could be elicited from any 
of the veterinarians whose samples 
contained antibodies. Nevertheless, 
the 2 viruses, and related arboviruses, 
tended to be overlooked as animal 
and human pathogens in southern 
Africa until recently, and greater 
awareness is needed of their potential 
as zoonotic agents. Investigations of 
neurologic illness in humans iden-
tified several WNV cases that had  
been overlooked in hospitals in 
Gauteng (10). Similar investigations 
of febrile and neurologic illness in 
humans might shed light on the pos-
sible clinical significance of SHUV 
infection in humans.
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Isolation of  
Rickettsia typhi 

from Human,  
Mexico

To the Editor: Murine typhus is 
a febrile illness caused by Rickettsia 
typhi. The clinical manifestations are 
nonspecific, and the signs and symp-
toms resemble those of several other 
febrile illnesses. Murine typhus can 
be a self-limiting infection; however, 
it should be diagnosed and treated be-
cause complications and even death 
can result (1). In Mexico, particularly 
in Yucatan State, cases of murine ty-
phus in humans and high prevalence 
of antibodies in healthy blood donors 
have been reported (2,3). In 2012, we 
isolated R. typhi from a human patient 
in southeastern Mexico by using a 
simple and effective method, an adap-
tation of the centrifugation shell vial 
method to cell culture plates.

The patient, a 23-year-old  
man from Dzibzantun (21°15′00″N, 
89°03′00″W), in the northeastern part 
of Yucatan State, was referred for pos-
sible diagnosis of rickettsial infection. 
He had a low-grade fever (37.6°C) 
and a maculopapular rash on the tho-
rax and upper and lower extremities. 
The patient reported having cats in 

the house, but no fleas or ticks were 
observed. Clinical laboratory findings 
were within reference ranges. Test re-
sults were negative for dengue virus, 
but the Weil-Felix (Proteus OX19) test 
result was positive (titer 1:164). Single-
step PCR amplification was performed 
by using genus-specific primers for 
the 17-kDa lipoprotein and the citrate 
synthase gene (gltA), as described pre-
viously, to obtain amplicons of 434 bp 
and 380–385 bp (4). PCR was positive 
for R. typhi, and 100 mg of oral doxy-
cycline 2 times per day for 7 days was 
prescribed; the rash cleared.

We subjected 5 mL of blood to 
centrifugation for 1 hour at 1,000 
rpm and then stored the plasma at 
–80°C. Blood samples from other pa-
tients were used as controls. A total 
of 50,000 Vero cells were grown in 8 
central wells of a 24-well cell culture 
cluster (Corning Incorporated, Corn-
ing, NY, USA) with minimal essential 
medium (MEM; Biowest, Nuaillé, 
France) supplemented with 10% fe-
tal bovine serum (Biowest) and in-
cubated at 37°C with 5% CO2 for 48 
hours to obtain 95% confluence. We 
then thawed 700 mL of the plasma 
in a 37°C water bath. The MEM was 
discarded, and the wells were refilled 
with 250 mL each of a mixture of the 
plasma and fresh medium at a 1:3 
ratio. The plaque was covered with 
parafilm and centrifuged at 700 g for 
60 minutes at 22°C. The supernatant 
was discarded and replaced with 1 mL 
of MEM supplemented with 5% fetal 
bovine serum, 100 U penicillin, 100 
µg streptomycin, and 250 ng ampho-
tericin B (Sigma Aldrich, St. Louis, 
MO, USA) and incubated at 33°C 
with 5% CO2.

On day 3 after sample inoculation, 
the antimicrobial drug–containing me-
dium was removed and replaced with 
MEM without antimicrobial drug 
and supplemented with 5% fetal calf 
serum (HyClone Laboratories, Inc., 
South Logan, UT, USA). Medium was 
changed every 3 days until day 15. A 
cell sample from each well was tested 

for infection at days 9 and 15 by using 
Gimenez stain and PCR with 17 kDa 
and gltA primers.

Gimenez staining on day 15 
yielded numerous red-stained bacteria 
in the cytoplasm of Vero cells in the 
8 wells used. A single scraping of the 
cells from the positive wells was in-
oculated onto confluent layers of Vero 
cells, which enabled establishment of 
the isolate.

Three PCR amplicons of the 
17kDa- and gltA-specific primers 
(4–6) from positive wells were fully 
sequenced. After removing primer 
sequences, we compared amplicon 
sequences by conducting a gapped 
BLAST 2.0 (http://blast.st-va.ncbi.
nlm.nih.gov/Blast.cgi) search of the 
GenBank database; the 17-kDa (ac-
cession no. JX198507) and gltA (ac-
cession no. KC469611) gene fragment 
sequences showed 100% identity with 
R. typhi strain Wilmington (accession 
no. AE017197.1).

Murine typhus has been reemerg-
ing in southeastern Mexico for the past 
6 years (3,7). Active epidemiologic 
surveillance led to early detection of 
human cases and opportune treatment, 
thereby decreasing the rate of severe 
illness. However, the prevalent social 
and cultural conditions in small villag-
es, with close contact with domestic, 
peridomestic, and wild animals, facili-
tate the transmission of this fleaborne 
rickettsiosis; human infections, such 
as the case presented here, still occur.

We replaced shell vials with cell 
culture plates and isolated rickett-
siae from a biological sample from 
a patient with acute murine typhus. 
The method is as simple as the shell 
vial centrifugation technique and is 
highly sensitive and easy to perform, 
making it an excellent choice for 
rickettsiae isolation when shell vials 
are not available.

In the United States, isolation of 
R. typhi from a human was last report-
ed >50 years ago (8). The case reported 
here reinforces the need to extend sur-
veillance to small towns and villages  

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 8, August 2014	 1411



LETTERS

in Yucatan State. It also shows that a 
shell vial alternative method for R. ty-
phi isolation is simple and effective.
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Zika Virus Infection 
after Travel  

to Tahiti,  
December 2013
To the Editor: Zika virus 

(ZIKV), a member of the family Fla-
viviridae, is a mosquito-borne virus 
that is endemic to Africa and South-
east Asia. ZIKV causes illness that is 
similar to dengue fever, characterized 
by joint pain, myalgia, headache, and 
rash (1). ZIKV has caused several 
recent outbreaks, including one in 
Micronesia in 2007 (2) and one in 
French Polynesia (≈30,000 cases) 
ongoing since October 2013 (3) and 
spreading to New Caledonia and Eas-
ter Island (4). We report the clinical 
and laboratory findings for a patient 
with ZIKV infection imported from 
Tahiti, French Polynesia.

The previously healthy 31-year-
old woman from Norway was admit-
ted to the Oslo University Hospital, 
Norway, on December 13, 2013. Six 
days earlier, she had returned from a 
14-day vacation to Tahiti, where she 

mainly stayed in the capital, Pape’ete, 
and took a short trip to the island of 
Mo’orea. One day after her return to 
Norway, she experienced fever, in-
tense joint pain, and myalgia. Sub-
sequently, a maculopapular rash de-
veloped. At the time of admission, 
her temperature was 37.7°C, and she 
had enlarged nuchal lymph nodes; 
injected conjunctivae; and a macu-
lopapular rash on her trunk, extremi-
ties, and face (online Technical Ap-
pendix, http://wwwnc.cdc.gov/EID/
article/20/8/14-0302-Techapp1.pdf). 
Clinical examination findings were 
otherwise unremarkable. Laboratory 
tests showed leukopenia of 2.7 × 109 
cells/L (reference range 3.5–10 × 
109/L), with mild lymphopenia of 1.0 
× 109 cells/L (reference range 1.5.–4.0 
× 109/L) and neutropenia of 1.4 ×109 

cells/L (reference range 1.5–7.3 × 
109/L). No thrombocytopenia or el-
evated liver enzyme levels were de-
tected. C-reactive protein levels (1.4 
mg/L) were within reference range.

Because of the patient’s clinical 
picture and travel history, an acute 
ZIKV infection was suspected and 
several diagnostic tests were ordered. 
In a serum sample taken 5 days after 
symptom onset, no IgM or IgG against 
ZIKV, dengue virus (DENV), Japa-
nese encephalitis virus, yellow fever 
virus, or chikungunya virus was de-
tected by in-house indirect immuno-
fluorescence (5,6). Only a weak IgG 
titer of 1:20 (and no IgM) against tick-
borne encephalitis virus was found 
(cutoff <1:20). Test results for DENV 
nonstructural protein 1 antigen (Plate-
lia; Bio-Rad, Hercules, CA, USA) and 
generic flavivirus reverse transcrip-
tion PCR (RT-PCR) (6) were nega-
tive. Thus, for increased sensitivity, 
quantitative ZIKV-specific real-time 
RT-PCR (6) with the AgPath-ID One-
Step RT-PCR Kit (Life Technologies, 
Carlsbad, CA, USA) was performed 
according to the manufacturer’s in-
structions, and results were positive. 
ZIKV RNA load was 1.6 × 105 copies/
mL; in vitro–transcribed RNA from a 
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reference plasmid was used as a quan-
tification standard.

Attempts to isolate ZIKV in cell 
culture failed. Therefore, the serum 
sample was used to obtain the partial 
ZIKV genome sequence with primers 
designed from multiple alignments of 
partial ZIKV genomes retrieved from 
databases. Primer sequences used for 
partial genome amplification of ZIKV 
are available on request (to J. S.-C.). 
The partial ZIKV genome (strain Tahi-
ti, GenBank accession no. KJ461621) 
was successfully amplified from 
the serum sample, and phylogenetic 
analysis of an ≈200-bp long genomic 
fragment of the nonstructural protein 
3 gene demonstrated that strain Tahiti 
clusters within the Asian ZIKV lin-
eages and is closely related to a strain 
from Malaysia (Figure). 

In a follow-up serum sample col-
lected 36 days after symptom onset, 
IgG and IgM seroconversion against 
ZIKV was demonstrated; IgM titer 

was 1:1,280 and IgG titer was 1:2,560 
(cutoff <1:20). In the same sample, 
low IgG titers against tick-borne en-
cephalitis virus and DENV (1:40 and 
1:80, respectively) were noted (cutoffs 
<1:20). Real-time RT-PCR for ZIKV 
in this serum sample was negative.

Travel-related imported ZIKV in-
fections have been reported after trav-
el from Thailand to Germany (6) and 
Canada (7), from Indonesia to Austra-
lia (8), and from Senegal to the United 
States (9). Linked to the current out-
break in French Polynesia, infections 
in 2 travelers who had returned from 
Bora Bora to Japan have recently been 
described (10). The clinical findings 
for the patient reported here (fever, 
rash, arthralgia, myalgia) were simi-
lar to those previously reported for 
patients with imported cases (6,10). 
Available laboratory data are meager, 
but mild thrombocytopenia has been 
reported for some patients with Zika 
fever (10), but not for others (6,8). 

Outbreaks of dengue fever also occur 
in French Polynesia (10), making den-
gue fever clinically and epidemiologi-
cally the most important differential 
diagnosis. Elevated liver enzymes, 
which are found in patients with acute 
dengue fever, are found in some, but 
not all, patients with Zika fever (6,8). 

The measured viral load for the 
patient reported here (5 days after 
symptom onset) would not be high 
enough for efficient transmission of 
ZIKV to susceptible vectors such as 
Aedes aegypti or Ae. albopictus mos-
quitoes (S. Becker, pers. comm.). 
This finding is consistent with previ-
ously reported findings of ZIKV RNA 
loads of 930–728,800 copies/mL (2). 
However, Ae. aegypti and Ae. albop-
ictus mosquitoes are not present in 
Norway; thus, transmission in Nor-
way seems unlikely. ZIKV infection 
should be considered as a differential 
diagnosis for febrile dengue fever–
like syndromes in travelers who have 
returned from Southeast Asia and the 
Pacific region.
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Figure. Phylogenetic analysis of partial (≈200 bp) nonstructural protein 3 gene sequences 
of Zika virus strains performed by using maximum-likelihood and Bayesian methods. A 
substitution model was based on a general time-reversible model with gamma-distributed 
rate variation and a proportion of invariant sites. Numbers at the nodes represent posterior 
probability values (clade credibilities >90%) and percentage bootstrap support values 
(>70%) based on 1,000 replicates. GenBank accession numbers, strain name, year of 
isolation, and country of origin for sequences used to construct the tree are indicated on the 
branches. The tree was rooted with Spondweni virus (GenBank accession no. DQ859064). 
Strain Tahiti (from patient who had traveled to Tahiti, this study) is indicated in boldface. 
The scale bar represents genetic distance in nucleotide substitutions per site. The lineage 
of each virus is indicated to the right of the tree.
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Yersinia pestis in 
Pulex irritans  
Fleas during  

Plague Outbreak, 
Madagascar

To the Editor: Yersinia pestis 
(family Enterobacteriaceae) is a bac-
terium that can cause high rates of 
death in susceptible mammals and can 
provoke septicemic, pneumonic, and 
bubonic plague in humans (1). This 
zoonotic pathogen can be transmitted 
directly by infectious droplets or by 
contact with contaminated fluid or tis-
sue or indirectly through flea bites (1).

Plague was introduced into Mad-
agascar in 1898 from rat-infested 
steamships that had sailed from affect-
ed areas (2). Now, Madagascar is 1 of 
2 countries in Africa that have report-
ed cases of human plague every year 
since 1991 (3). During January 2008–
January 2013, the number of human 
plague cases reported in Madagascar 
ranged from 312 to 648 per year. Of 
these, 61.8%–75.5% were laboratory 
confirmed (National Plague Labora-
tory of the Ministry of Health, pers. 
comm.). Most (>83%) confirmed cas-
es were bubonic plague, which most 
commonly results from flea bites, 
suggesting that these bites were the 
most common mode of Y. pestis trans-
mission. In Madagascar, Xenopsylla 
cheopis fleas have been known as the 
primary plague vector in urban areas, 
whereas Synopsyllus fonquerniei fleas 
have been usually involved in plague 
transmission in rural areas (2). 

In January 2013, a total of 9 sus-
pected bubonic plague cases, 3 con-
firmed, were reported in Soavina, a 

rural area in the district of Ambatofi-
nandrana, Madagascar. Domestic fleas 
were collected with candle traps inside 
5 houses during 3 nights (Table). Fleas 
were also caught on small mammals 
trapped inside houses and outside in the 
sisal fences and rice fields (Table). A 
total of 319 fleas belonging to 5 species 
in 5 genera were collected inside and 
outside the houses, an average of 44 per 
house (maximum 71): Pulex irritans, 
Echidnophaga gallinacea, and Cteno-
cephalides canis fleas were collected 
inside the houses (244, 76.5%), and S. 
fonquerniei and X. cheopis fleas were 
collected outside (75, 23.5%). The hu-
man flea, P. irritans, was the most col-
lected flea species (233, 73.3%), fol-
lowed by S. fonquerniei (62, 19.4%), X. 
cheopis (13, 4.1%), E. gallinacea (10, 
3.1%), and C. canis (1, 0.3%).

Bacterial DNA was extracted 
from 277 fleas of 5 species: 233 P. 
irritans, 24 S. fonquerniei, 9 X. cheo-
pis, 10 E. gallinacea, and 1 C. canis. 
PCR to detect Y. pestis was performed 
by using primers YP1 (5′-ATC TTA 
CTT TCC GTG AGA AG-3′) and YP2 
(5′-CTT GGA TGT TGA GCT TCC 
TA-3′) to amplify a 478-bp fragment 
(4). Y. pestis DNA was then amplified 
and genotyped by Beckman Coul-
ter Genomics Inc. (Takeley, United 
Kingdom). The positive control was Y. 
pestis reference strain (strain 6/69, 3 
× 108 bacteria/mL; Institut Pasteur de 
Madagascar).

Detection of Y. pestis was carried 
out on 274 fleas belonging to 5 flea 
species: 230 P. irritans (181 unfed and 
49 engorged), 24 S. fonquerniei (15 
unfed and 9 engorged), 9 X. cheopis 
(8 unfed and 1 engorged), 10 E. galli-
nacea (blood-feeding status not iden-
tified), and 1 unfed C. canis. Y. pestis 
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Table.	Fleas	collected	inside	and	outside	houses	in	Soavina,	Madagascar,	 
January	2013 
Species Total	no.	(%) No.	(%)	inside No.	(%)	outside 
Pulex irritans 233	(73.0) 233	(95.5) 0 
Ctenocephalides canis 1	(0.3) 1	(0.4) 0 
Echidnophaga gallinacea 10	(3.1) 10	(4.1) 0 
Synopsyllus fonquerniei 62	(19.4) 0 62	(82.7) 
Xenopsylla cheopis 13	(4.1) 0 13	(17.3) 
Total 319	(100) 244	(100) 75	(100) 
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was detected in 9 P. irritans fleas (7 
male [6 unfed and 1 engorged] and 2 
[engorged] female) from 3 houses, in-
cluding the house where a confirmed 
human case of plague had occurred 
(online Technical Appendix, http://
wwwnc.cdc.gov/EID/article/20/8/13-
0629-Techapp1.pdf). Eight sequences 
(GenBank accession nos. KJ361938–
KJ361945) were obtained and share 
99% nucleotide homology with plas-
minogen activator genes of Y. pestis 
published in GenBank (accession nos. 
AF528537, AY305870). No Y. pestis 
was detected in the 24 S. fonquerniei, 
9 X. cheopis, 10 E. gallinacea, or 1 C. 
canis fleas collected. 

Although only X. cheopis and S. 
fonqueniei fleas had previously been 
described as plague vectors in Mada-
gascar, P. irritans fleas were most 
commonly collected during this field 
study; engorged and unfed male and 
female P. irritans fleas carried Y. pes-
tis. Other studies have found P. irri-
tans fleas in the plague risk area in oth-
er countries in Africa (5,6); one study 
found that P. irritans fleas may play a 
role in plague epidemiology in Tanza-
nia (5). Data on P. irritans fleas in rats 
make it unlikely that these fleas are 
involved in rat-to-human transmis-
sion of Y. pestis in Madagascar. Dur-
ing 1922–1995, a total of 118,608 rats 
were caught and examined in Mada-
gascar, but only 148 P. irritans fleas 
were identified, and none have been 
found on rats since 1996 (http://www.
pasteur.mg/spip.php?rubrique124). 
The high density of P. irritans fleas 
we observed in villages where plague 
outbreaks occurred in late 2012 and 
early 2013 (http://www.pasteur.mg/
spip.php?rubrique124) supports the 
possibility that P. irritans fleas played 
a role in domestic human-to-human 
transmission of Y. pestis during  
these outbreaks.
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Serologic  
Surveillance for 
West Nile Virus  
in Dogs, Africa
To the Editor: West Nile fe-

ver is caused by the West Nile virus 
(WNV), a mosquito-borne member 
of the genus Flavivirus. Birds are 
the natural reservoir of the virus, 
which is maintained in nature in a 
mosquito–bird–mosquito transmis-
sion cycle. WNV has been detected 
in many regions worldwide, includ-
ing North America, Europe, Africa, 
the Near East, and Asia (1). WNV 
has been shown to cause meningoen-
cephalitis in humans and horses. In 
the United States, seroconversion in 
dogs was detected 6 weeks before a 
human case was reported (2). Thus, 
dogs could be considered as sentinels 
for WNV infection, but their role as 
reservoir is unlikely because of short-
term and low levels of viremia (3). 
In this study, we determined the se-
roprevalence of WNV in dogs living 
close to humans in different environ-
ments to assess their role as sentinels 
of this potentially severe zoonosis.

During 2003–2012, blood sam-
ples were collected from 753 adult 
dogs from France and 6 countries in 
Africa (Table). Samples were cen-
trifuged within 24 h after collection, 
separated, frozen at –20°C, and sent 
to the virology laboratory of the In-
stitut de Recherche Biomédicale des 
Armées (Marseille, France). Each 
sample was systematically tested for 
IgG against WNV by using an in-
house ELISA with inactivated WNV 
as antigen. Serum samples were con-
sidered positive if the optical density 
at 450 nm was >3-fold the mean of 
that for negative antigen. Because of 
the antigenic cross-reactivity among 
flaviviruses, all positive samples were 
further tested by Western blot for 
WNV-specific antibodies (4); serop-
revalence was calculated on the basis 
of Western blot–confirmed cases only. 
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For the statistical analysis, we used 
the exact binomial method to calculate 
95% CIs of the proportions  and the 
Fisher exact test to calculate p values 
and compare the seroprevalence rates 
between countries; significance was 
set at p<0.05.

Seropositive dogs were found in 
all portions of Africa and France sur-
veyed except northeastern Gabon and 
Corsica (Table). Seroprevalence of 
WNV in native dogs was significant-
ly higher in Chad than in the Demo-
cratic Republic of the Congo (DRC) 
(p<0.001), Senegal (p<0.00001), 
Côte d’Ivoire (p<0.000001), and Ga-
bon (p<0.000001). Seroprevalence 
was low in Kinshasa, DRC (12.5%), 
and Dakar, Senegal (11.1%), but 
in N’Djamena, Chad, all 5 native  
dogs tested had specific antibodies 
against WNV. 

As part of the study, we tested 50 
military dogs from France twice, be-
fore and after a 4-month mission in 
Chad; 12 (24.0%) became seroposi-
tive after the stay. In addition, 12.5% 
of military working dogs in France 
imported from Hungary were seropos-
itive on initial testing. We also found 
that, in France, dogs are the sentinels 
of WNV circulation in the Var (12.0%) 
and Gard (9.1%) departments. All 
dogs we tested that were positive for 

IgG were negative for IgM, a finding 
that indicates infection by the virus 
did not occur recently.

The results and the statistical 
analysis reveal notable differences in 
the seroprevalence rates, according 
to the geographic area. N’Djamena, 
Chad, where all native dogs tested 
positive for WNV, is located at the 
confluence of the Chari and Logone 
Rivers and is an area with high densi-
ties of residential and migratory birds. 
In contrast, the northeastern region 
(Haut-Ogooué) of Gabon, where no 
native dogs tested positive for WNV, 
is an ecosystem of wet forests without 
migratory birds, unfavorable to virus 
circulation. In Dakar, 18.7% of na-
tive dogs were seropositive. In these 
central parts of Senegal, character-
ized by a semi-arid climate and veg-
etation composed of steppe plants and 
bluegrass, several WNV strains have 
been isolated from birds and mosqui-
toes. The seroprevalence was lower 
(0%–12.5%) in the sub-Saharan area, 
including Côte d’Ivoire, Gabon, DRC, 
and Senegal (Siné-Saloum and Casa-
mance), where the humid or semihu-
mid climate is linked with tropical rain 
forests or woodland savannah known 
to favor sedentary birds (5).

In a large proportion of the hu-
man and animal population of Africa, 

immunity to WNV has developed 
(1). A serologic survey of dogs from 
the Highveld region of South Africa 
showed that 37% (138/377) had neu-
tralizing antibodies against WNV (6). 
Similarly, seroprevalence of antibod-
ies against WNV is high among dogs 
in the United States, for example, 
55.9% (218/390) in the Gulf Coast 
region (7). In Turkey, an area where 
many birds stop over during migra-
tion, seroprevalence among dogs was 
high (37.7%, 43/114) (8).

Our study highlights the role of 
dogs as sentinels for WNV circula-
tion, particularly in southeastern 
France (Gard and Var departments), 
where WNV epidemics and epizo-
otics occurred in 2000 and 2003. In 
addition, we observed that military 
working dogs purchased from Hun-
gary, where WNV infection is com-
mon (9), may be seropositive. Sero-
conversion in dogs returning from 
short missions in WNV-endemic 
countries such as Chad was also ob-
served. Therefore, our data empha-
size the usefulness and convenience 
of WNV seroprevalence surveys in 
dogs for studying WNV epidemiol-
ogy and circulation. It is possible that 
dogs living close to humans could 
attract infected mosquitoes, thereby 
reducing human infection.
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Table.	Prevalence	of	West	Nile	virus	antibodies	in	dog	populations,	France	and	Africa,	2003–2012 

Country	and	area 
No.	dogs,	
N =	753 

No.	positive	for	IgG	
by	ELISA 

No.	results	confirmed	
by	Western	blot Prevalence,	%	(95%	CI) 

France     
 Corsica 35* 3 0 0	(0–10) 
 Var 25* 3 3 12.0	(2.5–31.2) 
 Gard 11* 1 1 9.1	(0.2–41.3) 
 Imported	from     
  Germany/the	Netherlands 9* 0 0 0	(0–33.6) 
  Hungary 24* 6 3 12.5	(2.7–32.4) 
Djibouti 47* 8 6 12.8	(4.8–25.7) 
N'Djamena,	Chad 50* 13 12 24.0	(13.1–38.2) 
 5 5 5 100.0	(47.8–100.0) 
Senegal     
 Dakar 11* 0 0 0	(0–28.5) 
 16† 3 3 18.7	(4.1–45.6) 
 Siné-Saloum 33 6 1 3.0	(0.1–15.8) 
 Casamance 81 3 3 3.7	(0.8–10.4) 
Abidjan, Côte d’Ivoire 137 7 3 2.2	(0.5–6.3) 
Kinshasa,	Democratic	Republic	of	the	Congo 24 4 3 12.5 (2.7–32.4) 
Haut-Ogooué,	Gabon 245 0 0 0	(0–1.5) 
*French	military	working	dogs. 
†Senegalese gendarmerie working dogs. 
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Severe Encephalitis 
Caused by Toscana 

Virus, Greece

To the Editor: In late June 2012, 
a previously healthy, 49-year-old 
woman was admitted to the emergen-
cy department of Trikala General Hos-
pital in Trikala, Greece, with confu-
sion and delirium. A few hours before 
admission, she had had a grand mal 
seizure; she had experienced gastroen-
teritis with fever (38°C) 5 days earlier. 
On admission, she was intubated and 
transferred to the intensive care unit, 
where she underwent mechanical ven-
tilation and sedation. 

The patient was a resident of 
Genesi village (350 m altitude), 22 
km west of Trikala in the Thessaly 
region. She had not traveled abroad 
or to other area of Greece. Results 
of blood and cerebrospinal fluid 
(CSF) laboratory testing were unre-
markable except slight leukocytosis 
(leukocytes 11,330 cells/mm3, 92% 
neutrophils) and slightly elevated se-
rum lactate dehydrogenase level (240 
U/L). Brain imaging showed edema 
(online Technical Appendix, http://
wwwnc.cdc.gov/EID/article/20/8/14-
0248-Techapp1.pdf), which resolved 
48 hours after admission. The pa-
tient was awakened on day 3 of hos-
pitalization and extubated on day 4. 
Treatment included anticonvulsants, 
mannitol, antimicrobial drugs (van-
comycin and ceftriaxone), acyclovir, 
and corticosteroids. The patient fully 
recovered and was discharged from 
the hospital on day 12 with short-
term antiepileptic medication.

Because West Nile virus (WNV) 
infections emerged in 2010 in Greece 
and outbreaks have recurred (1), 
serum and CSF samples from the 
patient were sent for testing to the 
National Reference Centre for Ar-
boviruses. Antibodies against WNV 
were not detected. Reverse transcrip-
tion nested PCR was conducted by 
using generic primers for flaviviruses,  
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enteroviruses, and phleboviruses. PCR 
for phleboviruses (2) resulted in a 
PCR product of the expected size, 
and the sequence was most closely 
related to those of isolates belong-
ing to the Sandfly fever Naples vi-
rus (SFNV) species (Figure). The 
sequence also had the highest ho-
mology (85%) with a Toscana virus 
(TOSV) strain belonging to lineage C 
that had been obtained from a patient 
with central nervous system infection 
in Croatia in 2008 (3). The TOSV 
sequence derived from the patient in 
this report was submitted to GenBank 
(accession no. KJ418710). On the ba-
sis of a partial sequence comparison 
(202 nt in the polymerase gene), we 
found that TOSV lineage C differs 
from lineages A and B by 29% and 
30%, respectively.

Forty-one days after symptom on-
set, a second serum sample was taken 
from the patient and tested in parallel 
with the first serum sample by indirect 
immunofluorescence to detect IgM 
and IgG antibodies against 4 phlebo-
viruses: TOSV, SFNV, sandfly fever 
Sicilian virus (SFSV), and Cyprus 
virus (Sandfly Fever Virus Mosaic 1; 
Euroimmun, Lübeck, Germany). The 
first sample yielded negative results, 

but the follow-up sample showed IgM 
and IgG against TOSV and SFNV 
(both belonging to SFNV serocom-
plex). Neutralization testing to differ-
entiate TOSV and SFNV was not per-
formed because PCR and sequencing 
confirmed the TOSV infection.

Sandfly-borne phleboviruses 
(family Bunyaviridae) are endemic 
in Mediterranean countries, and at 
least 3 serotypes are associated with 
disease in humans: TOSV, SFNV, 
and SFSV. Among these, TOSV is as-
sociated with neurotropism, a major 
cause of meningitis and encephalitis 
in the Mediterranean region (4). Re-
cent studies in Greece showed that 
the seroprevalence of TOSV (and 
antigenically related viruses) ranges 
from 0% to 60%; the higher levels are 
found in the islands and the coastal 
regions (5–7).

A study conducted in 2 Greek is-
lands (Lefkas and Corfu, where Corfu 
virus was isolated) showed that the 
sandfly species with the widest dis-
tribution was Phlebotomus neglec-
tus (31.2%), followed by P. similis 
(25.1%) and P. tobbi (15.3%) (8). In 
Thessaly region, where the case we 
report occurred, a faunistic study of 
sandflies showed that P. perfiliewi and 

P. papatasi (known vectors of TOSV) 
accounted for 83.4% and 3.93%, re-
spectively, of the sandflies collected 
(9). Another phlebovirus, Adria virus 
(belonging to the Salehabad serocom-
plex), which was initially detected in 
sandflies collected in Albania, was de-
tected in a febrile child with seizure in 
Thessaloniki in northern Greece (10). 
Concerning TOSV, however, although 
seroconversion has been previously 
observed in patients in Greece, RNA 
has not been detected.

For this patient, TOSV was de-
tected by using phlebovirus generic 
primers. The TOSV sequence found 
in Greece differs greatly from other 
TOSV sequences, even from the ge-
netically closer Croatian TOSV se-
quence (15%). To avoid false-nega-
tive results, the high genetic diversity 
among TOSV strains must be taken 
into consideration when using TOSV-
specific primers.

In conclusion, a novel variant of 
TOSV has been detected in Greece. 
Further studies are needed to obtain 
a whole-genome sequence of the 
Greek TOSV strain and to identify 
the vector(s) of the virus. TOSV is a 
highly variable neurotropic phlebo-
virus, a characteristic that must be 
taken into account by laboratory sci-
entists. Clinicians should be aware 
of the possibility of phlebovirus in-
fections in Mediterranean countries 
and should include these viruses in 
the differential diagnosis of febrile 
illnesses observed during the warm 
seasons, especially in patients who 
exhibit neurologic symptoms.

The National Reference Centre for 
Arboviruses and Hemorrhagic Fever vi-
ruses in Thessaloniki, Greece, is finan-
cially supported by the Hellenic Center for 
Disease Control and Prevention.

Anna Papa, Theoniki Paraforou, 
Ioannis Papakonstantinou, 

Kiriaki Pagdatoglou,  
Anastasia Kontana, and 
Triantafilia Koukoubani 

Figure. Neighboring-joining tree constructed on the basis of a 202-bp fragment of the large 
RNA segment of sandfly-borne phleboviruses. Black circle indicates Toscana virus strain 
detected in this study in a patient in Greece; asterisks (*) indicate phleboviruses detected in 
Greece. The percentages of replicate trees in which the associated taxa clustered together 
in the bootstrap test (1,000 replicates) are shown next to the branches. Evolutionary 
analyses were conducted in MEGA5 (http://www.megasoftware.net). Scale bar indicates 
substitutions per nucleotide position.
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Phylogenetic  
Analysis of  

West Nile Virus  
Genome, Iran

To the Editor: West Nile virus 
(WNV) is a single-stranded, positive-
sense RNA virus (≈11 kb) that is taxo-
nomically classified within the family 
Flaviviridae, genus Flavivirus. WNV 
is found in Africa, Eurasia, Australia, 
and North America (1).

Comprehensive studies on phy-
logenetic relatedness of WNV strains 
have showed that WNV can be 
grouped into 5 lineages. Lineage 1 
contains WNV strains from different 
regions, including northern, west-
ern, and central Africa; southern and 
eastern Europe; India; and the Middle 
East. Lineage 1 is subdivided into 3 
clades. Clade 1A contains strains from 
Europe, northern Africa, the United 
States, and Israel, clade 1B contains 
Kunjin virus from Australia.  Lineage 
2 contains isolates from west, central, 
and eastern Africa and Madagascar. 
There is evidence that lineage 2 cir-
culates in some regions of Europe 
(e.g., Italy, Austria, and Greece) (2,3). 
Lineage 3 contains Rabensburg virus 
97–103, which was isolated in 1997 
from Culex pipiens mosquitoes in 
South Moravia in the Czech Repub-
lic. Lineage 4 contains a new variant 
of WNV (strain LEIVKrnd88–190), 
which was isolated in 1998 from Der-
macentor marginatus ticks in a valley 
in the northwestern Caucasus Moun-
tains of Russia. Lineage 5 contains 
an WNV isolate from India (strain 

804994) (4,5). In this study, we com-
pared the phylogenetic relationships 
of WNV circulating in Iran to other 
WNV strains by using a partial WNV 
sequence isolated from an Iranian pa-
tient.

WNV was obtained from a blood 
sample from an Iranian patient who 
had encephalitis and was hospital-
ized in 2009 in Isfahan in the central 
highlands of Iran. The patient reported 
no history of animal contact, insect 
bites, blood transfusions, transplanta-
tions, and travel. He exhibited fever, 
headache, hypertension, and vomit-
ing. On initial examination, he had a 
body temperature of 40°C. Laboratory 
investigations on the day of admission 
showed a leukocyte count of 240 cells/
mL, a protein level of 52 mg/dL, and 
a glucose level of 50 mg/dL in a cere-
brospinal fluid sample.

Further examinations were un-
dertaken, and samples were sent to 
the Arboviruses and Viral Hemor-
rhagic Fevers Laboratory at Pasteur 
Institute of Iran in Teheran. For an 
IgG ELISA, wells in test plates were 
coated overnight with mouse hyper-
immune ascitic fluid. Native antigen 
was added, and wells were incubated 
and washed. Test samples and per-
oxidase-labeled anti-human or anti-
animal immunoglobulin were added. 
After incubation for 10 min, optical 
densities were read (6).

Viral RNA was extracted by using 
the QIAmp Viral RNA Mini Kit (QIA-
GEN, Hilden, Germany) from serum 
of the patient. A reverse transcription 
PCR was conducted by using a One-
Step RT-PCR Kit (QIAGEN). Sam-
ples were subjected to 1 cycle at 50°C 
for 30 min to synthesize cDNA; 95°C 
for 15 min; and 95°C for 30 s, 54°C 
for 30 s, and 72°C for 60 s; and a final 
extension at 72°C for 5 min (6). The 
serum sample was positive for IgG 
against WNV. Molecular tests showed 
positive results for WNV.

The PCR product was sequenced 
by using the Big Dye Terminator 
V3.1 Cycle Sequencing Kit (Applied  
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Biosystems, Foster City, CA, USA), 
the modified Sanger sequencing meth-
od, and an ABI Genetic Analyzer 3130 
(Applied Biosystems) (7). Multiple 
alignments of nucleotide sequences 
were made by using ClustalW (http://
www.clustal.org/). A phylogenetic 
tree was constructed by using 27 rep-
resentative sequences of WNV and 
Japanese encephalitis virus (available 
in GenBank) and a 358-nt sequence 
of WNV (GenBank accession no. 
KJ486150), from the patient, which 
corresponds to nt 259–616 in the late 
region of the capsid gene and the early 
region of the membrane gene. Phylo-
genetic status of the sequence for the 
WNV strain from the patient was as-
sessed by using the neighbor-joining 
algorithm in MEGA5 (8). Reliability 
of phylogenetic groupings was evalu-
ated by using the bootstrap test (1,000 
replications). Japanese encephalitis 
virus SA14 sequence was used as an 
outgroup in phylogenetic analysis of 
partial genome sequences (8).

The phylogenetic tree identified 
clustering of isolates in 5 lineages. 
Lineage 1 had 2 sublineage (clade 
1A and clade 1B). All sequences in 
lineage 1 were geographically distin-
guishable. Clade 1A contained strains 
from Europe, Africa, the Middle East, 
and the United States; clade 1B in-
cluded the Australian strain NSW 
2011 (JN887352). The WNV se-
quence from Iran (KJ486150) was 
grouped into lineage 2 and had 99% 
identity with the 358-bp region of 
WNV strain ArB3573/82 from the 
Central African Republic. Although it 
was believed that lineage 2 strains cir-
culate only in Africa, reports of their 
emergence primarily in Balkan coun-
tries (9) and in our study support the 
presence of a lineage WNV 2 strain in 
the Middle East, particularly in west-
ern Asia (Figure).

Although the patient did not re-
port any mosquito bites, this infection 
route cannot be excluded because he 
was a farmer and spent most of his 
time outdoors. Previous studies have 

demonstrated that nearly all human 
WNV infections were a consequence 
of mosquito bites (10). Our study 
should increase awareness of WNV 
infections as a public health threat. 
In future studies, priority should be 
given to investigations of the ecolo-
gy, occurrence, and epidemiology of 
the different WNV strains circulating 
in Iran.
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Human Infection 
with West Nile  
Virus, Xinjiang,  

China, 2011
To the Editor: West Nile virus 

(WNV) is a mosquito-borne flavivirus 
in the Japanese encephalitis serocom-
plex of the family Flaviviridae (1). It 
has been reported in Africa, Asia, Eu-
rope, Australia, and North America, 
and is recognized as the most globally 
widespread mosquito-borne flavivirus 
(2). Isolation of WNV has previously 
been attempted in China, Japan and 
South Korea; however, no virus has 
been isolated (3–5). We report isolation 
of WNVs from mosquitoes in Xinjiang 
Uyghur Autonomous Region in west-
ern China. We also provide evidence 
of WNV human infections confirmed 
by IgM ELISA and seroconversion by 
90% plaque reduction neutralization 
tests of paired serum samples obtained 
from persons with febrile illness and 
viral encephalitis in 2011.

Arbovirus surveillance was per-
formed in the Kashi Region, Xinjiang, 
China, in August 2011. Mosquitoes 
were captured by using light traps and 
gravid traps for 15 days (days 1–5, 11–
15, and 21–25) at 9 collection sites in 9 
villages in 2 townships. A total of 7,122 
mosquitoes, representing 3 genera and 
7 species in 118 pools, were tested. 
Mosquitoes collected were Culex pipi-
ens pipiens (65.0%, 4,629/7,122), Ae-
des flavidorsalis (24.1%, 1,717/7,122), 
Ae. caspius (10.1%, 716/7,122), and 
other Aedes and Culex species (0.8%, 
40/7,122) mosquitoes.

Mosquitoes were homogenized, 
and viral RNA was extracted directly 
from mosquito pools and amplified 
by using PCR and primers specific 
for WNV envelope (E) and nonstruc-
tural protein 5 genes as described 
(6). A total of 12 pools of Cx. p. 
pipiens mosquitoes were positive for  
WNV, which was confirmed by 
nucleotide sequencing. The mini-
mum infection rate for Cx. p. pipiens  

mosquitoes was 2.56 infections/1,000 
specimens tested.

In addition, supernatants of the 12 
WNV-positive mosquito pools were 
inoculated onto Vero cells. Five pools 
yielded 5 virus isolates designated 
XJ11129–3, XJ11138–6, XJ11141–4, 
XJ11146–4, and XJ11148–2. The Vero 
cells aggregated and began shedding 
virus by 72 h postinfection.

Phylogenetic comparisons of 
complete nucleotide sequences of E 
gene from the 5 Xinjiang isolates (Fig-
ure, panel A) showed a high degree 
of genetic identity of lineage 1 with 
other highly pathogenic WNV strains, 
such as WNV NY99 and isolates from 
Russia. Nucleotide and amino acid se-
quences showed ≥99% identity with 
isolates from Russia (1999–2004) (7).

The complete nucleotide sequence 
of XJ11129–3 contained 11,029 nt, 
and the phylogenetic tree of the nu-
cleotide coding region showed similar 
topology with the E gene tree (Figure, 
panel B). Nucleotide sequences of E 
genes from XJ11138–6, XJ11141–4, 
XJ11146–4, and XJ11148–2 and 
the complete genome sequence of 
XJ11129–3 were submitted to Gen-
Bank under accession nos. JX442280, 
JX442281, JX442282, JX442278, and 
JX442279, respectively.

To determine whether humans 
were infected with WNV, we obtained 
acute-phase serum samples within 1–7 
days of onset of illness from persons 
visiting an outpatient clinic in Kashi 
during June 11–August 25, 2011. All 
patients had fever (37°C–39°C) or vi-
ral encephalitis with or without symp-
toms of encephalitis. Serum samples 
were obtained from 254 patients with 
fever of unknown origin and 9 patients 
with encephalitis.

All acute-phase serum samples 
were initially screened for IgM against 
WNV (WNV IgM Capture DxSelect; 
Focus Diagnostics Inc., Cypress, CA, 
USA) and against Japanese encepha-
litis virus (JEV) (JEV IgM Capture 
ELISA Kit; Panbio, Sinnamon Park, 
Queensland, Australia). A total of 38 
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patients (2 with viral encephalitis and 
36 with fever of unknown etiology) 
had IgM against WNV. All samples 
were negative for WNV and JEV RNA.

A total of 23/38 patients positive 
for IgM against WNV provided con-
valescent-phase serum samples (ob-
tained 18–83 days after acute-phase 
serum samples were obtained). All 23 

paired serum samples were tested by 
using a 90% plaque reduction neu-
tralization test and the XJ11029–3 
strain of WNV and the P3 strain of 
JEV. Of these 23 serum samples, 
11 had a 4-fold increase in titer of 
WNV-neutralizing antibody; neu-
tralizing antibody against JEV was  
not detected.

Among the 11 patients who 
showed seroconversion, 9 had neu-
tralization antibodies against WNV 
(titers 1:10 for acute-phase samples 
and 1:40 for convalescent-phase 
samples). One patient with encephali-
tis had a WNV antibody titer of 1:10 
for an acute-phase sample and 1:160 
for a convalescent-phase sample. An-
other patient with encephalitis had a 
WNV antibody titer of 1:640 for an 
acute-phase sample and of 1:5,120 
for a convalescent-phase sample. All 
11 case-patients were reported during 
July 28–August 23, 2011.

This study and other reports of 
fever and human encephalitis caused 
by WNV in Xinjiang, China, in 2004 
(8,9) suggest that infections with 
WNV might be greatly underesti-
mated. In addition, although JEV is 
present in this region and WNV has 
not been isolated in China, some pa-
tients might have been given misdiag-
noses of infection with JEV because 
of cross-reactivity between these 2 vi-
ruses (10). Therefore, nationwide sur-
veillance programs for WNV in China 
are needed.
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Figure. Phylogenetic analyses of A) envelope gene nucleotide sequence from 5 West 
Nile virus isolates (black triangles) from Xianjiang, Uyghur Autonomous Region, China, 
2011, and B) nucleotide sequence of complete coding region of 1 isolate from Xinjiang 
(XJ11129–3). Trees were constructed by using MEGA 5.05 (http://www.megasoftware.net/) 
and maximum-likelihood with Kimura 2-parameter model parameter distances. Bootstrap 
values along branches are for 1,000 replicates. Trees were rooted by using Japanese 
encephalitis virus (JEV) as the outgroup virus. USA, United States. Scale bars indicate 
nucleotide substitutions per site.
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Chikungunya in 
the Caribbean as 
Threat to Europe

To the Editor: The first evidence 
of chikungunya virus in the Western 
Hemisphere was its detection in De-
cember 2013 in the French West In-
dies (1). One month later, the virus 
spread to other Caribbean islands.

Two cases of chikungunya in sib-
lings (an 8-year old girl and a 10-year 
old boy) were recently identified at 
Toulouse University Hospital in south-
western France. Two days after these 
children had returned to France from 
the island of Martinique (French West 
Indies), acute fever associated with an 
arthromyalgic syndrome developed 
in these children. The children had 
maculopapular, nonpruriginous rashes 
on their arms and legs and endobuccal 
petechiae. The boy had bilateral knee 
effusions, and the girl had a measles-
like rash that became more extended. 
Both children also had many mosquito 
bites that they scratched. They were 
discharged on the day of their admis-
sion. These 2 cases reported in metro-
politan France after the patients vis-
ited Martinique indicate rapid spread 
of chikungunya virus.

We identified the virus by se-
quencing a 205-nt fragment within 
the envelope protein E1 gene of chi-
kungunya virus (2) and performing 
phylogenetic analyses on the basis of 
reference sequences. This virus was 
a strain from Asia (Figure), whereas 
virus detected in 2 children in south-
eastern France in September 2010 had 
been imported from Rajasthan, India, 
and was an East/Central/South Africa 
strain (3). All of these strains did not 
show the single amino acid substitu-
tion in the envelope protein gene (E1-
A226V) that favors adaptation for 
dissemination by Aedes albopictus 
mosquitoes (4) and would affect the 
potential magnitude of this outbreak.

Ae. aegypti mosquitoes are com-
mon in the Western Hemisphere, 
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where they are the major vector of 
urban dengue and yellow fever, and 
will facilitate spread of chikungunya 
in this region. Ae. albopictus (Asian 
tiger mosquito) is also an efficient 
vector of chikungunya virus and is 
found in many areas, including south-
ern Europe. This mosquito species 
was responsible for the extensive chi-
kungunya outbreak on  La Réunion Is-
land  in the Indian Ocean (5) and was 
involved in the first chikungunya out-
break in Italy in 2007 (6). In these 2 
outbreaks, human and mosquito virus 
strains contained mutation A226V in 
the envelope protein gene.

Ae. albopictus mosquitoes became 
established in a large area (91,150 km2) 
of southern France in 2013, where ≈13 
million persons live. This mosquito, 
which is highly efficient in transmitting 
chikungunya virus (7), has been pres-
ent in the study area for 2 years. For 
these reasons, a chikungunya/dengue 
national control program for continen-
tal France was established in 2006. The 
program involves rapid virologic diag-
nosis of imported or suspected autoch-
thonous cases and vector control mea-
sures. This program operates during 
May–November, the period when Ae. 

albopictus mosquitoes circulate, and 
is based on entomologic surveillance 
data. The area covered by the program 
in 2013 was >10 times larger than that 
covered in 2006.

The presence of an effective vec-
tor, its progressive spread, and the out-
break of chikungunya in the Western 
Hemisphere increase concerns of a 
chikungunya outbreak in Europe (8). 
The greatest challenge is to find a way 
of interrupting the transmission chain 
of the virus as soon as possible. This 
challenge requires an effective policy 
of informing travelers at risk, early 
screening based on rapid virologic 
diagnosis, and effective vector con-
trol. Such control measures need an 
educated population to ensure empty-
ing standing water from flowerpots, 
gutters, buckets, pool covers, pet wa-
ter dishes, and discarded tires. They 
also need global antivector measures 
(eradication of eggs, larvae, and adults 
of Aedes spp. mosquitoes).

These measures must be ex-
tremely efficient because an out-
break of chikungunya in the Western 
Hemisphere could spread rapidly. 
All countries in southern Europe are 
concerned by this public health  

challenge, and the battle against chi-
kungunya requires rapid establish-
ment of a supranational organiza-
tion that should be able in real time 
to collect and return epidemiologic, 
virologic, and entomologic data. Al-
though the usual movements of tour-
ists around southern Europe during 
the summer will increase the num-
ber of persons at risk in this area, an 
even greater threat is the internation-
al movement of >600,000 persons 
expected to attend the next Soccer 
World Cup in Brazil in 2014 (9).
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article Novel Phlebovirus with 
Zoonotic Potential Isolated 
from Ticks, Australia (J. Wang 
et al.), Anaplasma phagocyto-
philum should be replaced by 
Haemaphysalis longicornis. The 
article has been corrected online 
(http://wwwnc.cdc.gov/eid/
article/20/6/14-0003_intro.htm).



IN MEMORIAM

Robert Kissling, a pillar of US Center for Disease Con-
trol (CDC) infectious diseases programs through an 

era of great programmatic and institutional growth (1947–
1973), died November 13, 2013 at his home in North Caro-
lina. Through his years at CDC, Bob led investigations of 
great diversity and impact, always with the same sense of 
openness, integrity, composure, and respect for everyone 
involved.

The fondest of memories return; they remind the au-
thors, his colleagues, and friends that it was with this at-
titude that the viral disease programs of CDC were estab-
lished and have been maintained through the years. Bob, as 
an eminent virologist and a leader of CDC’s viral disease 
programs, left a permanent legacy.

Born in Toledo, Ohio, Bob attended Otterbein College, 
was awarded a DVM and an MSc from the College of Vet-
erinary Medicine, Ohio State University, and then spent a 
year at the graduate school of the University of Califor-
nia at Davis. In 1947, the year after CDC was founded, he 
joined the US Public Health Service and began a long and 
distinguished career with CDC, then known as the Com-
municable Disease Center.

The 1950s was a period of great progress in field and 
laboratory research in virology and at CDC’s Virus and 
Rickettsia Section in Montgomery, Alabama. Bob began 
collaborative studies of the natural history, epidemiology, 
and pathogenesis of vectorborne viral encephalitides and 
began a career-long interest in rabies research; CDC de-
veloped an outstanding reputation in these areas, not the 

least because of Bob’s contributions. While in Montgom-
ery, Bob married Martha Eidson, his laboratory technician, 
and they had 3 children.

In 1958, Bob and guest researcher Robert Goldwas-
ser succeeded in adapting the then-new immunofluores-
cence methodology to detect rabies viral antigen in brain 
specimens of animals suspected of being rabid (1). Field 
trials provided proof of its 100% sensitivity, specificity, 
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and reliability. The assay became the first “rapid” viral 
diagnostic test, with results reported quickly enough to 
guide postexposure treatment. Remarkably, this is now 
the oldest rapid viral diagnostic test in use, and it remains 
the national and World Health Organization international 
standard assay. Bob’s interest in rabies continued after the 
Virus and Rickettsia Section was moved into CDC’s new 
facility in Atlanta, Georgia, in 1960. He was the first per-
son to amplify rabies virus in modern cell culture systems; 
one of his cell culture–adapted virus strains was later used 
to produce the most popular human rabies vaccine in the 
United States.

In the new laboratory facilities in Atlanta, CDC’s 
viral and rickettsial disease programs flourished, as did 
Bob’s role as scientist and leader. As was the way in the 
1960s and 1970s, virologists such as Bob were quite broad 
in their outlook and expertise. He and his colleagues 
worked on rabies, borreliosis, Chagas disease, psittacosis, 
and more, with a major emphasis on the natural history 
of arbovirus diseases. With his colleagues, Bob did the 
original field and laboratory research on eastern equine 
encephalitis virus, unraveling its complex transmission 
cycle in birds and mosquitoes.

As the years went by, Bob took on ever-increasing 
administrative responsibilities at CDC, serving as chief of 
various CDC organizational units: Veterinary Research, 
Viropathology, and Hepatitis Activities. From 1968 un-
til 1973, he was chief of the Virus and Rickettsial Dis-
ease Section, Bureau of Laboratories. This period saw 
the emergence of several important new viral diseases (or 
of diseases at first thought to have a viral etiology) and 
the emergence of increasingly sophisticated approaches 
to virus research, virus detection and identification, and 
the means to guide CDC’s mission of disease prevention  
and control. Two new diseases are exemplary of the im-
portance of his work, Marburg hemorrhagic fever and 
Lassa fever.

In 1967, cases of hemorrhagic fever occurred among 
laboratory workers in Germany and Yugoslavia who were 
processing kidneys for cell culture; the kidneys were from 
African green monkeys that had been imported from Ugan-
da. A new virus, Marburg virus, was isolated from patients 
and monkeys, first in Germany but shortly thereafter at 
CDC. From the beginning, it was realized CDC must have 
the capacity to deal with this virus and that Marburg virus 
was dangerous, calling for the best biocontainment of the 
day. CDC borrowed a mobile containment laboratory from 
the National Institutes of Health; the containment level 
provided was about what would be called Biosafety Level 
2+ today. The work was led by Bob (2); the main safety 
feature was that only 2 other people would be at risk, Ro-
slyn Robinson and Fred Murphy, each experienced in safe 

practices for working with dangerous pathogens. The virus 
was obtained and used to develop diagnostic reagents and 
for morphologic, pathologic, and ultrastructural pathologic 
studies. A serologic test was developed and used to try to 
discern the source of the virus in Uganda. Bob uniquely 
foresaw the role that CDC had to play in this new field of 
exotic, dangerous pathogens, a field that would continue to 
grow in following years.

As understood clearly by Bob, the Marburg virus epi-
sode had to be the impetus for the development of perma-
nent biocontainment facilities at CDC. A glove port cabinet 
line laboratory was constructed, which opened in 1968. 
Completion of the laboratory coincided with the emergence 
of Lassa fever in West Africa. Early work on Lassa virus 
elsewhere was terminated after 1 person died and another 
nearly died; all virus stocks were sent to CDC. Under Bob’s 
leadership, Tom Monath and others set to work to develop 
diagnostic systems and uncover the natural history and res-
ervoir host of Lassa virus (3). Work expanded from an em-
phasis on diagnostics to the pathogenesis of several viral 
hemorrhagic fevers. All this activity put a great strain on 
the glove port laboratory, and soon Bob led long-gestating 
planning for a large higher containment laboratory. CDC’s 
present leadership role, globally, in dealing with dangerous 
pathogens stems from Bob’s initial vision.

Retiring to a farm north of Atlanta in 1973, Bob and 
Martha were at last able to bird-watch, farm a bit, and en-
joy the wildflowers. Martha died in 1999 and Bob, whose 
health was declining, moved to North Carolina to enjoy his 
children, grandchildren, and great-grandchildren. A gentle-
man of common sense, practical sense, he was always po-
lite, always helpful, always willing to teach, and greatly 
respected by his peers. Bob Kissling was one of the giants 
of CDC.

Respectfully submitted on behalf of all CDC staff members 
from the era represented by the career of Bob Kissling. 
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Medical  
Entomology  
for Students,  
5th Edition

Mike Service
Cambridge University Press,  
New York, New York, USA; 2012
ISBN: 978-1107668188
Pages: 317; Price: US $58.00 
(paperback)

In the ever-changing field of medi-
cal entomology, Mike Service’s 

textbook, Medical Entomology for 
Students, is now in its fifth edition. 
The usefulness, adaptability, popu-
larity—and, therefore, longevity—of 
this textbook is remarkable among the 
large variety of books on the subject 
published during the past 20 years.

As in earlier editions, the book is 
concisely written to provide basic in-
formation about recognition, biology, 
and control methods of arthropods 

that affect human health—parasites, 
nuisance pests, and vectors of human 
diseases—without delving into too 
much detail and nuance. Almost two 
thirds of the volume is dedicated to 
medically important members of the 
order Diptera (true flies, mosquitoes, 
and sandflies), and separate sections 
are devoted to the biology, morphol-
ogy, and identification of individual 
mosquito genera. The remaining pag-
es are divided among dscussions of 
fleas, lice, bedbugs, triatomine bugs, 
cockroaches, mites, and argasid and 
ixodid ticks. Although such inequal-
ity in coverage seems prejudicial, it is 
partially justified by the relative epi-
demiologic importance of dipterans 
as vectors of arthropodborne diseases 
in humans.

This edition updates strategies for 
controlling insects, ticks, and mites. 
Extensive illustrations and color pho-
tographs may help readers recognize 
arthropods, such as mosquitoes, flies, 
and myiasis-producing larvae, and 

distinguish between soft and hard 
ticks. The book includes a glossary of 
entomologic and epidemiologic terms 
and a list of commonly used insecti-
cides and their trade names.

Although the book is aimed pri-
marily at students, it is also suitable 
as a general introduction into medical 
entomology for practicing physicians, 
nurses, public health officials, epide-
miologists, and pest control profes-
sionals. The book also is valuable to 
anyone interested in learning basic in-
formation about the diversity and biol-
ogy of medically important arthropods 
and ways of controlling them.
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James Abbott McNeill Whistler was born in Lowell, Mas-
sachusetts, on July 11, 1834. When he was 9 years of 

age, his family moved to St. Petersburg, Russia, and there 
he studied drawing at the Imperial Academy of Science.

He later attended the United States Military Academy 
at West Point for 3 years, where he excelled in drawing 
classes. Because Whistler proved more adept at accumu-
lating 218 demerits than at completing course work or 
complying with the disciplinary code, West Point Superin-
tendent Colonel Robert E. Lee was obliged to dismiss the 
young cadet from the academy in 1854.

After a short unhappy stint as a draftsman, Whistler 
briefly lived with the Winan family in Baltimore, Maryland, 
where, he “would also ruin all our best pencils, sketching 
not only on the paper, but also on the smoothly finished 
wooden backs of the drawing-boards. . . .” During the early 
1850s, he began experimenting with techniques, themes, 
and subjects. Art researcher Nancy Dorfman Pressly wrote,  
“Drawing less from his imagination, he began to look more 
carefully around him, catching a moment of unguarded be-
havior or simply the amusing attitudes of people in every-
day situations.”

In 1855, Whistler moved back to Europe where he be-
gan to establish himself as a painter in Paris and London. 
He completed more than 500 paintings not only in oils, but 
also in pastels and watercolors. Among the best known of 

Musings on Sketches, Artists, and Mosquito Nets
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his paintings are Nocturne: Blue and Gold – Old Battersea 
Bridge and Arrangement in Grey and Black No.1, com-
monly and mistakenly called Whistler’s Mother.

In addition to capturing everyday situations, Whistler 
became recognized for his portrait paintings, including one 
of Thomas Carlyle. He was celebrated for his etchings of 
family members, mistresses, and street scenes; some art 
historians suggest that the quality of his work matched that 
from the deft hand of Rembrandt.

Whistler was a leader in the Aesthetic Movement, writ-
ing and lecturing on the philosophy of “art for art’s sake.” 
His work later provided the inspiration for Oscar Wilde’s 
novel The Picture of Dorian Gray (1891). Whistler died on 
July 17, 1903.

During the last decades of the artist’s life, a number 
of great advances in understanding disease transmis-
sion occurred. In 1880, Charles Louis Alphonse Laver-
an, a French physician, identified the protozoan parasite  
that causes malaria. Seven years later, Ronald Ross  
and his team discovered the malaria protozoa in anoph-
eles mosquitoes.

Also around this time, in 1900, Walter Reed and a team 
of colleagues demonstrated that yellow fever was transmit-
ted by mosquitoes. On New Year’s Eve, in a letter to his 
wife, Reed wrote “[I]t has been permitted to me and my 
assistants to lift the impenetrable veil that has surrounded 
the causation of this most dreadful pest of humanity and to 
put it on a rational and scientific basis.”

In Man at Table beneath Mosquito Net, Whistler him-
self might be the subject of this black ink drawing, part of 
a collection of such drawings from 1854–55. Whistler cap-
tures the continued struggle of humans versus biting and 
stinging insects, including those that transmit vector-borne 
pathogens, from an intimate perspective.

Despite the mosquitoes teeming around him, the man 
is able to sketch intently and without worry, sheltered by 
the confines of his personal impenetrable veil. The flurry 
of cross-hatched, finely scrawled lines in these ephemera 
could be seen to mimic a mosquito’s flight path but this 
was simply a common technique that Whistler used in  
his sketches.

Mosquito nets, particularly bed nets or sleeping nets, 
have, in some shape and form, been used for thousands of 
years. Herodotus described how people living in marshes 
in ancient Egypt fished with nets during the day then slept 

under the same nets to repel insects. Today, pyrethroid-treat-
ed mosquito nets are used extensively in malaria-endemic 
countries in Africa, yielding life-saving returns for little cost.

Personal measures such as using insect repellent, cov-
ering exposed skin with clothing, and using mosquito nets 
also provide simple, cost-effective—albeit not foolproof— 
protection. Various antimalarial drugs help combat this 
problem, but none is 100% protective, and they may cause 
adverse effects. Neither method is perfect but both are es-
sential tools for preventing malaria.

The World Health Organization reported that in 2012, 
207 million cases of malaria occurred, causing an estimated 
627,000 deaths, mostly in children under 5 years of age. 
Today, another aspiring young artist working under his or 
her mosquito net may be sketching formative works that 
will someday inspire conversation and comment, and be a 
prelude of greater things to come, as did Whistler’s Man at 
Table beneath Mosquito Net.
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Announcements
To submit an announcement, send an email message to 
EIDEditor (eideditor@cdc.gov). Include the date of the 
event, the location, the sponsoring organization(s), and 
a website that readers may visit or a telephone number 
or email address that readers may   contact for more 
information.

Announcements may be posted on the journal Web 
page only, depending on the event date.
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Earning CME Credit
To obtain credit, you should first read the journal article. After reading the article, you should be able to answer the follow-
ing, related, multiple-choice questions. To complete the questions (with a minimum 75% passing score) and earn continuing 
medical education (CME) credit, please go to www.medscape.org/journal/eid. Credit cannot be obtained for tests completed 
on paper, although you may use the worksheet below to keep a record of your answers. You must be a registered user on 
Medscape.org. If you are not registered on Medscape.org, please click on the “Register” link on the right hand side of the 
website to register. Only one answer is correct for each question. Once you successfully answer all post-test questions you 
will be able to view and/or print your certificate. For questions regarding the content of this activity, contact the accredited 
provider, CME@medscape.net. For technical assistance, contact CME@webmd.net. American Medical Association’s Physi-
cian’s Recognition Award (AMA PRA) credits are accepted in the US as evidence of participation in CME activities. For fur-
ther information on this award, please refer to http://www.ama-assn.org/ama/pub/about-ama/awards/ama-physicians-recog-
nition-award.page. The AMA has determined that physicians not licensed in the US who participate in this CME activity are 
eligible for AMA PRA Category 1 Credits™. Through agreements that the AMA has made with agencies in some countries, 
AMA PRA credit may be acceptable as evidence of participation in CME activities. If you are not licensed in the US, please 
complete the questions online, print the certificate and present it to your national medical association for review.

Article Title
Leptospirosis-Associated Hospitalizations,  

United States, 1998–2009
CME Questions

Activity Evaluation

1. Which of the following statements is most accurate 
regarding the clinical presentation of leptospirosis?
A. 	 Infection invariably results in clinical disease
B. 	 Symptom onset can be biphasic in nature
C. 	 Most patients present with genitourinary tract 

symptoms 
D. 	 Nearly three-quarters of infected patients have  

severe disease

2. Which of the following statements regarding 
the epidemiology of leptospirosis-associated 
hospitalizations in the current study is most accurate?
A. 	 The average annual prevalence of leptospirosis-

associated hospitalizations was 0.6 cases per 1 
million persons for 1998–2009

B. 	 There was a steady increase in the prevalence of 
leptospirosis-associated hospitalizations between 
1998 and 2009

C. 	 Leptospirosis affected women and men approximately 
equally

D. 	 Children were disproportionately affected with 
leptospirosis compared with adults

3. Which season accounted for the greatest 
percentage of leptospirosis-associated 
hospitalizations in the current study?

A. 	 Spring
B. 	 Summer
C. 	 Fall 
D. 	 Winter

4. What does the current study conclude in comparing 
leptospirosis-associated hospitalizations vs non-
leptospirosis infectious disease hospitalizations 
during the study period?
A. 	 There was no difference in hospital stay data 

in comparing leptospirosis-associated vs. non-
leptospirosis infectious disease hospitalizations

B. 	 Leptospirosis-associated hospitalizations 
was associated with longer and more costly 
hospitalizations vs. non-leptospirosis infectious 
disease hospitalizations

C. 	 Non-leptospirosis infectious disease hospitalizations 
were associated with longer and more costly 
hospitalizations vs. leptospirosis-associated 
hospitalizations

D. 	 Although non-leptospirosis infectious disease 
hospitalizations were associated with longer 
lengths of stay compared with leptospirosis-
associated hospitalizations, leptospirosis-associated 
hospitalizations were associated with higher  
hospital charges

1. The activity supported the learning objectives. 
Strongly	Disagree Strongly	Agree	

1 2 3 4 5
2. The material was organized clearly for learning to occur.

Strongly	Disagree Strongly	Agree
1 2 3 4 5

3. The content learned from this activity will impact my practice.
Strongly	Disagree Strongly	Agree

1 2 3 4 5
4. The activity was presented objectively and free of commercial bias.

Strongly	Disagree Strongly	Agree
1 2 3 4 5
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Instructions to Authors
Manuscript Submission. To submit a manuscript, access Manuscript Central from 

the Emerging Infectious Diseases web page (www.cdc.gov/eid). Include a cover letter 
indicating the proposed category of the article (e.g., Research, Dispatch), verifying the 
word and reference counts, and confirming that the final manuscript has been seen and 
approved by all authors. Complete provided Authors Checklist. 

Manuscript Preparation. For word processing, use MS Word. Set the document 
to show continuous line numbers. List the following information in this order: title page, 
article summary line, keywords, abstract, text, acknowledgments, biographical sketch, 
references, tables, and figure legends. Appendix materials and figures should be in 
separate files. 

Title Page. Give complete information about each author (i.e., full name, graduate 
degree(s), affiliation, and the name of the institution in which the work was done). Clearly 
identify the corresponding author and provide that author’s mailing address (include 
phone number, fax number, and email address). Include separate word counts for ab-
stract and text. 

Keywords. Use terms as listed in the National Library of Medicine Medical  
Subject Headings index (www.ncbi.nlm.nih.gov/mesh).

Text. Double-space everything, including the title page, abstract, references, tables, 
and figure legends. Indent paragraphs; leave no extra space between paragraphs. After 
a period, leave only one space before beginning the next sentence. Use 12-point Times 
New Roman font and format with ragged right margins (left align). Italicize (rather than 
underline) scientific names when needed. 

Biographical Sketch. Include a short biographical sketch of the first author—both 
authors if only two. Include affiliations and the author’s primary research interests. 

References. Follow Uniform Requirements (www.icmje.org/index.html). Do not 
use endnotes for references. Place reference numbers in parentheses, not super-
scripts. Number citations in order of appearance (including in text, figures, and tables). 
Cite personal communications, unpublished data, and manuscripts in preparation or 
submitted for publication in parentheses in text. Consult List of Journals Indexed in 
Index Medicus for accepted journal abbreviations; if a journal is not listed, spell out 
the journal title. List the first six authors followed by “et al.” Do not cite references in 
the abstract.

Tables. Provide tables within the manuscript file, not as separate files. Use the MS 
Word table tool, no columns, tabs, spaces, or other programs. Footnote any use of bold-
face. Tables should be no wider than 17 cm. Condense or divide larger tables. Extensive 
tables may be made available online only.  

Figures.  Submit editable figures as separate files (e.g., Microsoft Excel, PowerPoint).  
Photographs should be submitted as high-resolution (600 dpi) .tif or .jpeg files. Do not 
embed figures in the manuscript file. Use Arial 10 pt. or 12 pt. font for lettering so that 
figures, symbols, lettering, and numbering can remain legible when reduced to print size. 
Place figure keys within the figure. Figure legends should be placed at the end of the 
manuscript file.

Videos. Submit as AVI, MOV, MPG, MPEG, or WMV. Videos should not exceed 5 
minutes and should include an audio description and complete captioning. If audio is 
not available, provide a description of the action in the video as a separate Word file. 
Published or copyrighted material (e.g., music) is discouraged and must be accompanied 
by written release. If video is part of a manuscript, files must be uploaded with manu-
script submission. When uploading, choose “Video” file. Include a brief video legend in 
the manuscript file.

Types of Articles
Perspectives. Articles should not exceed 3,500 words and 40 references. Use of 

subheadings in the main body of the text is recommended. Photographs and illustra-
tions are encouraged. Provide a short abstract (150 words), 1-sentence summary, and 
biographical sketch. Articles should provide insightful analysis and commentary about 
new and reemerging infectious diseases and related issues. Perspectives may address 
factors known to influence the emergence of diseases, including microbial adaptation and 
change, human demographics and behavior, technology and industry, economic devel-
opment and land use, international travel and commerce, and the breakdown of public 
health measures.  

Synopses. Articles should not exceed 3,500 words and 40 references. Use of sub-
headings in the main body of the text is recommended. Photographs and illustrations are 
encouraged. Provide a short abstract (150 words), 1-sentence summary, and biographical 
sketch. This section comprises concise reviews of infectious diseases or closely related 
topics. Preference is given to reviews of new and emerging diseases; however, timely 
updates of other diseases or topics are also welcome.  

Research. Articles should not exceed 3,500 words and 40 references. Use of sub-
headings in the main body of the text is recommended. Photographs and illustrations are 
encouraged. Provide a short abstract (150 words), 1-sentence summary, and biographical 
sketch. Report laboratory and epidemiologic results within a public health perspective. 
Explain the value of the research in public health terms and place the findings in a larger 
perspective (i.e., “Here is what we found, and here is what the findings mean”).

Policy and Historical Reviews. Articles should not exceed 3,500 words and 40 refer-
ences. Use of subheadings in the main body of the text is recommended. Photographs 
and illustrations are encouraged. Provide a short abstract (150 words), 1-sentence sum-
mary, and biographical sketch. Articles in this section include public health policy or his-
torical reports that are based on research and analysis of emerging disease issues.

Dispatches. Articles should be no more than 1,200 words and need not be divided 
into sections. If subheadings are used, they should be general, e.g., “The Study” and 
“Conclusions.” Provide a brief abstract (50 words); references (not to exceed 15); figures 
or illustrations (not to exceed 2); tables (not to exceed 2); and biographical sketch. Dis-
patches are updates on infectious disease trends and research that include descriptions 
of new methods for detecting, characterizing, or subtyping new or reemerging pathogens. 
Developments in antimicrobial drugs, vaccines, or infectious disease prevention or elimi-
nation programs are appropriate. Case reports are also welcome.

Another Dimension. Thoughtful essays, short stories, or poems on philosophical is-
sues related to science, medical practice, and human health. Topics may include science 
and the human condition, the unanticipated side of epidemic investigations, or how people 
perceive and cope with infection and illness. This section is intended to evoke compassion 
for human suffering and to expand the science reader’s literary scope. Manuscripts are 
selected for publication as much for their content (the experiences they describe) as for 
their literary merit. Include biographical sketch.

Letters. Letters commenting on recent articles as well as letters reporting cases, out-
breaks, or original research, are welcome. Letters commenting on articles should contain 
no more than 300 words and 5 references; they are more likely to be published if submit-
ted within 4 weeks of the original article’s publication. Letters reporting cases, outbreaks, or 
original research should contain no more than 800 words and 10 references. They may have 
1 figure or table and should not be divided into sections. No biographical sketch is needed.

Commentaries. Thoughtful discussions (500–1,000 words) of current topics.  
Commentaries may contain references (not to exceed 15) but no abstract, figures, or 
tables. Include biographical sketch.

Books, Other Media. Reviews (250–500 words) of new books or other media on 
emerging disease issues are welcome. Title, author(s), publisher, number of pages, and 
other pertinent details should be included.

Conference Summaries. Summaries of emerging infectious disease conference ac-
tivities (500–1,000 words) are published online only. They should be submitted no later 
than 6 months after the conference and focus on content rather than process. Provide 
illustrations, references, and links to full reports of conference activities.

Online Reports. Reports on consensus group meetings, workshops, and other activi-
ties in which suggestions for diagnostic, treatment, or reporting methods related to infec-
tious disease topics are formulated may be published online only. These should not exceed 
3,500 words and should be authored by the group. We do not publish official guidelines or 
policy recommendations.

Photo Quiz. The photo quiz (1,200 words) highlights a person who made notable 
contributions to public health and medicine. Provide a photo of the subject, a brief clue 
to the person’s identity, and five possible answers, followed by an essay describing the 
person’s life and his or her significance to public health, science, and infectious disease. 

Etymologia. Etymologia (100 words, 5 references). We welcome thoroughly researched 
derivations of emerging disease terms. Historical and other context could be included. 

Announcements. We welcome brief announcements of timely events of interest to 
our readers. Announcements may be posted online only, depending on the event date. 
Email to eideditor@cdc.gov. 

Emerging Infectious Diseases is a peer-reviewed journal established expressly to promote the recognition of new and 
reemerging infectious diseases around the world and improve the understanding of factors involved in disease emergence, prevention, and elimination. 

The journal is intended for professionals in infectious diseases and related sciences. We welcome contributions from infectious disease specialists in 
academia, industry, clinical practice, and public health, as well as from specialists in economics, social sciences, and other disciplines. Manuscripts in all 
categories should explain the contents in public health terms. For information on manuscript categories and suitability of proposed articles, see below and 
visit http://wwwnc.cdc.gov/eid/pages/author-resource-center.htm.

Emerging Infectious Diseases is published in English. To expedite publication, we post some articles online ahead of print. Partial translations of the 
journal are available in Japanese (print only), Chinese, French, and Spanish (http://wwwnc.cdc.gov/eid/pages/translations.htm).


