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RESEARCH

The introduction and spread of West Nile virus and the 
recent introduction of chikungunya and Zika viruses into 
the Americas have raised concern about the potential for 
various tropical pathogens to become established in North 
America. A historical analysis of yellow fever and malaria in-
cidences in the United States suggests that it is not merely a 
temperate climate that keeps these pathogens from becom-
ing established. Instead, socioeconomic changes are the 
most likely explanation for why these pathogens essentially 
disappeared from the United States yet remain a problem in 
tropical areas. In contrast to these anthroponotic pathogens 
that require humans in their transmission cycle, zoonotic 
pathogens are only slightly affected by socioeconomic fac-
tors, which is why West Nile virus became established in 
North America. In light of increasing globalization, we need 
to be concerned about the introduction of pathogens such 
as Rift Valley fever, Japanese encephalitis, and Venezuelan 
equine encephalitis viruses.

The recent explosive outbreaks of disease throughout 
the Americas caused by the introduction of Zika and 

chikungunya viruses has raised several questions, includ-
ing whether these or similar disease-causing pathogens 
could spread into countries located at temperate latitudes, 
particularly into the continental United States. The conven-
tional perception is that diseases caused by mosquito-trans-
mitted pathogens are mostly associated with tropical areas 
(1). Indeed, such areas include the ranges of temperature 
and other climatic conditions that are ideal for the vectors 
of these pathogens. Moreover, because such diseases are 
clearly more prevalent in these areas, we might easily as-
sume that the association between the tropics and mosqui-
to-transmitted pathogens indicates that temperate regions 
are at less risk for these diseases because of their cooler 
climates. However, this expectation of safety should not 
be taken for granted. In fact, cases of disease caused by 
mosquito-transmitted pathogens such as West Nile virus 

(WNV) occur readily in North America (2), and several 
encephalitides occasionally occur in the United States (3). 
In addition, history reveals that yellow fever and malaria 
were once very common in the United States and resulted 
in millions of cases (4,5). More than 100,000 deaths oc-
curred in the United States in the 18th and 19th centuries 
from yellow fever alone (4) (Figure), in areas considered as 
temperate or cold according to the Köppen-Geiger climate 
classification scheme (6).

Historical Aspects
The Aedes aegypti mosquito and 2 of its transmitted vi-
ruses (yellow fever and dengue viruses) and the plasmodia 
parasites of malaria (Plasmodium vivax and P. falciparum) 
are believed to have arrived to the Americas during the 
17th century by ship during the slave trade (7–9). During 
the 17th century (even during a cold period known as the 
Little Ice Age) until the 19th century, summertime malaria 
was present in much of the eastern United States, includ-
ing northern areas of the country (10). Numerous outbreaks 
of malaria occurred as far north as Massachusetts, with 
documented outbreaks occurring during 1793–1799 and in 
1806, 1810, 1820, 1828, and 1836; nearly 2,000 cases were 
reported during an outbreak in 1880 alone (11). In the sub-
tropical southern states along the Mississippi Valley during 
the 18th and 19th centuries, malaria spread quickly, espe-
cially during the American Revolutionary War and Civil 
War (5). Malaria is reported to have caused ≈1,300,000 
cases of illness and ≈10,000 deaths among soldiers during 
the 4 years of the Civil War (5). Although mosquito trans-
mission of disease-causing organisms was not proved until 
1889, the coincidental use of window and door screens 
might have contributed to the lowering prevalence by the 
beginning of the 1880s (12).

Efforts to control mosquitoes by draining mosquito 
larval habitat sites have been undertaken since 1930 by 
the US government (13). However, such efforts might 
have been improperly managed, and the depopulation 
of the rural South likely was the main factor leading to 
the substantial reduction in malaria by the early 1940s 
(13). In 1947, the National Malaria Eradication Program, 
a cooperation between the state and local health agencies 

History of Mosquitoborne Diseases 
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of 13 southeastern states and the Communicable Disease 
Center of the US Public Health Service, commenced the 
operations that presumably resulted in the elimination 
of malaria from the United States (14). The application 
of DDT and drainage of mosquito larval habitats were 
the main control methods used. By the early 1950s, af-
ter 3 years with no indigenous cases (based on eradica-
tion criteria stated by the National Malaria Society at the 
time), malaria was considered to be no longer endemic 
in any given area of the continental United States (14). 
Although 63 outbreaks of locally transmitted mosquito-
borne malaria were reported in the United States during 
1957–2003, these outbreaks consisted of only 156 cases 
(15) and were caused by mosquitoes infected after bit-
ing persons that had acquired the pathogen in other coun-
tries (16). Still, concern about malaria exists because 
the 3 mosquito species that transmitted malaria in the 
United States before its eradication, Anopheles quadri-
maculatus, An. freeborni, and An. pseudopunctipennis, 
along with other anopheline species, are still present in 
the country (16). Thus, rather than the mere control of 
the vector, the introduction of screening, air condition-
ing, television, and other enhancements (i.e., improved 
socioeconomic conditions), along with improved early 
diagnosis and access to treatment, might also have helped 
eliminate human reservoirs and eradicate malaria from 
the United States.

Yellow fever epidemics were common in northeastern 
US cities as far north as Boston, Massachusetts; Portsmouth, 
New Hampshire; and Providence, Rhode Island, during 
the 18th century and the beginning of the 19th century 
(4,17). The large epidemic of yellow fever in Philadelphia, 
Pennsylvania, in the summer of 1793 (resulting in ≈5,000 
deaths) was a contributing factor in the decision to move 
the nation’s capital to the city of Washington (18), and epi-
demics in 1798 in Philadelphia and New York, New York, 
resulted in 3,500 and 2,080 deaths, respectively (4). After 
1822, yellow fever epidemics in the United States were 
generally restricted to more southern cities (4). In addition, 
major epidemics occurred in New Orleans, Louisiana, in 
1853 (≈9,000 deaths) (4) and Savannah, Georgia, in 1876 
(1,066 deaths) (4). In the great epidemic of 1878, 16,000–
20,000 deaths from yellow fever occurred along the Missis-
sippi River, from the Gulf of Mexico to Memphis, Tennes-
see, and St. Louis, Missouri (4). Overall, at least 100,000 
deaths were attributed to yellow fever in the United States 
during 1693–1905 (4). Within a few years after the discov-
ery in 1901 that yellow fever was transmitted by mosquito, 
the last locally acquired cases of yellow fever in the United 
States were reported in 1905 in Pearlington, Mississippi (46 
deaths), and New Orleans (437 deaths) (4,11). It is impor-
tant to note that open cisterns were common in homes of 
the Mississippi Gulf Coast from the 18th century through 
the early 20th century and that ≈5,000 deaths from yellow 
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Figure. Outbreaks of yellow 
fever reported during 1693–1905 
among cities comprising part 
of present-day United States. 
Because deaths from yellow 
fever were often not recorded, or 
only referred to as “a significant 
portion of the population” and 
thus not accounted for here, the 
numbers presented in this figure 
represent a minimum for the 
cities cited (4,6–8).
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fever occurred in Mississippi roughly within the same pe-
riod (11). Important aspects in commonly characterizing 
these yellow fever epidemics were the tendency for them 
to occur during summer and fall and in port cities with ac-
tive trade with the Caribbean Islands (Figure). Today, these 
aspects still represent a concern but now are not just limited 
to port cities as our increasingly global society experiences 
increasing numbers of travelers flying from tropical areas 
(19), especially during the summer season.

On the basis of identification of Ae. aegypti mosqui-
toes as the primary vector of yellow fever by the Walter 
Reed Commission in 1901 and the earlier discovery by 
Ronald Ross that the parasite that causes malaria is trans-
mitted by mosquito (20), the first actions taken by US com-
panies that took over the construction of the Panama Canal 
in Panama was the eradication of mosquitoes, mainly by 
draining or oiling of larval rearing sites and fumigation 
with pyrethrum (21). In 1947, the Pan American Sanitary 
Bureau, later renamed the Pan American Health Organiza-
tion, implemented a program that lasted until 1970 to eradi-
cate Ae. aegypti mosquitoes and consequently dengue (7). 
The mosquito was declared eradicated from 18 continental 
countries in the Americas in 1962 (22). The apparent suc-
cess of the elimination program, along with environmental 
concerns about the use of pesticides such as DDT, were 
among the reasons to end it. However, since 1971, Ae. ae-
gypti mosquitoes have started regaining their previous geo-
graphic distribution, including a notable increase occurring 
after 2000 (7). The failure to eradicate this vector in the 
Americas was a major factor leading to the reemergence 
of dengue (22) and very likely to the recent appearance 
of chikungunya and Zika viruses. Dengue outbreaks have 
continued to occur in southern Texas and southern Florida 
as recently as 2011 (23,24). However, these outbreaks have 
been more associated with the high proportion of persons 
traveling from dengue-endemic countries than to climatic 
or socioeconomic conditions.

Socioeconomic Changes and  
Anthroponotic Pathogens
As we have mentioned, the mosquito vectors capable of 
transmitting malaria, yellow fever, and dengue have been 
present throughout much of the United States since the 
1600s (4,7,11). What has clearly changed in the United 
States from the 18th and 19th centuries to the present is the 
availability of potable water, sanitation, and social lifestyles. 
These developments have essentially eliminated the need to 
store water in indoor containers and reduced contact with 
mosquitoes. After World War II, and particularly during the 
1950s, a boom in the US economy increased the standard 
of living and aided the widespread use of television and air 
conditioning. In addition, the use of screened terraces and 
windows increased. These commodities influenced persons 

to spend a longer time indoors or in screened areas (thus 
decreasing outdoor exposure to mosquito bites) and made 
indoor environments less accessible to outside mosquitoes. 
Because changes in living conditions in the United States 
reduced the opportunity for contact between mosquitoes 
and humans, these changes substantially affected the trans-
mission of those pathogens for which humans are the pri-
mary amplifying host. Such pathogens fall into the group of 
anthroponoses (i.e., those in which humans are the principal 
vertebrate host). Thus, diseases such as malaria, yellow fe-
ver, and dengue have all but disappeared (4,7,9,14–16), and 
the viruses that cause chikungunya and Zika, which arrived 
into the United States after living conditions had improved, 
have not become established in the continental United 
States despite the occurrence of ≈10,000 imported cases of 
these infections since 2014 (25,26).

The impact of changing cultural and socioeconomic 
conditions on the prevalence of anthroponotic diseases 
over time has also been observed when the cultural and 
socioeconomic conditions change across geographic areas. 
Contemporary observations of dengue prevalence in con-
tiguous cities at the United States–Mexico border indicate 
lower dengue prevalence and higher socioeconomic condi-
tions on the US side (27,28). The lower rates of dengue, 
chikungunya, and Zika virus infection reported in the Unit-
ed States compared with Latin America countries coincide 
with higher socioeconomic conditions in the United States 
(29). Although malaria and yellow fever are transmitted by 
different mosquitoes and the larval habitats and biting be-
haviors of these mosquitoes are different, both diseases are 
similar in that humans are essentially the only amplifying 
vertebrate host. Therefore, continued transmission would 
require considerable mosquito–human contact, and either 
a reduction in the number of mosquitoes present or their 
ability to bite humans would be necessary to reduce the 
potential for continued transmission.

Potential for the Introduction of Zoonotic Viruses
This association between socioeconomic status and preva-
lence of diseases caused by mosquito-transmitted pathogens 
applies more to anthroponotic than to zoonotic pathogens 
(i.e., those pathogens in which animals other than humans 
play a major role in the transmission cycle). These zoonotic 
viruses cause diseases such as WNV infection, St. Louis 
encephalitis, eastern equine encephalitis, western equine 
encephalitis, and La Crosse encephalitis. These viruses are 
maintained in natural transmission cycles involving vari-
ous mosquito and bird or rodent species and therefore are 
not usually greatly affected by improved housing for hu-
mans. Because humans are not involved in the transmis-
sion cycle of these viruses, the viruses persist in the United 
States, whereas anthroponotic pathogens (e.g., malaria 
and dengue and yellow fever viruses), which involve only  
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humans as vertebrate amplifying hosts, have been essential-
ly eliminated (4,7,8,14–16). In contrast, zoonotic viruses, 
such as eastern equine encephalitis and La Crosse viruses, 
continue to be a cause of disease (30,31), and the introduc-
tion of WNV in 1999 (32) illustrates the potential for an 
exotic virus to become established in North America. Since 
its introduction in 1999, WNV has spread throughout the 
continental United States as well as to southern Canada and 
most of Central and South America (33,34). In the conti-
nental United States, ≈40,000 cases and ≈2,000 deaths have 
been attributed to WNV infection (2). Thus, unlike the an-
throponotic viruses chikungunya and Zika, which failed to 
become established in the continental United States despite 
the introduction of ≈10,000 imported cases (25,26), exotic 
zoonotic viruses could very likely be introduced and become 
established, with potentially devastating consequences.

Recent History of the Introduction of  
Novel Viruses
Like yellow fever and dengue viruses, chikungunya and 
Zika viruses are also anthroponotic viruses transmitted by 
Ae. aegypti mosquitoes. These viruses were recently intro-
duced into the Americas, where each has caused massive 
outbreaks in South and Central America as well as in the 
Caribbean, resulting in ≈2 million infections with chikun-
gunya virus (35) and ≈750,000 infections with Zika virus 
(36). These outbreaks have led to the introduction of nu-
merous imported cases into the continental United States, 
where ≈3,500 imported cases of chikungunya virus infec-
tion (25) and ≈5,000 imported cases of Zika virus infection 
(26) have been reported to the Centers for Disease Control 
and Prevention (CDC). In addition to the Ae. aegypti mos-
quito, the Ae. albopictus mosquito has been implicated as 
a potential vector of Zika (37,38) and chikungunya (39,40) 
viruses. The first locally acquired chikungunya case in the 
continental United States was reported in Florida in July 
2014 (41). As of December 31, 2016, CDC has reported 
3,869 chikungunya cases in the United States, of which 
13, all in southern Florida, have been identified as locally 
transmitted (25). Zika virus is of particular concern because 
of its potential to cause Guillain-Barré syndrome and con-
genital abnormalities such as microcephaly (42,43) and be-
cause it can be transmitted not only through mosquito bites 
but also from mother to child, by blood transfusion, and 
through sexual contact (44). Indeed, the first case identi-
fied in the United States (in 2008) was attributed to sexual 
transmission (45). As of July 12, 2017, CDC has reported 
a total of 5,381 cases of Zika virus infection in the conti-
nental United States, including 49 cases acquired through 
sexual transmission or routes other than mosquito transmis-
sion and 224 cases assumed to be transmitted locally by 
mosquito bite (26). Local mosquito transmission was first 
reported in July 2016 in southern Florida (46), and genetic 

studies indicate that 4–40 separate introductions of the vi-
rus contributed to the outbreaks (47). In addition, similar to 
dengue and chikungunya, cases of locally transmitted Zika 
virus have been identified in southern Texas (48). Most of 
these introductions originated from the Caribbean, as indi-
cated by genetic and surveillance analysis and supported by 
the high influx of travelers from this high-incidence region 
(47). As we previously mentioned, the active trade between 
the Caribbean and the United States played a key role in 
influencing the abundance of yellow fever outbreaks in the 
United States during 1693–1905 (4). This history demon-
strates not only the potential threat for the arrival of new 
pathogens from tropical origins but, in general, the risk of 
globalization for the introduction of new pathogens as a 
whole and the importance of paying attention to the public 
health of developing countries as a way to ensure the safety 
of local public health everywhere.

Conclusions
Although anthroponotic pathogens such as yellow fe-
ver virus and malaria were once prevalent in the United 
States (including the northern states), their prevalence oc-
curred when socioeconomic conditions were poor. How-
ever, when these conditions improved, such diseases virtu-
ally disappeared. Since 2014, despite the introduction of 
≈10,000 imported cases of Zika or chikungunya virus in-
fections, relatively few local cases have been reported, and 
all of them occurred in areas where Ae. aegypti mosquitoes 
were present (i.e., neither of these 2 viruses has managed 
to become established in the continental United States). On 
the other hand, as illustrated by WNV, a zoonotic virus has 
the potential to be introduced and become established. Zika 
and chikungunya viruses failed to become established be-
cause they are anthroponotic viruses, whereas WNV was 
able to become established because it is a zoonotic virus 
(some other zoonotic viruses such as Japanese encephali-
tis and Rift Valley fever viruses show similar potential). 
Improvement in standards of living inhibits anthroponotic 
but not zoonotic viruses. Given that the decreased exposure 
of humans to mosquitoes in the United States is primarily 
driven by changes in socioeconomic conditions, it is impor-
tant to note that these very conditions could be threatened 
by massive natural disasters or any other similarly disrup-
tive event. Consequently, appropriate disaster preparedness 
plans need to be in place to address this potential threat.
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A large number of imported cases of Zika virus infection 
and the potential for transmission by Aedes albopictus 
mosquitoes prompted the New York City Department of 

Health and Mental Hygiene to conduct sentinel, enhanced 
passive, and syndromic surveillance for locally acquired 
mosquitoborne Zika virus infections in New York City, 
NY, USA, during June–October 2016. Suspected case-
patients were those >5 years of age without a travel  
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SYNOPSIS

history or sexual exposure who had >3 compatible signs/
symptoms (arthralgia, fever, conjunctivitis, or rash). We 
identified 15 suspected cases and tested urine samples 
for Zika virus by using real-time reverse transcription PCR; 
all results were negative. We identified 308 emergency de-
partment visits for Zika-like illness, 40,073 visits for fever, 
and 17 unique spatiotemporal clusters of visits for fever. 
We identified no evidence of local transmission. Our ex-
perience offers possible surveillance tools for jurisdictions 
concerned about local mosquitoborne Zika virus or other 
arboviral transmission.

Zika virus, an arbovirus of the genus Flavivirus, has 
spread rapidly across Latin America and the Caribbean 

region after an epidemic was identified in Brazil in early 
2015 (1,2). Although it is usually clinically mild or asymp-
tomatic, Zika virus infection during pregnancy can cause 
microcephaly and other severe brain, eye, and ear defects 
in the fetus (3,4). Among adults, Zika virus has also been 
linked to neurologic disorders, including Guillain-Barré 
syndrome (5).

The primary vector of the Zika virus epidemic, the 
mosquito Aedes aegypti, has not been found in New York 
City (NYC), NY, USA; however, the less-efficient mos-
quito vector Ae. albopictus is present throughout the city 
(6–11). Historically, NYC has not had local transmission 
of either dengue or chikungunya viruses, which are also 
spread by Ae. aegypti and Ae. albopictus mosquitoes.

NYC is a destination for a large population of travel-
ers, as well as being the home of ≈1.8 million persons from 
the Caribbean region and Latin America, who might travel 
back and forth to Zika-affected areas (12–14). As of June 
17, 2016, there were 182 confirmed cases of Zika virus 
infection in NYC, one of the highest case burdens in the 
United States (15).

The Centers for Disease Control and Prevention 
(CDC) interim response plan for Zika recommends en-
hanced surveillance in areas with Ae. aegypti mosquitoes 
(16). The risk for local mosquitoborne transmission in 
NYC was thought to be less than in jurisdictions with Ae. 
aegypti mosquitoes. However, local transmission was still 
a concern given the high number of travel-associated cas-
es, the nascent knowledge about Zika transmission, and 
the potential need to rapidly implement local control mea-
sures should mosquitoborne transmission be demonstrat-
ed (17). In response, the NYC Department of Health and 
Mental Hygiene (DOHMH) enhanced both human sur-
veillance and mosquito control efforts during 2016 (15). 
This report describes the establishment and outcomes of 
sentinel, enhanced citywide passive, and emergency de-
partment (ED) syndromic surveillance systems to identify 
potential human cases of local mosquitoborne transmis-
sion of Zika virus.

Methods

Sentinel Surveillance
DOHMH identified the first travel-associated Zika cases in 
NYC in January 2016 (15); the number of cases peaked 
in June 2016 (NYC DOHMH, unpub. data). Sentinel sur-
veillance for local transmission was initiated in June 2016. 
Sentinel surveillance relies on detection of disease in fa-
cilities likelier to see cases, can require fewer public health 
resources than population-based surveillance, and can pro-
vide more detailed data than passive reporting (18). We se-
lected facilities throughout the city for the sentinel surveil-
lance network on the basis of locations in neighborhoods 
with high counts of reported cases of travel-associated Zika 
virus infection, historically elevated counts of travel-asso-
ciated dengue or chikungunya diseases from Zika-affected 
countries, an environmental habitat conducive to Ae. al-
bopictus mosquito breeding, or areas with large adult Ae. 
albopictus mosquito populations.

Participating sentinel clinical sites received patient 
screening criteria, reporting instructions, sterile urine col-
lection tubes, educational posters, and, in some cases, mos-
quito repellents to distribute to persons planning to travel 
to Zika-affected areas. Sentinel sites used a paper DOHMH 
reporting form to capture clinical and demographic infor-
mation on suspected cases.

One designated healthcare staff member at each site 
received weekly DOHMH update emails and was respon-
sible for disseminating the sentinel case definition and any 
relevant updates to other providers onsite. These provid-
ers were of varying medical specialties, including internal 
medicine, emergency medicine, infectious disease, family 
medicine, and pediatrics. For assistance, providers could 
also contact the regular DOHMH 24-hour on-call physician 
or a direct sentinel call number active during the surveil-
lance period.

The initial definition of a suspected case-patient from 
sentinel surveillance was any patient >5 years of age who 
reported no travel to a Zika-affected area within the pre-
vious 4 weeks and showed >3 of the 4 major Zika signs/
symptoms: fever, rash, arthralgia, or conjunctivitis. Be-
cause children frequently have fever and rash, patients <5 
years of age were excluded because of low specificity of 
the symptom-based case definition in this population (16). 
An exception was made for a 1-year-old patient who had 
all 4 signs/symptoms and reported no travel to a Zika-af-
fected country.

Enhanced Passive Surveillance
Enhanced passive surveillance is an amplification of stan-
dard passive surveillance in which public health agencies 
send notifications to healthcare providers and facilities to 
remain alert for suspected cases of a particular disease or 
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condition (19). In July 2016, local transmission of Zika vi-
rus in Florida prompted the expansion of sentinel surveil-
lance to enhanced passive surveillance starting in August 
2016 (20). DOHMH used the Health Alert Network, an 
email-based public health alert system, to encourage all 
physicians to seek Zika virus testing for eligible patients. 
The final case definition for sentinel and passive sites was 
any patient who met all of the following criteria: >5 years 
of age; >3 of 4 signs/symptoms (arthralgia, fever, conjunc-
tivitis, and rash); no history of travel to a Zika-affected 
area in the previous 4 weeks; no history of sex with a per-
son who traveled to a Zika-affected area in the previous 4 
weeks; and urine specimen collected within 14 days after 
illness onset.

Routine Case Investigation
Following DOHMH protocol, epidemiologists interviewed 
patients who had laboratory evidence of Zika virus infec-
tion (or their guardians). During these interviews, inves-
tigators asked patients whether they had any nonsexual 
household contacts who developed Zika-like signs/symp-
toms and whether the contact had traveled to a Zika-affect-
ed area. Any reports of symptomatic, nonsexual household 
contacts without travel were assessed for risk and referred 
to testing if appropriate.

Laboratory Testing
Patients who met the sentinel case definition were asked 
to provide >3 mL of urine in sterile tubes. According to 
CDC guidelines, urine must have been obtained within 14 
days after illness onset to be eligible for testing (21). The 
urine samples were stored at 4°C until they could be trans-
ported on ice to the NYC DOHMH Public Health Labora-
tory (PHL) for testing. DOHMH arranged for transporta-
tion of specimens via a courier service. Pregnant patients 
were requested to submit not only urine specimens but also 
serum specimens. All sentinel specimens were prioritized 
(within 48 hours) for Zika virus RNA testing by a real-time 
reverse transcription PCR (rRT-PCR) assay at PHL (22). 
We assessed timeliness of PHL testing using the diagno-
sis time, defined as the number of hours between specimen 
collection at the healthcare facility and rRT-PCR result 
availability, as well as testing time, defined as the number 
of hours between specimen arrival at PHL and rRT-PCR 
result availability.

Syndromic Surveillance
Syndromic surveillance uses electronic health-related 
data in near–real time to assess the health of a community 
with the goal of early identification of disease clusters or 
cases (23). The NYC DOHMH syndromic surveillance 
system uses daily visit data from all NYC EDs. For visits  
by patients >5 years of age, chief complaint text and  

International Classification of Diseases (ICD) version 9 
and 10 diagnosis codes were used to create a fever syn-
drome for spatiotemporal analysis and a Zika-like illness 
line list for case finding.

Patients with fever visits were identified as those 
with chief complaint terms fever, febrile, or pyrexia or 
with ICD version 9 diagnosis code 780.6 or ICD version 
10 diagnosis code R50. Fever was chosen as a surrogate 
marker for potential locally acquired Zika virus disease 
because fever was reported by ≈80% of symptomatic 
NYC patients with travel-associated Zika virus disease 
at the time of sign/symptom selection; is uncommon 
among persons >5 years of age during mosquito season 
in NYC; and was found to be more specific than rash, 
conjunctivitis, or arthralgia, with less variety in patient 
chief complaint.

Each day, we applied the prospective space-time 
permutation scan statistic using SaTScan version 9.4 in-
voked in batch mode through SAS version 9.4 to identify 
spatiotemporal clusters of fever syndrome by hospital 
ZIP code and by patient residential ZIP code (24). The 
input file was for 90 days, the maximum spatial cluster 
size was 20% of observed visits, and the maximum tem-
poral cluster size was 14 days. Initially, we defined a sig-
nal as a cluster with a recurrence interval >100 days, but 
to limit false signaling, on June 18, 2016, we redefined a 
signal as a cluster with a recurrence interval >365 days. A 
recurrence interval represents the number of days of daily 
surveillance required for the expected number of clusters 
at least as unusual as the observed cluster to be equal to 
1 by chance (25). We defined unique clusters as clusters 
with no spatial overlap with ZIP codes or hospitals iden-
tified in the prior day’s most likely cluster. We overlaid 
clusters on a map of areas identified using a statistical 
model as being at high risk of Zika virus importation in 
any given week. We evaluated spatiotemporal clusters 
qualitatively, taking into consideration the recurrence in-
terval, whether hospitals included in the cluster recently 
transitioned to patient tracking and data transfer using 
Health Level Seven (HL7) international reporting stan-
dards (http://www.hl7.org), cluster size relative to the es-
timated <200 m range of the Ae. albopictus mosquito, and 
any geographic overlap with areas at high risk for Zika 
virus importation (26).

In addition, patients with Zika-like illness were identi-
fied through ED visits with mention of any the following 
scenarios: chief complaint including at least 3 signs/symp-
toms among rash, fever, joint pain, or conjunctivitis; chief 
complaint including the term Zika; diagnosis of Guillain-
Barré syndrome; or diagnosis of arboviral infection. Ini-
tially, DOHMH staff members reviewed all ED visits for 
Zika-like illness. As the volume of visits increased through 
June and July, a case finding pilot was conducted to  
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determine whether syndromic surveillance could identify 
nontravel patients for testing and, if so, establish rules for 
when follow-up investigation was necessary. During the 
pilot period, July 31–August 4, 2016, DOHMH surveil-
lance analysts contacted hospital staff to collect informa-
tion on travel history, diagnosis, and any Zika testing of 
patients identified as having Zika-like illness. Because this 
work was conducted in the course of routine surveillance 
and public health practice, institutional review board ap-
proval was not required.

Results

Sentinel and Enhanced Passive Surveillance
The NYC DOHMH sentinel surveillance system for locally 
acquired Zika virus infection was operational during June 
27–September 30, 2016, and consisted of 24 NYC hospi-
tals and community health centers. Sentinel sites were lo-
cated in all 5 boroughs: 7 in the Bronx, 6 in Queens, 5 in 
Brooklyn, 3 in Manhattan, and 3 in Staten Island. Enhanced 
passive surveillance was instituted on August 2, 2016.

A total of 15 patients met the suspected case definition; 
of these, 8 (53%) were reported from 5 sentinel sites and 7 
(47%) from 6 nonsentinel sites (Table), including 4 hospi-
tals and 2 outpatient centers. The most common location of 
residence was the Bronx (n = 5), followed by Manhattan (n 
= 3) and Queens (n = 3). All patients from the Bronx sought 
care at sentinel sites. The median patient age was 35 years 
(interquartile range [IQR] 20–49 years). Nine (60%) pa-
tients were female. Two patients were pregnant at the time 
of testing. No household contacts of cases were referred for 
Zika testing during routine case investigation.

The median diagnosis time for all submissions was 
46.3 hours (IQR 27–98 hours), and the median testing time 
was 6.2 hours (IQR 6–26 hours). No specimens had Zika 
virus RNA detected by rRT-PCR. 

Fever Syndrome ED Visits
We performed automated spatiotemporal cluster detection 
analyses for fever syndrome daily on visits from all 53 NYC 
EDs during June 1–October 31, 2016. During this period, 
there were 40,073 visits for fever syndrome, with a daily 
median of 262 visits (IQR 247–277 visits). We detected 
17 unique spatiotemporal fever syndrome clusters. Upon 
investigation, we discarded 2 clusters with low recurrence 
intervals, because these clusters would not have signaled 
after applying the final signaling threshold. We examined 
14 other clusters that we identified as artifacts resulting 
from 17 hospitals transitioning during the analysis period 
to using HL7 international reporting standards. The transi-
tion resulted in longer fields for the chief complaint, and 
thus more opportunity to include a fever keyword, causing 
localized increased syndrome capture compared with the 
baseline. The remaining cluster did not overlap with areas 
classified as high risk for Zika importation and had a radius 
of 11.1 km, inconsistent with the estimated <200 m range 
of Ae. albopictus mosquitoes (26).

Zika-Like Illness ED Visits
We identified 308 ED visits for Zika-like illness during 
June 1–October 31, 2016 (Figure); daily median was 2 vis-
its (IQR 1–3 visits). During the case finding pilot, we iden-
tified 19 Zika-like illness visits at 17 hospitals. For 6 visits, 
DOHMH surveillance analysts could not reach hospital 
staff for follow-up after 3 attempts or medical records were 
unavailable. Of 13 (68%) visits with completed follow-up, 
travel to Zika-affected countries was confirmed for 85% of 
patients. The remaining 15% of patients with completed 
follow-up and no travel were found to have diagnoses in-
consistent with Zika virus infection. Follow-up determined 
that all visits with mention of the term Zika were for pa-
tients with travel history and had been appropriately as-
sessed for infection risk and testing by the ED physician.
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Table. Demographic and clinical characteristics of persons meeting case definition for suspicion of local transmission of Zika virus at 
sentinel and nonsentinel passive surveillance sites in New York City, June 27–September 30, 2016* 
Characteristics Total tested for Zika virus Nonsentinel site Sentinel site 
Total number tested 15 (100) 7 (47) 8 (53) 
Median age (interquartile range) 35 (20–49) 29 (9–38) 45 (21–54) 
Borough    

Bronx 5 (33) 1 (14) 4 (50) 
Brooklyn 2 (13) 1 (14) 1 (13) 
Manhattan 3 (20) 2 (29) 1 (13) 
Queens 3 (20) 3 (43) 0 
Staten Island 2 (13) 0 2 (25) 

Sex     
F 9 (60) 6 (86) 3 (38) 
M 6 (40) 1 (14) 5 (62) 

Pregnant at time of report  2 (13) 2 (29) 0 
Signs and symptoms    

Arthralgia 12 (80) 4 (57) 8 (100) 
Conjunctivitis 10 (67) 7 (100) 3 (38) 
Fever 13 (86.7) 5 (71.4) 8 (100) 
Rash 11 (73.3) 4 (57.1) 7 (87.5) 

*Values are no. (%) except as indicated. Signs and symptoms are not mutually exclusive. 
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Based on the case finding pilot, we established that fol-
low-up case investigation was not necessary when the visit 
text had one of the following: mention of recent travel to a 
country or territory with local Zika virus transmission, an 
alternate diagnosis listed, or a chief complaint containing 
“Zika.” Following this protocol, during August 5–October 
31, 2016, a total of 12 of 163 Zika-like illness visits quali-
fied for additional follow-up: 8 were found to have trav-
eled to Zika-affected countries, but this information was 
not noted in the original chief complaint or travel history 
data fields; 1 patient had already been tested for Zika vi-
rus; 1 patient was ruled out because medical records noted 
allergic reaction with no fever; 1 patient was admitted to 
labor and delivery from the ED and the ED medical record 
was inaccessible to the hospital staff contact; and 1 patient 
could not be matched to hospital records on the basis of 
information available in the syndromic record.

Discussion
During the peak period of travel-associated Zika cases and 
the mosquito season in NYC in 2016, DOHMH used case 
investigation, sentinel, enhanced passive, and syndromic 
surveillance to monitor for the presence of local mosqui-
toborne Zika virus transmission. None of the systems de-
tected any local mosquitoborne transmission.

During the sentinel surveillance period, healthcare 
providers identified 15 NYC residents without recent travel 
history or sexual exposure who met the sentinel case defini-
tion for Zika virus; all tested negative for Zika virus. Only 
21% of sentinel sites reported any suspected cases, which 
might indicate a lack of engagement of some sites, inap-
propriate selection of site locations, or a true lack of pa-
tients who met the criteria. Future iterations of a sentinel 

surveillance program should include an evaluation compo-
nent, such as the deployment of a mock patient with lo-
cally acquired Zika virus infection or a review of medical 
records, to evaluate provider awareness and effectiveness 
of the sentinel sites.

Although DOHMH targeted efforts to identify sus-
pected locally acquired cases at presumed higher-risk sen-
tinel sites, 47% of patients tested for Zika virus were seen 
at nonsentinel sites. We believe this might have been be-
cause Zika virus infection is a reportable disease in New 
York and healthcare facilities were already sending speci-
mens from suspected travel-associated Zika virus cases 
to PHL for testing (27). Given that baseline knowledge 
regarding Zika may have been heightened, the additional 
contact with sentinel sites may not have appreciably im-
proved reporting.

Enhanced passive citywide surveillance has the ad-
vantages of including all NYC residents and relying on the 
preexisting reportable disease system. Potential downsides 
to this open system are the incorrect application of screen-
ing criteria and subsequent overburdening of laboratories 
with test requests. In response to the high volume of trav-
el-associated Zika virus testing through PHL, by March 
2016 DOHMH had implemented a system to screen testing 
requests for appropriateness (15). This same system was 
used to screen test requests of suspected local transmission, 
mitigating the potential for incorrect application of screen-
ing criteria.

CDC guidelines for early detection of possible local 
transmission require timely testing of patients (16). For both 
sentinel and passive surveillance, the use of urine speci-
mens for Zika virus testing was less invasive for patients 
and allowed health centers without laboratory capabilities 
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department; ICD, International 
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to submit specimens, because serum testing requires speci-
men processing with a centrifuge shortly after collection. 
DOHMH also arranged for the transport of specimens for 
testing to PHL, reducing provider burden. The median time 
between specimen collection and result availability was 46 
hours, indicating that PHL was able to efficiently process 
and report suspected cases of local mosquitoborne trans-
mission. The caveat to testing urine only is that Zika virus 
RNA may persist longer in serum than in urine (28).

During June–October 2016, no concerning spatiotem-
poral clusters of fever were identified through syndromic 
surveillance. Because available spatial elements of the data 
were limited to hospital location and patient residential 
ZIP code, spatiotemporal clusters associated with patient 
workplace were not detectable. In addition, although the 
initial choice of fever syndrome alone was appropriate for 
NYC at the start of the case finding, by the end of the study 
period, rash was identified as the most prevalent sign or 
symptom of Zika virus infection. This finding is in line 
with a CDC study of travel-associated cases during Janu-
ary–March 2016 that found that rash was the most common 
sign or symptom reported (98%), followed by fever (82%) 
and arthralgia (66%) (29). Requiring >2 signs/symptoms, 
rather than >3, would have been less sensitive for cluster 
detection because of patients who experience or report only 
1 relevant sign/symptom and given the restrictions in the 
length of the chief complaint text provided by some hospi-
tals. Although the incidence of other febrile illnesses dur-
ing the summer in NYC is low, particularly compared with 
illnesses with rash, evaluation on the basis of fever syn-
drome may not be as appropriate in tropical settings where 
high incidence of febrile illnesses might circulate concur-
rently with Zika virus. Rash should be evaluated for future 
syndromic surveillance, with consideration for potential 
background levels of rash during the summer.

During August–October 2016, a manageable number 
(12 of 163) of ED visits for Zika-like illness met protocol 
criteria for DOHMH staff to follow up with hospital infec-
tion control practitioners regarding patient travel history. 
Follow-up activities would be challenging to sustain with a 
higher volume of cases. The pilot study highlighted the im-
portance of collecting travel history data and led DOHMH 
to request during the study period that clinical facilities in-
clude an additional travel history field in the daily ED data 
transmission to improve capture of patient travel. Continued 
collaboration between DOHMH and EDs to improve travel 
data will facilitate surveillance for Zika virus as well as for 
other travel-associated diseases.

A limitation of the syndromic surveillance system 
was the incomplete transition of all hospitals to HL7 in-
ternational reporting standards, resulting in differences in 
the average number of terms in the ED chief complaint per 
hospital and precluding use of a more specific, multiple-

symptom definition for cluster detection. For the Zika-like 
illness linelist, requiring at least 3 signs/symptoms of Zika 
virus infection biased case detection toward hospitals that 
provide more detailed chief complaints, which might not 
have corresponded to areas where the risk of local mosqui-
toborne transmission was highest in NYC.

The major limitation of all surveillance for local trans-
mission of Zika virus is that 80% of Zika virus infections 
are asymptomatic; therefore, any surveillance system re-
liant on the presence of symptoms will underestimate the 
true incidence of infection (4,30). Thus, the surveillance 
systems used by DOHMH might have missed capturing 
smaller, local outbreaks of mosquitoborne Zika virus. In 
particular, spatiotemporal cluster detection requires many 
symptomatic persons seeking care within a specified inter-
val. Therefore, it is unlikely that syndromic surveillance 
would be sufficiently sensitive to detect a small cluster of 
locally acquired infections.

Despite the stated limitations, our experience suggests 
that enhanced passive surveillance, with frequent outreach 
to providers in communities with large numbers of travel-
associated human cases or habitats conducive to potentially 
competent mosquito vectors, was an efficient and manage-
able method to monitor for locally transmitted mosquito-
borne Zika virus infection in NYC. Given that NYC does 
not have Ae. aegypti mosquitoes, the multipronged surveil-
lance approach taken by NYC DOHMH during the first 
year of the epidemic was considered a robust plan to detect 
local mosquito transmission of Zika virus. The likelihood 
that another vectorborne infection will emerge somewhere 
in the world is high, and surveillance is a critical tool for 
the detection and evaluation of control measures (31,32). 
Our experience offers a possible surveillance model for 
other jurisdictions concerned about the possibility of local 
mosquitoborne Zika virus or other arboviral transmission.
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We report a series of 5 case-patients who had Israeli spot-
ted fever, of whom 2 had purpura fulminans and died. Four 
case-patients were given a diagnosis on the basis of PCR of 
skin biopsy specimens 3–4 days after treatment with doxy-
cycline; 1 case-patient was given a diagnosis on the basis 
of seroconversion. Rickettsia spp. from the 2 case-patients 
who died were sequenced and identified as Rickettsia 
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SYNOPSIS

conorii subsp. israelensis. Purpura fulminans has been de-
scribed in association with R. rickettsii and R. indica, but 
rarely with R. conorii subsp. israelensis.

Rickettsia conorii is the etiologic agent of Mediterra-
nean spotted fever (MSF), which is considered one of 

the most severe and life-threatening rickettsial infections. 
Among the 4 strains of R. conorii (R. conorii subsp. cono-
rii, R. conorii subsp. caspia, R. conorii subsp. indica, and 
R. conorii subsp. israelensis), R. conorii subsp. israelensis, 
which causes Israeli spotted fever (ISF), is believed to be 
the most virulent strain and shows a case-fatality rate of up 
to 32.3% in hospitalized patients (1). R. conorii is endemic 
to Israel (2). However, in recent years, Rickettsia spp. other 
than R. conorii have been identified and reported from Isra-
el, including R. africae, R. massiliae, and R. sibirica (3,4).

Within the R. conorii group, there are clinical and viru-
lence differences. For example, infections with R. conorii 
subsp. israelensis have higher case-fatality rates than infec-
tions with the R. conorii Malish strain (29% vs. 13%), and 
R. conorii subsp. israelensis is rarely associated with an 
eschar at the site of a tick bite (5,6). ISF has also been re-
ported from other Mediterranean countries, including Por-
tugal (7), Italy and Sicily (6), and Tunisia (8). R. conorii 
subsp. conorii that cause MSF are also endemic to Europe, 
Asia, and Africa.

ISF usually manifests as fever with a maculopapular 
rash, usually involving the palms of the hands and the soles 
of the feet. Patients who die from ISF typically have mul-
tiorgan failure, acute renal or hepatic failure, and acute en-
cephalitis; all are attributed to the affinity of the Rickettsia 
spp. to endothelial cells with resultant vasculitis. The typi-
cal maculopapular rash might transform to become hemor-
rhagic with discrete purpurial lesions, but true manifesta-
tion of ISF purpura fulminans is not frequently reported in 
Israel or from other countries.

Because serologic cross-reactivity occurs across the 
spotted fever group (SFG) rickettsiae (9) and the primary 
means of diagnosis is through serum antibody assays, ac-
curate distinction between different subspecies requires 

identification of the actual infecting bacterium. This 
cross-reactivity, overlap in geographic distributions, and 
the different clinical severities highlight the need to bet-
ter differentiate between these rickettsial species. A correct 
diagnosis is critical for predicting the pathologic complica-
tions that would arise because of infection (10).

We report a case series of 5 patients with ISF from the 
same geographic area (Sharon District in Israel) (Tables 1, 
2). Four of these case-patients were detected during April–
May 2017. Two case-patients had purpura fulminans and 
both died. These cases were a part of a national outbreak of 
SFG rickettsiosis.

Case-Patient 1
A 75-year-old woman with a history of hypertension, a 
tourist from Ukraine who had been staying with her daugh-
ter in Netanya for the previous 3 months, came to an emer-
gency department in October 2016 with 6 days of fever, 
weakness, and anorexia. She had been exposed to 3 dogs 
at the house of her daughter but had no recollection of tick 
exposure. At admission, she was coherent but in a state of 
septic shock;  she was hypotensive and had a disseminated, 
fern-leaf pattern, purpural rash over her body, including the 
face (Figure 1). Laboratory findings included leukocytosis, 
severe thrombocytopenia (23,000 platelets/µL), hypona-
tremia (sodium level 126 mmol/L), acute renal failure, in-
creased levels of liver enzymes and creatine kinase (CK), 
and disseminated intravascular coagulation (Table 1).

She was admitted to the intensive care unit (ICU) 
and given broad-spectrum antimicrobial drug therapy, in-
cluding intravenous doxycycline. During the next 2 days, 
multiorgan failure, severe jaundice, liver failure, and acute 
lung injury developed, and the rash became bullous with 
clear serous fluid (Figure 2). A skin biopsy specimen from 
a hemorrhagic lesion was obtained and tested by PCR. The 
result was positive for R. conorii subsp. israelensis. Sero-
logic analysis for rickettsia at the time of admission (day 9 
after disease onset) showed no reactivity, but another sam-
ple obtained 10 days later was positive (IgG titer 1:800) for 
SFG rickettsiae.
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Table 1. Laboratory findings at hospitalization for 5 case-patients with Israeli spotted fever, Sharon District, Israel* 
Parameter Reference range Case-patient 1 Case-patient 2 Case-patient 3 Case-patient 4 Case-patient 5 
Leukocytes, cells/L 4,000–11,000 10,700 7,500 5,000 7,700 8,600 
PMNs, % 40–75 87 86 81 85 91 
Platelets/L 150,000–400,000 37,000 73,000 91,000 75,000 139,000 
Sodium, mmol/L 136–145 126 123 130 133 127 
Total bilirubin, mg/dL 0.3–1.4 2.5 0.4 0.9 0.7 0.8 
AST, IU/L 0–32 106 184 167 65 69 
ALT, IU/L 0–33 51 154 139 68 66 
GGT, IU/L 0–40 50 103 62 26 106 
LDH, IU/L 240–480 1044 875 1195 466 536 
Creatinine, mg/dL 0.5–0.9 1.7 1.4 1.0 1.4 1.0 
Creatine kinase, IU/L 39–190 298 1933 152 159 100 
C-reactive protein, mg/L 0–5 122 350 164 88 240 
*ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, -glutamyl transferase; LDH, lactate dehydrogenase; PMN, polymorphonuclear 
leukocytes. 
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The skin lesions became dusky, necrosis appeared at the 
extremities (Figure 3), and there was extensive desquama-
tion. The patient died of candidemia after 14 days in ICU. 

Case-Patient 2
A 51-year-old woman with diabetes, who was mentally re-
tarded and lived in a nursing home was hospitalized in an 
internal medicine ward on May 2017 with fever of no obvi-
ous source. She had no known exposure to dogs or ticks at 
the nursing home. The case-patient was hypotensive at ad-
mission, and laboratory results included a standard leukocyte 
count, thrombocytopenia (73,000 platelets/µL), hyponatre-
mia, acute renal failure, increased levels of CK (1,933 IU/L) 
and liver enzymes, and a C-reactive protein level of 350 mg/L 
(Table 1). She was treated empirically with ceftriaxone.

On the third day of hospitalization, an infectious dis-
eases consultation was performed, and intravenous doxy-
cycline was added to the treatment regimen. She was trans-
ferred to the ICU unit, and the next day a maculopapular 
rash developed, which included the palms and soles; the 
rash rapidly became confluent and bullous, and skin necro-
sis followed.

PCR results for a whole blood sample and a skin biop-
sy specimen were positive for R. conorii subsp. israelensis. 

Serologic analysis on day 6 of the fever showed an IgM ti-
ter >1:100 and a borderline IgG titer of 1:100 for rickettsia. 

Despite treatment with doxycycline, multiorgan fail-
ure developed and the patient died of Pseudomonas aeru-
ginosa bacteremia related to central line infection 3 weeks 
after admission.

Case-Patients 3–5
Three other case-patients were admitted to Laniado Hospi-
tal (Netanya, Israel) during April–May 2017 for fever and 
a maculopapular rash involving the palms that appeared on 
the third or fourth day after fever onset. Two patients had 
exposure to dogs, but none reported exposure to ticks. One 
patient had alcoholism, but he had a benign illness course. 
The diagnosis for 2 patients was made by using PCR for 
skin biopsy specimens, and the diagnosis for the third patient 
was made by using seroconversion. Skin biopsy PCR results 
were positive despite 3–4 days of doxycycline treatment.

Methods

Serologic Analysis
Serologic diagnosis was made by using indirect immuno-
fluorescence assays. Serum samples were obtained from 5 
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Table 2. Clinical characteristics of 5 case-patients with Israeli spotted fever, Sharon District, Israel* 
Characteristic Case-patient 1 Case-patient 2 Case-patient 3 Case-patient 4 Case-patient 5 
Age, y/sex 75/F 51/F 38/ M 48/M 45/M 
Concurrent condition Hypertension Mental retardation, 

diabetes mellitus 
None Alcoholism, HCV 

carrier, IVDU 
Nephrolithiasis, 

psoriasis 
Signs/symptoms at hospitalization      
 Fever Yes Yes Yes Yes Yes 
 Rash Purpura 

fulminans 
Maculopapular, then 
purpura fulminans 

Maculopapular Maculopapular Maculopapular 

 Day of rash from disease onset 6 6 4 4 3 
 Hypotension Yes Yes No No No 
 Multiorgan failure Yes Yes No No No 
 Eschar No No No No No 
 Headache No Unknown Yes No No 
 Confusion No No No No No 
 Myalgia Yes Unknown Yes No No 
Epidemiologic factor      
 Animal exposure Dog Unknown Dog None Dog 
 Tick exposure No No No No No 
Serologic result, day/result      
 First sample 9/nonreactive 6/IgM titer >100, IgG 

titer borderline† 
6/nonreactive 6/nonreactive 5/nonreactive 

 Second sample 19/IgM titer 
nonreactive, IgG 

titer 1:800† 

NR NR NR 19/IgM titer 
>1:100, IgG titer 

1:1,600† 
PCR result, whole 
blood/doxycycline treatment day 

NR +/3 NR NR –/5 

PCR result, skin biopsy 
specimen/doxycycline treatment day 

+/4 +/3 +/4 +/3 –/3 

Doxycycline treatment      
 Day of illness 6 5 5 5 4 
 Day of hospitalization 0 2 0 1 0 
Length of hospitalization, d 14 20 7 4 8 
Outcome Died Died Survived Survived Survived 
*HCV, hepatitis C virus; IVDU, intravenous drug use; NR, not relevant/not obtained; +, positive; –, negative. 
†Results from the Israeli reference laboratory for rickettsial diseases. 

 



SYNOPSIS

patients and tested for antibodies against R. conorii and R. 
typhi as described (11).

DNA Extraction and PCR Detection
We extracted DNA from skin biopsy or whole blood 
specimens from 4 patients by using the QIAamp Mini Kit 
(QIAGEN, Valencia, CA, USA) according to the manufac-
turer’s instructions. We tested samples for SFG rickettsiae 
by using nested PCR to amplify a fragment of the 17-kDa 
protein antigen gene as described (12). For further identifi-
cation, we performed an additional PCR by using primers 
derived from consensus sequences of the rickettsial outer 
membrane protein A gene (213F 5′-AATCAATATTG-
GAGCCGGTAA-3′ and 667R 5′-ATTTGCATCAATC-
GTATAAGTAGC-3′). We analyzed sequences by using 
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi). This 
fragment was identical to that of the Israeli tick typhus rick-
ettsial outer membrane protein A gene (GenBank accession 
no. U83441.1).

Discussion
SFG rickettsial disease is endemic to Israel and might be 
related to deaths of infected patients. However, manifes-
tation of ISF as primary purpura fulminans has been de-
scribed only rarely. Thus, we report patients with rickettsial 
disease and purpura fulminans.

Among various species of SFG rickettsiae, the types 
known to be associated with patient deaths are R. rickett-
sii (agent of Rocky Mountain spotted fever); R. conorii of 
the subtypes conorii, israelensis, and indica; and rarely R. 
australis (13). Although patient deaths are associated with 
vasculitis and multiorgan failure, purpura fulminans as 
part of the clinical presentation is a feature seen only for a 
small subset of the species, namely R. rickettsii, R. austra-
lis (14), and probably R. conorii subsp. indica. R. conorii 

subsp. indica was reported in several case series from the 
Indian subcontinent as a cause of fern-leaf pattern purpura, 
although the specific rickettsial subtype was infrequently 
identified in these studies (15–20).

Purpura fulminans is not a typical feature of ISF in re-
views and in case series from Israel and other countries to 
which R. conorii subsp. israelensis is endemic (5,6,21). Al-
though there are reports of deaths of patients in Israel who 
had a clinical picture suspected initially to be meningococ-
cemia, fern-leaf purpura, as for 2 of our case-patients, was 
not part of the clinical descriptions (22). We have found 
only 1 case report of R. conorii subsp. israelensis infection 
and purpura fulminans (23). We report 2 additional cases.

The type of severe skin damage in the 2 case-patients 
we report is not the natural history of fatal spotted fever 
cases because it has not been described in other patients dy-
ing of ISF. The severe and confluent skin lesions undoubt-
edly contributed to bloodstream infections, leading to death 
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Figure 2. Case-patient 1, a 75-year-old woman with Israeli 
spotted fever and purpura fulminans, Sharon District, Israel, 7 
days after hospitalization. A rash on the legs that had become 
bullous and contained clear serous fluid is shown.

Figure 1. Case-patient 1, a 75-year-old woman with Israeli 
spotted fever and purpura fulminans, Sharon District, Israel, 3 
days after hospitalization. Diffuse fern-leaf pattern of purpura and 
newly formed bulla on the legs are shown.

Figure 3. Case-patient 1, a 75-year-old woman with Israeli 
spotted fever and purpura fulminans, Sharon District, Israel, 14 
days after hospitalization. Dusky skin lesions on the legs, necrosis 
at the extremities, and extensive desquamation are shown.
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in both cases. Because the differential diagnosis of purpura 
fulminans in Israel usually includes microorganisms other 
than rickettsiae, this deadly, unreported, unique, and poten-
tially misleading manifestation of ISF must be recognized 
and treated in a timely fashion.

The clinical presentation of case-patients in this case 
series was typical of ISF and compatible with other case 
series of ISF (Table 2) (5,24). The reasons why 2 of these 
patients died and the other 3 patients had relatively mild 
disease is not entirely clear. Both case-patients who died 
were older; had hypotension, purpura fulminans, multior-
gan failure, and acute renal failure; and showed increased 
levels of CK. Delay in doxycycline administration was evi-
dent for case-patient 1 (day 6 after illness onset) because 
she was hospitalized at a later time. A delay in doxycy-
cline administration during medical observation occurred 
for case-patient 2, although treatment was given on day 5 
after disease onset, which was similar to the timing for the 
3 case-patients who survived.

We sequenced rickettsiae isolated from the 2 case-
patients who died; both were positive for R. conorii subsp. 
israelensis. However, we did not perform sequencing for 
isolates from the other 2 case-patients who were positive 
by PCR for the SFG rickettsiae. These findings suggest that 
disease severity might be related to the specific subtype, 
and not to host factors, but further research is required. Al-
coholism has been reported a risk factor for fatal disease 
(5), but the patient in this case series who had alcoholism 
had a benign course of illness.

With regards to epidemiologic, clinical, and labora-
tory findings, as expected, none of our patients had an es-
char or known exposure to ticks. One patient had diarrhea, 
but 2 patients had constipation. All 5 case-patients had 
rash and laboratory abnormalities typical of ISF (Table 1), 
as described (24).

As previously reported (6,24), serologic analysis was 
not useful in the diagnosis of ISF because results were non-
reactive for all case-patients early in the disease course and 
positive for 2 case-patients tested during the convalescent 
period (19 days after disease onset). In contrast, whole 
blood and skin biopsy specimen PCRs were helpful in ob-
taining a diagnosis. PCR results for skin biopsy specimens 
were positive for 4 of the 5 case-patients even though these 
PCRs were performed for 4 patients 3–4 days after doxycy-
cline therapy was begun. The 1 case-patient with a negative 
PCR result for a skin biopsy specimen also had no inflam-
matory changes by histologic analysis, Thus, the negative 
PCR result for this patient probably represented a sampling 
error and not a false-negative result.

PCR for whole blood was performed for 2 patients: 
case-patient 2 showed a positive result after 3 days of 
doxycycline therapy, and case-patient 5 showed a nega-
tive result after 5 days of doxycycline therapy. Reduced 

sensitivity of whole blood PCR after beginning antimicro-
bial drug therapy has been reported (24). For the 4 case-
patients with positive PCR results for skin biopsy speci-
mens, the pathology report did not indicate a diagnosis of 
rickettsiosis, describing either intravascular coagulation 
and no vasculitis for the 2 patients who died and perivas-
cular minimal lymphocytic infiltration not consistent with 
rickettsiosis for the other 2 patients.

Our cluster was a part of an outbreak throughout Is-
rael during the spring and summer of 2017. This outbreak 
included deaths of 2 healthy young persons. One of these 
persons was a 15-year-old boy from the Sharon District. 
During July 2017, the Israeli Ministry of Health reported on 
an increased incidence of spotted fever cases (11 cases dur-
ing January–May 2017); the yearly average is 6 cases (25).

In summary, during the spring and summer of 2017, 
there was an increased incidence of spotted fever in Israel, 
causing the deaths of 4 patients. Three of these patients ac-
quired the disease in the Sharon District, and 2 were seen 
in our facility. Two of the case-patients who died were con-
firmed by sequencing to be infected with R. conorii subsp. 
israelensis; both of these patients had purpura fulminans 
and multiorgan failure. Purpura fulminans should increase 
the suspicion of ISF, along with other better-described 
pathogens, such as Neisseria meningitidis, and diagnostic 
and therapeutic measures must be taken urgently.

PCR of skin biopsy specimens is useful in provid-
ing a rapid and accurate diagnosis, even if performed 3–4 
days after beginning of treatment, and PCR of whole blood 
might also show positive results during antimicrobial drug 
treatment early in the disease course. Histopathologic re-
sults for skin lesions might be inaccurate and cause a delay 
in diagnosis or an erroneous diagnosis. Features of R. cono-
rii subsp. israelensis should be further explored primarily 
by performing genetic sequencing of all isolates from cases 
of spotted fever diagnosed in Israel to distinguish it from 
other spotted fever rickettsiae or R. conorii subsp. conorii 
that might cause a less aggressive disease.
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To determine trends, mortality rates, and costs of antimi-
crobial resistance in invasive bacterial infections in hospi-
talized children, we analyzed data from Angkor Hospital 
for Children, Siem Reap, Cambodia, for 2007–2016. A 
total of 39,050 cultures yielded 1,341 target pathogens. 
Resistance rates were high; 82% each of Escherichia coli 
and Klebsiella pneumoniae isolates were multidrug resis-
tant. Hospital-acquired isolates were more often resistant 
than community-acquired isolates; resistance trends over 
time were heterogeneous. K. pneumoniae isolates from 
neonates were more likely than those from nonneonates 
to be resistant to ampicillin–gentamicin and third-genera-
tion cephalosporins. In patients with community-acquired 
gram-negative bacteremia, third-generation cephalosporin 
resistance was associated with increased mortality rates, 
increased intensive care unit admissions, and 2.26-fold 
increased healthcare costs among survivors. High anti-
microbial resistance in this setting is a threat to human 
life and the economy. In similar low-resource settings, our 
methods could be reproduced as a robust surveillance 
model for antimicrobial resistance.

Worldwide, invasive bacterial infections are a lead-
ing cause of childhood deaths, mostly in low- 

and middle-income countries (1). Management of such  

infections is threatened by the rising prevalence of anti-
microbial resistance (AMR), particularly among neonates 
(2). However, data on AMR in invasive bacterial infec-
tions in children from low- and middle-income countries 
are scarce (3–6).

To combat the global threat of AMR, improved sur-
veillance to detect emerging and long-term resistance 
trends is vital (7). Several global initiatives, such as the 
Fleming Fund, have been recently established to improve 
laboratory capacity in low- and middle-income countries 
(7,8), and the World Health Organization (WHO) Global 
Antimicrobial Resistance Surveillance System (GLASS) 
(9) has targeted 6 invasive pathogens for routine antimi-
crobial resistance surveillance: Escherichia coli, Klebsiella 
pneumoniae, Acinetobacter baumannii, Salmonella spp., 
Staphylococcus aureus, and Streptococcus pneumoniae. 
Monitoring resistance in these pathogens is particularly 
important for invasive bacterial infections in children in 
low- and middle-income countries, where most treatment is 
empirically prescribed and must be based on reliable con-
temporaneous resistance data to be effective.

Recent systematic reviews of AMR in invasive bac-
terial infections in children highlight the paucity of data 
available and do not report temporal resistance trends (5,6). 
In addition, although recent studies indicate excess deaths 
caused by AMR in low- and middle-income countries (10), 
there is limited evidence describing the economic and mor-
tality burden of resistance at the patient level, particularly 
among children.

We analyzed 10 years of continuous AMR surveil-
lance data for invasive bacterial infections in children from 
a sentinel surveillance site in Cambodia and describe re-
sistance trends over time, by age group, and by site of ac-
quisition (community or hospital). To evaluate the excess 
deaths and cost burden associated with third-generation 
cephalosporin resistance in community-acquired gram-
negative bacteremia in hospitalized children, we analyzed 
patient-level data.
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Methods

Study Design and Sample Selection
Angkor Hospital for Children is an ≈100-bed nongov-
ernmental hospital in Siem Reap, Cambodia. Of children 
admitted, around two thirds reside in Siem Reap Prov-
ince (11), where the incidence of poverty exceeds 50% 
(12); 93% are admitted from the community and 7% are 
transferred from another hospital (P. Turner, unpub data). 
Because this hospital has no maternity/obstetric ward, all 
children are born outside the hospital. Blood cultures are 
routinely taken from febrile (axillary temperature >37.5°C) 
hospitalized patients, according to clinical algorithms, at no 
patient cost. 

We reviewed hospital microbiology data for 2007–
2016 and extracted AMR data for selected blood culture 
and cerebrospinal fluid (CSF) culture isolates. Target or-
ganisms consisted of the 6 GLASS blood culture priority 
pathogens (9), Neisseria meningitidis (a vaccine-prevent-
able pathogen), and non-GLASS pathogens for which >30 
organisms were isolated over the study period. We includ-
ed in the study the first isolate of a given organism per pa-
tient per 14-day infection episode, except for Salmonella 
spp., for which we included only the first isolate per patient 
to avoid double counting potential relapses. Clinical data 
were extracted from hospital patient records. The study was 
approved by the Angkor Hospital for Children Institutional 
Review Board (AHC-IRB, 0185-17) and the Oxford Tropi-
cal Research Ethics Committee (OxTREC, 508-17).

Procedures and AMR Reporting
We processed blood and CSF culture specimens as de-
scribed elsewhere (11,13). Antimicrobial susceptibility 
testing was undertaken by disk diffusion and Etest MIC, 
according to Clinical and Laboratory Standards Institute 
guidelines (14) (online Technical Appendix Methods and 
Table 1, https://wwwnc.cdc.gov/EID/article/24/5/17-1830-
Techapp1.pdf). Resistance proportions are reported as 
number of resistant isolates/number of isolates tested.

Outcome Analyses
We included in patient outcome analyses community-ac-
quired monomicrobial Enterobacteriaceae (excluding Sal-
monellae) and A. baumannii bacteremia. These pathogens 
represent common causes of sepsis in children worldwide 
where third-generation cephalosporins would be a first-
line/empiric treatment. We obtained clinical and costing 
data from hospital records and calculated cost per patient 
as admission cost plus antimicrobial costs.

Statistical Analyses
We treated isolates from specimens taken within 48 hours 
of admission as community-acquired infections and  

after 48 hours as hospital-acquired infections. However,  
Salmonella enterica serotypes Typhi and Paratyphi and 
Burkholderia pseudomallei isolates were always consid-
ered community-acquired infections. To ensure sufficient 
data per period, we grouped isolates into 2-year blocks. We 
assessed associations between resistance and year of isola-
tion, patient age group, and site of acquisition (community 
vs. hospital) by univariable and multivariable logistic re-
gression. Multivariable models included all variables. Ac-
cording to assessment of model fit by calculation of Akaike 
information criterion and plotting of observed versus pre-
dicted data, we considered time (year of isolation) a factor 
unless otherwise stated.

For the outcome analyses, we used univariable anal-
ysis to compare variables by third-generation cephalo-
sporin resistance status and patient outcome by using the 
Mann-Whitney-Wilcoxon rank-sum test for continuous 
variables and the χ2 test with Yates correction for cat-
egorical variables. For multivariable logistic regression, 
outcome variables were hospital deaths and intensive 
care unit (ICU) admissions, and covariates were resis-
tance, age group, age <10 years, malnutrition, sex, and 
organism type (Enterobacteriaceae vs. A. baumannii). 
We conducted multivariable linear regression by using 
admission duration and cost for survivors as outcome 
variables and using the same covariates. The linear 
model variables were log transformed, and results are 
presented with log- and back-transformed coefficients, 
which is interpreted as a multiplicative rather than an 
additive model. Analyses were undertaken by using the 
R statistical package (15).

Results
During the 10-year study period, 39,050 sterile site samples 
were collected for culture: 36,358 (93.1%) blood and 2,692 
(6.9%) CSF (online Technical Appendix Figure 1). The 
sampling rate, indicated by the blood culture:hospital ad-
mission ratio, rose throughout the study period as utility of 
the clinical microbiology service increased. Approximately 
1 blood culture was sent for every 3 admissions in 2007 
(1,293 blood cultures:3,829 admissions), rising to 1 blood 
culture per admission in 2013 (5,294 blood cultures:5,208 
admissions) and subsequently remaining stable (online 
Technical Appendix Figure 2). From 2012 through 2016, 
the proportion of blood cultures from neonates rose from 
9.1% to 21.2%, and the proportion from children >5 years 
of age dropped from 35.4% to 22.4% (online Technical Ap-
pendix Table 2).

Of the 39,050 specimens collected, 3,666 (9.4%) were 
culture positive, yielding 4,028 isolates. Skin organism con-
tamination was identified in 1,937 (5.3%) blood cultures. 
Clearly pathogenic bacteria comprised 37.5% (1,512) of 
isolates grown, 9.1% (366) were of uncertain significance, 
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and 53.4% (2,150) were designated skin contaminants. A 
total of 1,341 target organisms met inclusion criteria; 1,088 
(81.1%) were GLASS pathogens and 253 (18.9%) were 
non-GLASS pathogens. GLASS pathogens were Salmo-
nella spp. (408, 30.4%); S. aureus (186, 13.9%); S. pneu-
moniae (166, 12.4%); K. pneumoniae (146, 10.9%); E. coli 
(107, 8.0%); and A. baumannii (75, 5.6%).

Overall AMR Rates 
Overall AMR rates were high, especially among gram-
negative GLASS organisms (Table 1). Ampicillin–genta-
micin resistance (resistance to both agents) was detected 
in 62.1% (90/145) of K. pneumoniae isolates and 47.2% 
(50/106) of E. coli isolates. Third-generation cephalo-
sporin resistance was detected in 78.8% (115/146) of  

K. pneumoniae isolates, 49.5% (53/107) of E. coli iso-
lates, and 93.3% (70/75) of A. baumannii isolates; multi-
drug resistance in these 3 organisms was 81.8% (108/132), 
82.1% (69/84), and 93.3% (70/75), respectively. Carbape-
nem resistance was uncommon: <1% of K. pneumoniae 
(1/142) and E. coli isolates (0/98) and 13.5% (10/74) of 
A. baumannii isolates were resistant.

Resistance differed greatly among the 3 groups of 
Salmonella spp. The proportion of resistant isolates was 
highest for Salmonella Typhi: 95.7% (308/322) were 
fluoroquinolone resistant, 86.0% (270/314) multidrug re-
sistant, and 85.0% (266/313) fluoroquinolone and multi-
drug resistant. The least resistant group was Salmonella 
Paratyphi A: 22.7% (10/44) of isolates were fluoroquino-
lone resistant and none were multidrug resistant (0/43).  
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Table 1. Resistance proportions by year of isolation for the 1,088 Global Antimicrobial Resistance Surveillance System pathogens 
isolated from children at Angkor Hospital for Children, Siem Reap, Cambodia, 2007–2016* 

Pathogen, resistance type 
No. isolates  

resistant/no. tested (%) 
Year of isolation 

2007–2008 2009–2010 2011–2012 2013–2014 2015–2016 
Gram-negative       
 Klebsiella pneumoniae 146 11 17 56 42 20 
  AMP–GEN† 90/145 (62.1) 5/11 (45.5) 10/16 (62.5) 46/56 (82.1) 26/42 (61.9) 3/20 (15.0) 
  3GC 115/146 (78.8) 8/11 (72.7) 13/17 (76.5) 50/56 (89.3) 37/42 (88.1) 7/20 (35.0) 
  Carbapenem 1/142 (0.7) 0/8 0/16 0/56 1/42 (2.4) 0/20 
  Multidrug 108/132 (81.8) 8/8 (100) 12/12 (100) 45/50 (90.0) 36/42 (85.7) 7/20 (35.0) 
 Escherichia coli 107 12 22 21 30 22 
  AMP–GEN 50/106 (47.2) 4/12 (33.3) 12/21 (57.1) 8/21 (38.1) 17/30 (56.7) 9/22 (40.9) 

 AMP 101/107 (94.4) 10/12 (83.3) 21/22 (95.5) 21/21 (100) 28/30 (93.3) 21/22 (95.5) 
 GEN 51/106 (48.1) 4/12 (33.3) 12/21 (57.1) 8/21 (38.1) 18/30 (60.0) 9/22 (40.9) 

  3GC 53/107 (49.5) 3/12 (25.0) 11/22 (50.0) 11/21 (52.4) 16/30 (53.3) 12/22 (54.5) 
   Carbapenem 0/98 0/3 0/22 0/21 0/30 0/22 
  Multidrug  69/84 (82.1) 3/3 (100) 13/13 (100) 15/16 (93.8) 23/30 (76.7) 15/22 (68.2) 
 Acinetobacter baumannii 75 2 7 30 27 9 
  3GC 70/75 (93.3) 2/2 (100) 6/7 (85.7) 27/30 (90.0) 27/27 (100) 8/9 (88.9) 
  Carbapenem 10/74 (13.5) 1/2 (50.0) 1/6 (16.7) 5/30 (16.7) 3/27 (11.1) 0/9 
  Multidrug  21/71 (29.6) 1/2 (50.0) 2/6 (33.3) 9/27 (33.3) 8/27 (29.6) 1/9 (11.1) 
 Salmonella Typhi 323 44 51 146 40 42 
  FQ 308/322 (95.7) 39/44 (88.6) 48/51 (94.1) 139/145 (95.9) 40/40 (100) 42/42 (100) 
  CRO 1/173 (0.6) 0/44 1/21 (4.8) 0/26 0/40 0/42 
  MDR 270/314 (86.0) 31/41 (75.6) 39/47 (83.0) 134/144 (93.1) 35/40 (87.5) 31/42 (73.8) 
  FQ and multidrug 266/313 (85.0) 30/41 (73.2) 38/47 (80.9) 132/143 (92.3) 35/40 (87.5) 31/42 (73.8) 
 Salmonella Paratyphi A 44 3 0 0 35 6 
  FQ 10/44 (22.7) 3/3 (100) 

  
4/35 (11.4) 3/6 (50.0) 

  CRO 0/44 0/3   0/35 0/6 
  MDR 0/43 0/2 

  
0/35 0/6 

  FQ and multidrug 0/0 0/0   0/0 0/0 
 Non-Typhoid Salmonellae 41 7 4 7 9 14 
  FQ 26/41 (63.4) 4/7 (57.1) 2/4 (50.0) 4/7 (57.1) 6/9 (66.7) 10/14 (71.4) 
  CRO 3/37 (8.1) 0/7 0/4 1/3 (33.3) 0/9 2/14 (14.3) 
  Multidrug 9/39 (23.1) 3/7 (42.9) 1/2 (50.0) 2/7 (28.6) 2/9 (22.2) 1/14 (7.1) 
  FQ and multidrug 5/39 (12.8) 3/7 (42.9) 1/2 (50.0) 0/7 0/9 1/14 (7.1) 
Gram-positive       
 Staphylococcus aureus 186 26 38 43 42 37 
  MET 24/185 (13.0) 3/26 (11.5) 4/38 (10.5) 8/42 (19.0) 3/42 (7.1) 6/37 (16.2) 
  VAN 0/9 0/0 0/0 0/0 0/3 0/6 
 Streptococcus pneumoniae 166 17 36 40 41 32 
  Penicillin 73/144 (50.7) 5/9 (55.6) 10/23 (43.5) 16/39 (41.0) 20/41 (48.8) 22/32 (68.8) 
  MAC/LIN 49/165 (29.7) 5/17 (29.4) 10/35 (28.6) 12/40 (30.0) 11/41 (26.8) 11/32 (34.4) 
  MDR 63/93 (67.7) 0/0 0/0 10/20 (50.0) 26/41 (63.4) 27/32 (84.4) 
*Resistance proportions are reported as no. resistant isolates/no. isolates tested. Blank cells indicate that no organisms were tested during that period and, 
thus, the proportion of resistant organisms is unknown. 3GC, third-generation cephalosporin; AMP–GEN, resistance to both ampicillin and gentamicin; CRO, 
ceftriaxone; FQ, fluoroquinolone; MDR, multidrug resistant; MAC/LIN, resistance to macrolides and/or lincosamides; MET, methicillin; VAN, vancomycin.  
†K. pneumoniae is intrinsically resistant to AMP, and thus AMP–GEN resistance in K. pneumoniae isolates is equivalent to GEN resistance. 
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Resistance in nontyphoidal Salmonella spp. fell between 
that of Salmonella Typhi and Paratyphi A: 63.4% (26/41) 
of isolates were fluoroquinolone resistant, 23.1% (9/39) 
multidrug resistant, and 12.8% (5/39) fluoroquinolone and 
multidrug resistant. Only 1.6% (4/254) of Salmonella spp. 
isolates were ceftriaxone resistant.

In gram-positive GLASS organisms, approximately 
one third of S. pneumoniae isolates were macrolide/lin-
cosamide resistant (29.7%, 49/165), half were penicillin 
resistant (50.7%, 73/144), and two thirds were multidrug 
resistant (67.8%, 63/93). Only 13.0% (24/185) of S. aureus 
isolates were methicillin resistant.

The most frequently isolated non-GLASS pathogen 
was Burkholderia pseudomallei, the causative agent of 
melioidosis (26.1%, 66), which was universally sensitive 
to the first-line drugs ceftazidime and co-trimoxazole 
(Table 2). Next was Haemophilus influenzae, for which 
approximately half of isolates were ampicillin resistant 
(53.6%, 30/56) and one third multidrug resistant (37.1%, 
13/35), followed by Enterobacter cloacae, which had a 
similar resistance profile to K. pneumoniae and E. coli.  
The remaining non-GLASS pathogens (group A Strep-
tococcus, Pseudomonas aeruginosa, and Neisseria men-
ingitides) exhibited low-level resistance to the key anti-
microbials reported.

AMR Time Trends 
The most frequently isolated organisms were K. pneu-
moniae, E. coli, Salmonella Typhi, S. aureus, and S. 
pneumoniae; AMR time trends were heterogeneous (Ta-
bles 1, 3–5; Figure 1). S. pneumoniae penicillin resistance  

fluctuated over time; 55.6% (5/9) of isolates were resistant 
in 2007–2008, dropping to 41.0% (16/39) in 2011–2012 
before rising to 68.8% (22/32) in 2015–2016. During 
2011–2016, when we tested S. pneumoniae for multi-
drug resistance, the proportion of multidrug-resistant S. 
pneumoniae isolates increased from 50.0% to 84.4%. Sal-
monella Typhi fluoroquinolone resistance also increased 
over the study period, from 88.6% to 100%. Multivariable 
logistic regression analysis in which time was a continu-
ous variable showed an increased probability of Salmo-
nella Typhi fluoroquinolone resistance over time (adjust-
ed odds ratio [aOR] 2.14, 95% CI 1.29–3.74; p = 0.005), 
although not statistically significant in the model when 
time was a factor (online Technical Appendix Table 3 and 
Figure 3). Conversely, during 2015–2016, the proportion 
of resistant K. pneumoniae isolates fell dramatically for 
most antimicrobials tested, a phenomenon not seen for E. 
coli (online Technical Appendix Table 4). For E. coli, am-
picillin–gentamicin and third-generation cephalosporin 
resistance remained stable at ≈50% with no evidence of 
significant change over time, as did rates of methicillin-
resistant S. aureus, which remained low throughout the 
study period. The proportion of K. pneumoniae isolates 
from neonates peaked in 2011–2014 at 46%–50% before 
dropping in 2015–2016 to 35% (online Technical Ap-
pendix Table 5), paralleling the change in the proportion 
of resistant isolates seen. To determine any subtle shifts 
in susceptibility, we examined changes in zone diameter 
distribution over time for E. coli and K. pneumoniae and 
found no clear trends (online Technical Appendix Table 
6, Figures 4, 5).
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Table 2. Resistance proportions by year of isolation for the 253 non-Global Antimicrobial Resistance Surveillance System pathogens 
isolated from children at Angkor Hospital for Children, Siem Reap, Cambodia, 2007–2016* 

Pathogen, resistance type 
No. isolates  

resistant/no. tested (%) 
Year of isolation 

2007–2008 2009–2010 2011–2012 2013–2014 2015–2016 
Burkholderia pseudomallei 66 6 10 13 22 15 
 CAZ 0/66 0/6 0/10 0/13 0/22 0/15 
 TMP/SXT 0/61 0/2 0/10 0/12 0/22 0/15 
Haemophilus influenzae 57 15 15 9 12 6 
 AMP 30/56 (53.6) 5/14 (35.7) 10/15 (66.7) 7/9 (77.8) 8/12 (66.7) 0/6 
 CRO 3/57 (5.3) 1/15 (6.7) 1/15 (6.7) 0/9 1/12 (8.3) 0/6 
 Multidrug 13/35 (37.1) 0/0 5/10 (50.0) 5/7 (71.4) 3/12 (25.0) 0/6 
Enterobacter cloacae 42 2 6 8 17 9 
 AMP֪–GEN 19/42 (45.2) 1/2 (50.0) 5/6 (83.3) 5/8 (62.5) 6/17 (35.3) 2/9 (22.2) 
 3GC 34/42 (81.0) 1/2 (50.0) 5/6 (83.3) 7/8 (87.5) 14/17 (82.4) 7/9 (77.8) 
 Carbapenem 3/41 (7.3) 0/1 0/6 0/8 2/17 (11.8) 1/9 (11.1) 
 Multidrug 18/37 (48.6) 1/1 (100) 2/2 (100) 5/8 (62.5) 7/17 (41.2) 3/9 (33.3) 
Group A Streptococcus 38 2 6 6 13 11 
 MAC/LIN 6/37 (16.2) 0/2 1/5 (20.0) 0/6 2/13 (15.4) 3/11 (27.3) 
Pseudomonas aeruginosa 37 7 6 7 9 8 
 CAZ 4/34 (11.8) 0/4 1/6 (16.7) 1/7 (14.3) 2/9 (22.2) 0/8 
 Carbapenem 2/30 (6.7) 0/1 0/5 1/7 (14.3) 0/9 1/8 (12.5) 
 Multidrug 0/29 0/0 0/5 0/7 0/9 0/8 
Neisseria meningitidis 13 6 3 0 2 2 
 CRO 1/13 (7.7) 0/6 1/3 (33.3) 

 
0/2 0/2 

*Resistance proportions have been reported as number of resistant isolates out of number of isolates tested. Blank cell indicates that no organisms were 
tested during that period and, thus, the proportion of resistant organisms is unknown. 3GC, third-generation cephalosporin; AMP–GEN, resistance to both 
ampicillin and gentamicin; CAZ, ceftazidime; CRO, ceftriaxone; MAC/LIN, resistance to macrolides and/or lincosamides; TMP/SXT, 
trimethoprim/sulfamethoxazole. 
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AMR by Patient Age Group
Isolates from younger children were more often resistant 
to clinically important antimicrobials (Tables 3–5; Figure 
2; online Technical Appendix Tables 7–9). Multivariable 

logistic regression controlling for year of isolation and 
site of acquisition indicated that K. pneumoniae isolates 
from neonates were >7 times more likely to be resistant 
to the first-line treatment agents ampicillin–gentamicin 
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Table 3. Logistic regression analysis of resistance trends for the gram-negative Global Antimicrobial Resistance Surveillance System 
pathogens Klebsiella pneumoniae and Escherichia coli isolated from children at Angkor Hospital for Children, Siem Reap, Cambodia, 
2007–2016* 
Pathogen, resistance type, 
predictor variable 

Univariable analysis 
 

Multivariable analysis 
OR (95% CI) p value OR (95% CI) p value 

Klebsiella pneumoniae      
 AMP–GEN      
  Year of isolation      
   2007–2008 Ref Ref  Ref Ref 
   2009–2010 2.00 (0.42–10.03) 0.384  1.31 (0.23–7.88) 0.765 
   2011–2012 5.52 (1.41–22.90) 0.015  2.61 (0.58–12.45) 0.213 
   2013–2014 1.95 (0.51–7.80) 0.329  0.59 (0.12–2.85) 0.504 
   2015–2016 0.21 (0.03–1.12) 0.075  0.06 (0.01–0.41) 0.006 
  Patient age      
   Nonneonate Ref Ref  Ref Ref 
   Neonate† 5.63 (2.61–13.10) <0.001  7.30 (2.75–22.47) <0.001 
  Infection type‡      
   Community-acquired Ref Ref  Ref Ref 
   Hospital-acquired 3.87 (1.81–8.51) <0.001  3.62 (1.42–9.58) 0.008 
 3GC      
  Year of isolation      
   2007–2008 Ref Ref  Ref Ref 
   2009–2010 1.22 (0.20–7.02) 0.823  0.87 (0.13–5.60) 0.881 
   2011–2012 3.13 (0.57–14.69 0.156  1.37 (0.23–7.16) 0.716 
   2013–2014 2.78 (0.49–13.93) 0.218  0.97 (0.15–5.58) 0.973 
   2015–2016 0.20 (0.03–0.94) 0.052  0.06 (0.01–0.39) 0.005 
  Patient age      
   Nonneonate Ref Ref  Ref Ref 
   Neonate 6.41 (2.32–22.70) 0.001  7.50 (2.16–35.00) 0.004 
  Infection type      
   Community-acquired Ref Ref  Ref Ref 
   Hospital-acquired 4.04 (1.76–9.44) 0.001  3.51 (1.27–10.12) 0.017 
Escherichia coli      
 AMP–GEN      
  Year of isolation      
   2007–2008 Ref Ref  Ref Ref 
   2009–2010 2.67 (0.63–12.75) 0.194  2.86 (0.66–14.13) 0.174 
   2011–2012 1.23 (0.28–5.86) 0.785  0.95 (0.20–4.75) 0.947 
   2013–2014 2.62 (0.67–11.63) 0.179  2.25 (0.53–10.72) 0.282 
   2015–2016 1.38 (0.33–6.50) 0.665  1.03 (0.22–5.11) 0.975 
  Patient age      
   Nonneonate Ref Ref  Ref Ref 
   Neonate 1.04 (0.42–2.57) 0.924  0.75 (0.27–2.01) 0.568 
  Infection type      
   Community-acquired Ref Ref  Ref Ref 
   Hospital-acquired 2.33 (1.04–5.33) 0.041  2.92 (1.21–7.44) 0.020 
 3GC      
  Year of isolation      
   2007–2008 Ref Ref  Ref Ref 
   2009–2010 3.00 (0.68–16.38) 0.165  4.04 (0.79–26.54) 0.112 
   2011–2012 3.30 (0.74–18.21) 0.134  2.47 (0.45–16.60) 0.319 
   2013–2014 3.43 (0.83–17.83) 0.105  3.07 (0.60–19.99) 0.201 
   2015–2016 3.60 (0.82–19.73) 0.106  2.44 (0.45–16.13) 0.319 
  Patient age      
   Nonneonate Ref Ref  Ref Ref 
   Neonate 0.92 (0.37–2.27) 0.861  0.41 (0.12–1.26) 0.131 
  Infection type      
   Community-acquired Ref Ref  Ref Ref 
   Hospital-acquired 7.50 (3.09–20.01) <0.001  10.14 (3.70–32.14) <0.001 
*3GC, third-generation cephalosporin; AMP–GEN, resistance to both ampicillin and gentamicin; OR, odds ratio; ref, referent. 
†Neonate, 0–28 d of age. 
‡Isolates were defined as hospital-acquired if taken >48 hours after admission. 
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(aOR 7.30, 95% CI 2.75–22.47) and third-generation 
cephalosporins (aOR 7.50, 95% CI 2.16–35.00) than were 
isolates from nonneonates. Similarly, S. pneumoniae iso-
lates were more likely to be penicillin resistant (aOR 3.87, 
95% CI 1.77–8.83) and Salmonella Typhi isolates more 
likely to be multidrug resistant (aOR 3.16, 95% CI 1.28- 
9.57) among children <5 years of age than among those 
>5 years of age. 

AMR by Site of Infection Acquisition
Approximately four fifths of included isolates were from 
community-acquired infections (1,089, 81.2%) and one 
fifth from hospital-acquired infections (252, 18.8%). In 
almost all instances, the proportion of hospital-acquired 
isolates resistant to a given antimicrobial was higher than 
that of community-acquired isolates (online Technical Ap-
pendix Tables 10–12). K. pneumoniae, the main cause of 
hospital-acquired infections, was >3 times more likely to 
be resistant to ampicillin–gentamicin (aOR 3.62, 95% CI 
1.42–9.58) and third-generation cephalosporins (aOR 3.51, 
95% CI 1.27–10.12) in hospital-acquired isolates (Tables 
3, 4). Increased likelihood of resistance among hospital-
acquired isolates was also found for E. coli ampicillin–gen-
tamicin and third-generation cephalosporin resistance and 
S. aureus methicillin resistance.

Outcomes
We analyzed patient outcomes for 129 admission episodes 
for community-acquired monomicrobial gram-negative 
bacteremia (online Technical Appendix Figure 6). Of these, 
63 (48.8%) isolates were resistant to third-generation ceph-
alosporins and 34 admissions (26.4%) resulted in patient 

death. Isolates consisted of E. coli (48, 37.2%), K. pneu-
moniae (31, 24.0%), A. baumannii (29, 22.5%), and other 
pathogenic Enterobacteriaceae (21, 16.3%). Neonates ac-
counted for 26.4% (34) of the cases; median age was 8.6 
months (interquartile range [IQR] 0.8–29.2 months).

Children from whom third-generation cephalosporin-
resistant bacteria were isolated were less likely than other 
patients to have received appropriate antimicrobial ther-
apy (57% vs. 94%; p<0.001). If appropriate therapy was 
received, it was initiated later for children infected with 
third-generation–resistant than third-generation–sensitive 
organisms (2 days vs. 0 days after admission for those 
who survived [p<0.001]; 0.5 days vs. 0 days for those 
who died [p = 0.004]). Patients who died were younger 
(median age 1.4 vs. 10.2 months; p = 0.002), were more 
likely to have been admitted to an ICU (88% vs. 27%; 
p<0.001), stayed for a shorter time in hospital (3 vs. 8 
days; p<0.001), and were more likely to have been in-
fected with Enterobacteriaceae than A. baumannii (97% 
vs. 71%; p = 0.003) (online Technical Appendix Table 
13). A. baumannii infections were associated with high 
levels of third-generation cephalosporin resistance (90%) 
but a low mortality rate (3%) despite only 48% of patients 
having received appropriate antimicrobials. Conversely, 
Enterobacteriaceae infections were associated with a 
high mortality rate (33%) despite 84% of patients hav-
ing received appropriate antimicrobials (online Technical 
Appendix Table 14).

Multivariable logistic regression (Table 6) showed 
that third-generation cephalosporin resistance was associ-
ated with death (aOR 2.65, 95% CI 1.05–6.96; p = 0.042) 
and ICU admission (aOR 3.17, 95% CI 1.31–8.10; p = 
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Table 4. Logistic regression analysis of resistance trends for the gram-negative Global Antimicrobial Resistance Surveillance  
System pathogen Salmonella enterica serovar Typhi isolated from children at Angkor Hospital for Children, Siem Reap, Cambodia, 
2007–2016* 
Resistance type, predictor 
variable 

Univariable analysis 
 

Multivariable analysis 
OR (95% CI) p value OR (95% CI) p value 

Fluoroquinolone      
 Year of isolation      
  2007–2008 Ref Ref  Ref Ref 
  2009–2010 2.05 (0.47–10.51) 0.345  1.85 (0.42–9.59) 0.422 
  2011–2012 2.97 (0.82–10.37) 0.085  3.05 (0.83–10.74) 0.080 
  2013–2014 4.03  107 (6.26  1045–) 0.992  3.47  107 (9.49  1044–) 0.992 
  2015–2016 4.03  107 (1.11  1043–) 0.992  4.14  107 (6.26  1043–) 0.991 
 Patient age, y      
  >5 Ref Ref  Ref Ref 
  <5 4.48 (0.87–82.12) 0.151  4.57 (0.87–84.30) 0.150 
Multidrug       
 Year of isolation      
  2007–2008 Ref Ref  Ref Ref 
  2009–2010 1.57 (0.56–4.58) 0.395  1.45 (0.50–4.29) 0.491 
  2011–2012 4.32 (1.64–11.44) 0.003  4.55 (1.71–12.17) 0.002 
  2013–2014 2.26 (0.72–7.92) 0.175  2.08 (0.65–7.41) 0.228 
  2015–2016 0.91 (0.33–2.46) 0.850  0.95 (0.34–2.62) 0.927 
 Patient age, y      
  >5  Ref Ref  Ref Ref 
  <5  2.94 (1.22–8.79) 0.029  3.16 (1.28- 9.57) 0.022 
*OR, odds ratio; ref, referent. 
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0.013). Multivariable linear regression (online Technical 
Appendix Table 15) controlling for the same variables 
also showed an association between length of hospital 
stay among survivors and third-generation cephalospo-
rin resistance (1.69-fold increase, 95% CI 1.21–2.37). 
Third-generation cephalosporin resistance was associ-
ated with a 2.26-fold increase in hospital costs among 
survivors (95% CI 1.51–3.36) (online Technical Appen-
dix Tables 16, 17). According to this model, the median 
cost per admission would have been US $432.00 (IQR 
$333.30–$613.90) if all infections were third-generation 
cephalosporin sensitive and US $974.10 (IQR $751.60–
$1,384.30) if all infections were third-generation cepha-
losporin resistant.

Discussion
In this hospitalized population of children in Cambodia, 
AMR levels were high, particularly among the gram-nega-
tive GLASS pathogens K. pneumoniae, E. coli, and A. bau-
mannii. These organisms exhibited concerning resistance 
to WHO-recommended first-line sepsis treatment, empha-
sizing the urgent need for revised treatment guidelines (4). 
Few studies inform prevalence estimates of antimicrobial 
resistance in low- and middle-income countries in Asia, 
but compared with what is known, the high levels of gram-
negative resistance reported here are not uncommon (6,16). 

For the gram-positive GLASS pathogens, S. pneumoniae 
resistance was broadly similar to that of the wider region 
(67.7% vs. 59.3% multidrug resistance, respectively) (17). 
Rates of methicillin-resistant S. aureus were comparative-
ly lower; only 40.0% of hospital-acquired isolates were 
methicillin resistant compared with a regional average of 
67.4% (18).

A major strength of this study is the observation of 
resistance trends over an extended period, something rare-
ly possible in low- and middle-income countries because 
of lack of longstanding microbiology services. We found 
heterogeneous trends in resistance over time; resistance 
increased in some organisms (Salmonella Typhi) and de-
creased in others (K. pneumoniae). The most surprising 
temporal trend observed was a drop in the proportion of 
resistant K. pneumoniae isolates for most antimicrobials 
tested, in contrast to largely stable resistance levels in E. 
coli. For K. pneumoniae resistance by site of acquisition, in 
community-acquired isolates, resistance sharply declined 
in 2015–2016, perhaps suggesting loss of a plasmid cod-
ing for multiple resistance determinants. Confirming this 
trend will require a larger dataset from multiple sites in 
Cambodia and further analysis of the underlying resistance 
mechanisms at work using a method such as whole-ge-
nome sequencing. The genetic determinants of resistance 
in colonizing K. pneumoniae and E. coli isolates from 
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Table 5. Logistic regression analysis of resistance trends for the gram-positive Global Antimicrobial Resistance Surveillance System 
pathogens Staphylococcus aureus and Streptococcus pneumoniae isolated from children at Angkor Hospital for Children, Siem Reap, 
Cambodia, 2007–2016* 
Pathogen, resistance type, 
predictor variable 

Univariable analysis 
 

Multivariable analysis 
OR (95% CI) p value OR ratio (95% CI) p value 

S. aureus      
 Methicillin      
  Year of isolation      
   2007–2008 Ref Ref  Ref Ref 
   2009–2010 0.90 (0.18–4.93) 0.899  1.26 (0.23–7.59) 0.787 
   2011–2012 1.80 (0.47–8.90) 0.418  2.64 (0.62–14.48) 0.215 
   2013–2014 0.59 (0.10–3.42) 0.538  0.66 (0.10–4.19) 0.649 
   2015–2016 1.48 (0.35–7.61) 0.603  1.84 (0.39–10.47) 0.455 
  Patient age†      
   Nonneonate Ref Ref  Ref Ref 
   Neonate 0.18 (0.01–0.88) 0.094  0.14 (0.01–0.75) 0.064 
  Infection type‡      
   Community-acquired Ref Ref  Ref Ref 
   Hospital-acquired 6.21 (2.16–17.43) <0.001  7.80 (2.51–24.81) <0.001 
S. pneumoniae§      
 Penicillin      
  Year of isolation      
   2007–2008 Ref Ref  Ref Ref 
   2009–2010 0.60 (0.12–2.90) 0.525  0.70 (0.13–3.66) 0.669 
   2011–2012 0.52 (0.11–2.28) 0.385  0.42 (0.08–1.95) 0.269 
   2013–2014 0.72 (0.16–3.12) 0.663  0.77 (0.16–3.57) 0.737 
   2015–2016 1.87 (0.38–8.77) 0.424  1.89 (0.36–9.59) 0.436 
  Patient age, y      
   >5  Ref Ref  Ref Ref 
   <5  3.40 (1.63- 7.39) 0.001  3.87 (1.77–8.83) <0.001 
*OR, odds ratio; ref, referent. 
†Ages are grouped into neonate (0–28 d) vs. nonneonate (>29 d) or <5 y vs. >5 y, as appropriate for the organism.  
‡Isolates were defined as hospital-acquired if taken >48 hours after patient admission. 
§Analysis included community-acquired Streptococcus pneumoniae isolates only (n = 160). 
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this population have been reported elsewhere (CE Moore, 
CM Parry, P Turner, NPJ Day, N Stoesser, unpub data; 
N Stoesser, C Turner, P Turner, BS Cooper, unpub data), 
whereas whole-genome sequencing of invasive isolates is 
ongoing. Loss of antimicrobial selective pressure leading 
to declining resistance may result from changes in national/
regional antimicrobial supply or lack of active drug in an-
timicrobials used (19).

The number of hospital-acquired K. pneumoniae iso-
lates peaked during 2011–2012. This peak may be the result 
of a genuine rise in the rate of hospital-acquired infections 
or the increased rate of blood culture sampling compared 
with previous years. From 2011–2012 onward, the propor-
tion of resistant hospital-acquired K. pneumoniae isolates 

declined. This drop may be linked to maturation of a hos-
pitalwide infection-control program implemented in 2010 
(20) and enforced by prospective hospital-acquired infection 
surveillance from 2015 onward (21) or to the clinical mi-
crobiology service operating since 2012 with a strong focus 
on antimicrobial drug stewardship. Indeed, a recent study 
of prescribing practices at this hospital found 84%–89% of 
antimicrobial drug prescriptions were appropriate (22). The 
apparent success of these interventions suggests that they 
could be useful for combating AMR in similar settings. The 
perceived temporal drop in K. pneumoniae resistance could 
also be attributable to changing proportions of isolates from 
neonates over time; 46%–50% of isolates were from neo-
nates in 2011–2014, dropping to 35% in 2015–2016.
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Figure 1. Antimicrobial resistance time trends, shown as proportion of resistant isolates from community-acquired and hospital-acquired 
infections, by year of isolation, in children at Angkor Hospital for Children, Siem Reap, Cambodia, 2007–2016. A) Klebsiella pneumoniae 
ampicillin–gentamicin resistance; B) K. pneumoniae third-generation cephalosporin resistance; C) K. pneumoniae multidrug resistance; 
D) Escherichia coli ampicillin–gentamicin resistance; E) E. coli third-generation cephalosporin resistance; F) E. coli multidrug resistance; 
G) Salmonella enterica serotype Typhi fluoroquinolone resistance; H) Staphylococcus aureus methicillin resistance; I) Streptococcus 
pneumoniae penicillin resistance. Isolates were defined as hospital-acquired if taken >48 hours after patient admission. Error bars 
indicate 95% CIs.
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This study is unusual in that it directly compares 
different age groups of children, revealing AMR trends 
associated with age. Of note, the dominant pathogen in 
neonates, K. pneumoniae, was also more often resistant 
in neonates. For hospital-acquired isolates, this resistance 
may result from horizontal acquisition of resistant gram-
negative organisms from hospital surfaces, as suggested 
by a recent multicenter study of sepsis in neonates (2). 
Indeed, colonization of neonates by resistant gram-neg-
ative organisms has been shown to be common at Ang-
kor Hospital for Children and associated with subsequent 
invasive infection (23). For community-acquired isolates, 
vertical maternal transfer of resistant organisms may have 
a substantial role and is currently under investigation at 
this center.

Similarly, Salmonella Typhi from children <5 years 
of age was more often multidrug resistant than that from 
those >5 years of age. Isolates from younger children have 
greater genetic diversity (24), although how this diversity 
relates to increased AMR requires further investigation. 
In Cambodia, the most common indication for antimi-
crobial drug use is infections in children <5 years of age; 
thus, children in this age group may be exposed to more 
antimicrobial drugs, leading to greater resistance in organ-
isms causing infection. That S. pneumoniae isolates were 
more often penicillin resistant in children <5 years of age is 
consistent with findings of previous work showing greater 
colonization of this age group by multidrug-resistant pneu-
mococci (25). Vaccination may have a collateral benefit of 
reducing AMR (26), which suggests that it could be useful 
for combating Salmonella Typhi and S. pneumoniae resis-
tance in low- and middle-income countries. Because 85% 
of Salmonella Typhi isolates are simultaneously fluoroqui-
nolone resistant and multidrug resistant, few agents remain 
for treating typhoid in this population, placing even greater 
value on preventive measures such as vaccination. In Janu-
ary 2015, a 13-valent pneumococcal conjugate vaccine was 

introduced in Cambodia (27) with no catch-up campaign, 
meaning that only S. pneumoniae isolates from children 
born in or after December 2014 could have been affected, 
equating to 5 isolates in this dataset. Pneumococcal vacci-
nation is thus unlikely to have had an appreciable effect on 
the AMR trends reported here.

The WHO Global Report on Surveillance identi-
fied a major gap in research comparing resource use in 
resistant versus nonresistant pathogens (28), an area that 
we addressed by demonstrating that resistance is associ-
ated with worse healthcare outcomes, including increased 
deaths and ICU admissions, delayed effective treatment, 
and more than doubled admission costs. Use of patient re-
cords allows these estimates to more closely reflect reality 
than modeled or ecologic analyses, although it is unclear 
whether this increased risk for adverse outcomes repre-
sents greater virulence, delayed treatment, or confounding. 
The observed outcome differences between Enterobacte-
riaceae and A. baumannii infections suggest either a true 
difference in virulence or that a proportion of A. baumannii 
isolates were contaminants, an uncertainty that highlights 
the difficulty of establishing the clinical significance of 
skin-colonizing organisms.

This study has several limitations. The data derive 
from a single nongovernmental hospital for children with 
limited numbers of isolates for some bacterial species; thus, 
trends and outcomes may not be representative of the wid-
er region. The study was retrospective, and classification 
of community-acquired and hospital-acquired infections 
was limited by hospital database and clinical case note 
accuracy, meaning that some community-acquired infec-
tions may have actually been hospital-acquired infections.  
Widespread prehospitalization use of antimicrobials may 
have selected for resistant organisms (29). There were no 
restrictions to blood culture submission over time, but from 
early 2016 onward, clinicians were asked to focus on chil-
dren requiring admission, which may have affected certain 
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Figure 2. Antimicrobial resistance age trends, shown as proportion of resistant isolates from community-acquired and hospital-
acquired infections, by patient age group, in children at Angkor Hospital for Children, Siem Reap, Cambodia, 2007–2016. A) Klebsiella 
pneumoniae third-generation cephalosporin resistance; B) Escherichia coli third-generation cephalosporin resistance; C) Salmonella 
enterica serotype Typhi multidrug resistance; D) Streptococcus pneumoniae penicillin resistance. Ages have been grouped into neonate 
(0–28 d) versus nonneonate (>29 d) or <5 years versus >5 y, as appropriate for the organism. Isolates were defined as hospital-acquired 
if taken >48 hours after admission. Error bars indicate 95% CIs.
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organisms (e.g., Salmonella Typhi). Microbiology practice 
variations over time meant that antimicrobial susceptibil-
ity testing was not consistent; however, we believe that 
the value of examining the evidence over a long period 
outweighed the effect that these variations may have had 
on results. For example, in 2009, the Clinical and Labo-
ratory Standards Institute sensitivity zone size cutoffs for 
carbapenems and cephalosporins in Enterobacteriaceae 
increased, which could have resulted in a small number of 
isolates previously classed as sensitive being reclassified as 
resistant. The reported pre-2009 resistance levels are thus 
conservative and would not negate the downward resis-
tance trends observed. In the outcome analysis, we did not 
consider prehospitalization factors, clinical diagnosis, and 
non-HIV/malnutrition co-occurring conditions because 
quantifying those could have introduced substantial report-
ing bias. Furthermore, our cost estimates may be higher 
than actual costs because we did not account for partial/
shared doses and price fluctuations, suggesting that these 
cost estimates are most useful as a relative indication of 
cost burden.

In conclusion, the high rate of AMR in this setting 
of hospitalized children in Cambodia was associated 
with increased deaths and healthcare costs and threatens 
the effectiveness of first-line sepsis treatment. AMR rep-
resents a major threat to children’s health globally (5,6), 
yet there is a dearth of data for children in low-resource 
settings (3–6). By reporting a decade of continuous AMR 
surveillance data, this study fills a gap in the understand-
ing of antimicrobial drug resistance in children in Cam-
bodia. In the context of the current global drive to com-
bat AMR and the goal of the Fleming Fund to improve 
surveillance in low- and middle-income countries, our 
study demonstrates the feasibility and utility of under-
taking accurate long-term antimicrobial drug resistance  
surveillance in these countries. The methods used here are 
reproducible in similar low-resource settings.
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Table 6. Multivariable logistic regression analysis of 129 hospital admission episodes for community-acquired monomicrobial gram-
negative bacteremia in children at Angkor Hospital for Children, Siem Reap, Cambodia, 2007–2016* 

Predictor variable 
Death 

 
ICU admission 

OR (95% CI) p value OR (95% CI) p value 
Third-generation cephalosporin resistance 2.65 (1.05–6.96) 0.042  3.17 (1.31–8.10) 0.013 
Neonate† 3.03 (1.14–8.31) 0.028  4.56 (1.83–12.16) 0.002 
Male 0.81 (0.32–2.07) 0.659  0.81 (0.35–1.85) 0.616 
Enterobacteriaceae‡ 26.25 (4.43–511.1) 0.003  3.07 (1.05–9.67) 0.046 
Malnourished§ 2.11 (0.85–5.35) 0.111  2.19 (0.98–5.01) 0.059 
Age <10 y  2.76 (0.40–56.29) 0.377  2.80 (0.60–20.70) 0.235 
*Analysis used outcome (death or recovery) and ICU admission as the dependent variables. ICU, intensive care unit; OR, odds ratio. 
†0–28 d of age. 
‡Acinetobacter baumannii n = 29; Enterobacteriaceae n = 100 (consisting of Escherichia coli, n = 48; Klebsiella pneumoniae, n = 31; other pathogenic 
Enterobacteriaceae [consisting of Citrobacter, Enterobacter, Escherichia, Klebsiella, Morganella, Pantoea, Proteus, and Serratia spp. n = 21]). 
§Children <10 y of age only. 
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Galicia in northwestern Spain has been considered a 
hotspot for Vibrio parahaemolyticus infections. Infections 
abruptly emerged in 1998 and, over the next 15 years, were 
associated with large outbreaks caused by strains belong-
ing to a single clone. We report a recent transition in the 
epidemiologic pattern in which cases throughout the region 
have been linked to different and unrelated strains. Global 
genome-wide phylogenetic analysis revealed that most of 
the pathogenic strains isolated from infections were as-
sociated with globally diverse isolates, indicating frequent 
episodic introductions from disparate and remote sources. 
Moreover, we identified that the 2 major switches in the epi-
demic dynamics of V. parahaemolyticus in the regions, the 
emergence of cases and an epidemiologic shift in 2015–
2016, were associated with the rise of sea surface tempera-
ture in coastal areas of Galicia. This association may repre-
sent a fundamental contributing factor in the emergence of 
illness linked to these introduced pathogenic strains.

Globally, Vibrio parahaemolyticus is the leading bacte-
riological cause of illness associated with seafood con-

sumption. Infections have undergone a global expansion 

over the last 2 decades; cases have suddenly emerged in ar-
eas considered environmentally adverse for these pathogens 
(1–3). The causes of this dynamic expansion and emergence 
in non–disease-endemic areas have remained elusive.

V. parahaemolyticus infections are generally rare and 
sporadic across all of Europe with a single exception: Gali-
cia in northwestern Spain. This region has been considered 
a hotspot for Vibrio infections and an anomaly within the 
epidemiologic context of V. parahaemolyticus in Europe; 
reccurring cases of foodborne vibriosis (4–7) and out-
breaks (7,8) have been reported regularly since the late 
1990s. Infections associated with V. parahaemolyticus in 
Galicia were characterized by sudden outbreaks of illness 
typically associated with a single genetic variant of the 
pathogen (6,8). The first sign of change in this epidemio-
logic pattern was observed in 2012 when 3 different and 
genetically unrelated strains of V. parahaemolyticus were 
identified during a large outbreak in Galicia (5,9). Since 
then, a clear transition in the epidemiology of this pathogen 
has been observed; sporadic cases scattered throughout the 
region have been caused by different and unrelated strains 
and typically associated with the consumption of locally 
produced shellfish.

We applied whole-genome sequencing for a compre-
hensive and high-resolution insight into pathogenic popu-
lations identified in clinical sources associated with the ma-
jor episodes of illness in Galicia over the past 20 years. We 
performed phylogenetic analysis to identify the population 
structure and potential sources of the clinical strains identi-
fied in Galicia. We also conducted a parallel exploration of 
the variability of environmental conditions in the region to 
investigate the existence of other factors contributing to the 
emergence of illness linked to these in this particular area.

Materials and Methods

Bacterial Strains and DNA Extraction
We analyzed 18 isolates derived from clinical sources col-
lected over the course of the different outbreaks in Galicia 
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(Table). All the strains isolated from infections in Galicia 
were characteristically tdh positive and trh negative, the 
only exceptions being the strains belonging to sequence 
type (ST) 36 isolated during the 2012 outbreak, which 
were positive for both haemolysin genes. Additionally, we 
included 14 isolates obtained from environmental sources 
(shellfish and zooplankton) during 2003–2007 to analyze 
the potential connection between the clinical pathogenic 
populations and local marine environmental sources. Fi-
nally, we added 4 clinical strains reported in the United 
Kingdom associated with human infections since the 
1970s to the study to explore possible connections between 
pathogenic populations within Europe, along with another 
6 environmental strains from the United Kingdom isolated  
in 2014.

Genome Sequencing and Sequence Processing
We performed genomic DNA extraction of the 42 strains 
from overnight cultures using the DNeasy Blood & Tis-
sue Kit (QIAGEN, Hilden, Germany). We sequenced the 
genomes of all 42 strains using MiSeq (Illumina, San Di-
ego, CA, USA) with a minimum coverage of 40–120-fold. 
We prepared libraries with the Nextera XT DNA sample 
preparation kit (Illumina) and de novo assembled whole-
genome sequence contigs for each strain by using CLC 
Genomics Workbench version 7.5.1 (QIAGEN, Valencia, 
CA, USA).

Global Collection of V. parahaemolyticus Genomes
We initially investigated the position of the strains from 
Spain and the United Kingdom on the global phylogeny 

 
Table. Characteristics of Vibrio parahaemolyticus strains sequenced and analyzed for study of epidemic dynamics, 1998–2016* 
Strain CFSAN no. Year Source ST tdh trh Accession no.† Reference 
Strains identified in Spain 

30824 CFSAN018753 1999 Clinical ST17 + – LHAV00000000 (6) 
428–00 CFSAN018752 1998 Clinical ST17 + – LHAU00000000 (6) 
9808–1 CFSAN018754 2004 Clinical ST3 + – LHAW00000000 (8) 
118 CFSAN045068 2015 Clinical ST1031 + – SRR5163839 This study 
119 CFSAN045069 2015 Clinical ST1031 + – SRR5163836 This study 
113477 CFSAN045070 2015 Clinical ST327 + – SRR5163834 This study 
AMC 317 CFSAN056086 2016 Clinical ST3 + – SRR5163849 This study 
AMC 325 CFSAN056088 2016 Clinical ST1031 + – SRR5163835 This study 
G25 CFSAN022330 2012 Clinical ST36 + + LHRR00000000 This study 
G30 CFSAN022331 2012 Clinical ST36 + + LHRS00000000 This study 
G31 CFSAN022332 2012 Clinical ST36 + + LHRT00000000 This study 
G32 CFSAN022337 2012 Clinical ST1032 – + SRR5163840 This study 
G33 CFSAN022333 2012 Clinical ST1031 – + SRR5163848 This study 
G35 CFSAN022336 2012 Clinical ST36 + + LHRW00000000 This study 
G36 CFSAN022335 2012 Clinical ST36 + + LHRV00000000 This study 
G37 CFSAN022334 2012 Clinical ST36 + + LHRU00000000 This study 
N310 CFSAN053627 2016 Clinical ST327 + – SRR5163837 This study 
N314 CFSAN053626 2016 Clinical ST3 + – SRR5163842 This study 
OAG100 CFSAN025076 2007 Shellfish ST1121 + + SRR5163838 This study 
OAG95 CFSAN025079 2007 Shellfish NA – + SRS1912582 This study 
OAG99 CFSAN025078 2007 Shellfish ST1121 + + SRS1912583 This study 
OJL90 CFSAN029659 2007 Shellfish ST331 + – SRR5163850 This study 
PH157 CFSAN025074 2006 Zooplankton ST331 NA NA SRR5163833 This study 
PQ110 CFSAN029660 2006 Zooplankton ST79 – + SRR5163846 This study 
PY194 CFSAN025072 2007 Zooplankton ST199 + + SRR5163847 This study 
PY233 CFSAN025077 2006 Zooplankton ST169 – – SRS1912575 This study 
PY350 CFSAN025073 2006 Zooplankton ST1032 – + SRR5163841 This study 
PY452 CFSAN025075 2007 Zooplankton ST1032 + – SRS1912576 This study 
PY456 CFSAN025071 2006 Zooplankton ST1032 – + SRR5163847 This study 
UCM-V441 CFSAN018755 2002 Shellfish ST52 – – LHAX00000000 This study 
UCM-V493 NA 2002 Sediment ST471 – – CP007005, 

CP007004 
This study 

UCM-V586 CFSAN018756 2003 Shellfish NA – – LHAY00000000 This study 
Strains identified in the United Kingdom 

14-1072-D-VP CFSAN029647 2014 Shellfish ST1159 – + SRR5639920 This study 
14-1073-H-VP CFSAN029643 2014 Shellfish ST1159 – + SRR5639916 This study 
14-1498-F-VP CFSAN029646 2014 Shellfish ST1158 – + SRR5639919 This study 
14-1499-VP CFSAN029645 2014 Shellfish ST1157 + + SRR5639914 This study 
14-559-B-VP CFSAN029644 2014 Shellfish ST1159 – + SRR5639913 This study 
14-692-A-1-VP CFSAN029642 2014 Shellfish ST1159 – + SRR5639915 This study 
V12-024 CFSAN029651 2014 Clinical ST3 + – SRR5639912 This study 
V05-002 CFSAN029650 1972 Clinical ST331 + – SRR5639911 This study 
V06-002 CFSAN029649 1980 Clinical ST17 + – SRR5639918 This study 
F3305-VP CFSAN029648 2005 Clinical ST262 + – SRR5639917 This study 

*CFSAN, Center for Food Safety and Applied Nutrition; NA, not applicable; SRA, Sequence Read Archive; ST, sequence type; +, positive; –, negative. 
†National Center for Biotechnology Information Assembly or Sequence Read Archive database. 
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of V. parahaemolyticus using all the available V. parahae-
molyticus genomes worldwide, including 696 genomes 
obtained from the National Center for Biotechnology  
Information Assembly and Sequence Read Archive (SRA) 
databases (online Technical Appendix Table, https://wwwnc.
cdc.gov/EID/article/24/5/17-1700-Techapp1.pdf) plus the 42 
genomes sequenced in our study. We transformed the SRA 
data to fastq using SRA Toolkit (fastq-dump –split-files –gzip 
–skip-technical) (https://trace.ncbi.nlm.nih.gov/Traces/sra/
sra.cgi?view=toolkit_doc). We performed genome assem-
bly with A5-pipeline (10). We performed in silico inference 
of MLST profiles and STs using MLST software (https://
github.com/tseemann/mlst), which infers STs using the pub-
lic MLST scheme for V. parahaemolyticus based on 7 house-
keeping genes (https://pubmlst.org/vparahaemolyticus/).

Single-Nucleotide Polymorphism Calling  
and Phylogenetic Inference
Single-nucleotide polymorphisms (SNPs) were called using 
Harvest version 1.0.1 (https://github.com/marbl/harvest) 
(11). We used Parsnp, a component of the Harvest suite, to 
align the assembled genomes and define the core genome. 
We identified SNPs for both chromosomes by Parsnp in 
the multi-alignments; we used filtered and reliable core- 
genome SNPs to construct a core genome maximum- 
likelihood phylogenetic tree.

Analysis of Sea Surface Temperature Trend off the 
Coast of Galicia, Northwest of Spain
We estimated trend in the mean values of sea surface 
temperature (SST) using daily SST data from a coast-
al area limited by the coordinates 42°N–43°N and 
8.5°W–9.5°W. The mean SST data come from the Op-
timum Interpolation SST 1/4° daily dataset (OISST), 
which extends from September 1981 to the present and 
is distributed by NOAA/NCEI. This dataset combines 
satellite retrievals and in situ SST data from ships and 
buoys. We use these analyzed fields to estimate the 
trends in the region of interest, detect possible regime 
shifts, and study the habitat suitability of Vibrio spp. 
in the region. We investigated regime shift, defined as 
rapid reorganizations of ecosystems from one relatively 
stable state to another, using Sequential Regime Shift 
Detection Software version 3.2 (http://www.bering 
climate.noaa.gov/regimes/). This program detects statis-
tically significant shifts in the mean level and magnitude 
of fluctuations in time series taking the autocorrelation 
into account (12). The program detects shifts in the mean 
level of SSTs. The method is based on a sequential t-test 
that can signal a possibility of a regime shift. We used 
the default significance level of 0.1 that represents the 
level at which the null hypothesis that the mean values 
of the 2 regimes are equal is rejected by the t-test.

Nucleotide Sequence Accession Numbers
The draft genome sequences of all 44 V. parahaemolyticus 
strains from our study are available in GenBank. Accession 
numbers are provided in the Table.

Results and Discussion
Analysis of the 738 V. parahaemolyticus genomes result-
ed in a core genome alignment of 292,750 bp containing 
12,399 SNPs. Positions of the Spanish strains in the global 
phylogeny (Figure 1) revealed a complex epidemiologic 
scenario with the existence of multiple, highly diverse ge-
nomic variants of strains associated with infections in the 
region. Moreover, we identified 12 different STs among 
clinical strains isolated over the past 2 decades (Figures 
1, 2). We selected the genomes that clustered together 
with the genomes from Spain (115 genomes) and in-
cluded them in a high-resolution phylogenetic reconstruc-
tion (Figure 2). The basis for the reconstruction was a  
core genome alignment of 3,049,195 bp containing 
202,859 SNPs.

The original strain that was isolated over the course 
of the earliest documented large outbreak in Galicia in 
1998–1999 (ST17), which pulsed-field gel electrophore-
sis (PFGE) subsequently reported as a new local clone (6), 
turned out to be closely related to strains previously iso-
lated in Thailand (2006) and the United States (2006) when 
assessed by whole-genome phylogeny. The clinical strain 
from the United Kingdom isolated in Maidstone in the late 
1970s (National Collection of Type Cultures no. 11344) 
and reported as genetically related to the Galician strains 
by PFGE (6), was also found to cluster with this group, 
with a difference of 450 SNPs.

Strains belonging to the so-called Asian pandemic 
clone (clonal complex [CC] 3) were first reported in Galicia 
in association with a large outbreak in 2004 (8). Epidemio-
logic analysis of the outbreak traced back the origin of the 
outbreak to a facility located in the international seaport 
of A Coruña in Galicia, suggesting that the most probable 
source of the pandemic strain was the discharge of ballast 
water carried in ships. No strain from this group was iden-
tified in Spain until summer 2016, when we identified 2 
strains isolated in July from 2 independent outbreaks in the 
cities of Silleda and Pontevedra, investigated in 2 differ-
ent hospitals, as belonging to CC3. Genomic analysis of 
the strains from Galicia, along with 21 additional genomes 
belonging to the ST3 strains isolated in other countries, re-
sulted in a core alignment of 3,560,214 bp for the ST3 clade 
containing 384 SNPs. Whole-genome phylogeny revealed 
that the 2 strains from Galicia isolated in 2016 belonged to 
2 different groups; both are different from the strain identi-
fied in Galicia in 2004. We identified strain N314 as part of 
the Asian group of CC3 and strain CFSAN056086 in the 
American group. We were able to clearly distinguish these 
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2 strains from the strains isolated from the 2004 outbreak, 
which was identified in a separate branch closer to different 
Asian strains. Of note, while the 2004 outbreak was associ-
ated with imported seafood and unsafe food manipulation 
(8), the recent infections caused by CC3 strains were un-
equivocally associated with local shellfish (razor clams and 
cockles); compelling evidence of several successful intro-
duction events of these strains into the marine environment 
of Galicia.

In many ways, the 2012 outbreak in Spain (5,13) rep-
resented a clear change in the epidemic dynamics of V. 
parahaemolyticus in the region. First, this outbreak was 
the largest reported across Europe linked to local seafood; 
second, it was the earliest known evidence of a cross-con-
tinental spreading of the ST36 clone, which is endemic to 
the Pacific Northwest (PNW) of the United States and one 
of the most virulent ST groups (13). Genomic analysis 
of the 92 available genomes of the ST36 isolated from 

Figure 1. Phylogenetic reconstruction of Vibrio parahaemolyticus based on 738 available genomes. Red dots indicate isolates from 
Spain collected over the past 20 years from clinical settings and environmental sources. Colors represent sequence types, and areas 
without color correspond to undetermined sequence types. Scale bars represent nucleotide substitutions per site. 
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Figure 2. Phylogeny of Vibrio parahaemolyticus isolates from Galicia, Spain. A) Phylogenetic inference of the 42 genomes from 
Spain identified in this study (red text) along with all other genomes identified in the same clusters by the global phylogeny with their 
corresponding sequence types (STs). B) Phylogenetic tree of genomes belonging to ST3 (pandemic clone). C) Phylogenetic tree of 
genomes included in ST36 in the global phylogeny. Gray dots indicate bootstrap values supporting the nodes; dot sizes indicate 80% 
(smallest) to 100% (largest). Values <80% are not shown. Scale bars represent nucleotide substitutions per site. ND, not determined. 
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areas of endemicity for this group in the PNW identified 
a core alignment of 3,310,986 bp comprising 1,596 SNPs. 
Phylogenetic analysis of the ST36 lineage revealed the 
existence of 2 different clusters within this group (Figure 
2, panel C): a first cluster composed of old strains from 
Canada isolated before 2005 and the United States before 
2000, and a second cluster with modern representatives 
from the United States and Canada. This particular pop-
ulation structure suggests the existence of a lineage re-
placement in the PNW coast and western Canada, where 
only strains belonging to the second cluster were identi-
fied from 2005 onward. Surprisingly, we unequivocally 
identified the strains in the 2012 Galicia outbreak as be-
longing to the first cluster composed of strains extinct in 
their original location along the PNW coast, which sug-
gests an early introduction of these strains into waters of 
Galicia and Europe (14). Furthermore, we identified a sin-
gle strain from Canada as closely related to the genomes 
from the Galician strains with a minimum difference of 
20–22 SNPs in an alignment of 3,310,986 bp, whereas 
variations among genomes of the ST36 strains from Gali-
cia were 0–19 SNPs. The low level of variation among all 
the genomes in this clade supports a hypothesis that Gali-
cian strains originated in British Columbia, Canada, and 
were introduced in Galicia sometime after 2001.

A second singularity of the 2012 outbreak, and prob-
ably more noteworthy, was the fact that infections from 
a single outbreak were associated with several unrelated 
strains of V. parahaemolyticus. We identified 2 additional 
strains different from ST36 from clinical cases over the 
course of this outbreak, ST1031 and ST1032; both rep-
resent novel STs not reported before the 2012 outbreak. 
Whole-genome phylogeny of these new STs grouped these 
strains into 2 distinctive clusters. Strain G32, belonging to 
ST1032, showed a close association with several strains 
isolated from zooplankton in offshore waters of Galicia in 
2006–2007, which could be preliminary evidence of a lo-
cal origin of these strains introduced by the incursion of 
offshore oceanic waters. Strain G33, belonging to ST1031, 
was included in a single group along with strains also as-
sociated with local shellfish and isolated over the course of 
the outbreaks in the summers of 2015 and 2016. 

Finally, we identified an additional group of strains be-
longing to ST327 associated with illnesses over the summer 
of 2015 and 2016. We included these strains in the same 
cluster as 1 strain from Thailand isolated in 1990 (Figure 2).

Our genome-wide phylogenetic analysis of pathogenic 
V. parahaemolyticus in northern Spain has provided novel 
insights into the epidemiology of V. parahaemolyticus in 
nonendemic areas. The primary result is that the study re-
vealed the existence of a complex epidemiologic context 
characterized by the existence of multiple highly diverse 
strains, most originating far away, that caused infections  

associated with locally produced shellfish; this finding could 
be considered evidence of multiple events of introduction of 
foreign variants into Galicia. The source of these strains into 
Galicia is elusive and remains an area of ongoing interest, 
but we did identify through this study and previous work 
the 2 proposed mechanisms for dissemination of pathogenic 
strains: ballast water (15–17) and zooplankton migration 
(18,19). Ballast water has been proposed as a main source 
of pathogenic Vibrio bacteria (16) and was suggested as the 
mechanism of introduction of pandemic strains in the 2004 
outbreak (8). In addition, we showed new evidence that un-
equivocally identified environmental transport through off-
shore zooplankton as one of the routes of introduction of new 
pathogenic variants via ocean currents (18–20). However, 
we cannot rule out the introduction of foreign mollusks into 
the marine water of Galicia as a possible source of new vari-
ants of pathogenic Vibrio bacteria from disparate and remote 
sources because of the magnitude of the shellfish trade in the 
region; the importation of shellfish from other geographic 
areas is a common practice to supply the high demand for 
products. A recent study analyzing the population structure 
and evolution of the ST36 clone suggests that the importa-
tion of clams from the PNW to Spain circa 2000 is the prob-
able source of ST36 strains (14). Moreover, 2 other recent 
studies tracking the routes of introduction of the Manila clam 
from its original place of distribution in the Indo-Pacific re-
gion to Europe has also linked the origin of clam populations 
introduced in Spain to the PNW of the United States (area 
of endemicity of ST36 populations) during the importations 
of clams in the mid- and late 1990s (21,22). These findings 
closely correspond with the results shown in our study.

An underlying finding of our study is that the introduc-
tion of these highly pathogenic strains into a region is not 
sufficient by itself to initiate an epidemic; the introduced 
strains appear established in the area for a substantial period 
without evidence of associated illness, which suggests ad-
ditional cofactors in infections and risk. Because seawater 
temperature has been identified as a critical factor govern-
ing the emergence of Vibrio diseases (1–3), we conducted 
an analysis of historical records of SST in the region. Results 
from these analyses revealed a significant trend of increased 
SST in the area, which followed a stepwise and incremental 
trend, rather than the expected linear change. We identified 
shifts in both the mean level of fluctuations and the variance 
of SST time series. We recognized 2 clear shifts of SST with 
a significant statistical support over the study period: June 
1994, an SST increase of 0.4°C; and June 2014, an SST in-
crease of 0.7°C (Figure 3). These 2 shifts in seawater tem-
perature showed a close correspondence with the epidemic 
dynamics of V. parahaemolyticus in the area, showing a pe-
riod with no infections before the first regime shift, a second 
period when the first epidemic events were identified, and 
finally a third period after the last regime shift in 2014, which 
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was concurrent with the change in the epidemiology of  
V. parahaemolyticus we report in this study. Previous data 
have shown that regime shift warming has led to an increase 
in prevalence of Vibrio bacteria in the environment (1,23), 
and epidemiologic studies on the emergence of Vibrio infec-
tions have identified SSTs >18°C as a critical threshold for 
triggering infections and substantially increasing the number 
of reported clinical cases (2). Analysis of the number of days 
with SSTs >18°C in Galicia over the past 36 years identified 
an increase of 1 day/year (Figure 2, panel B), which resulted 
in an increase of 35 days for the risk period of V. parahaemo-
lyticus infections for the whole period. These results contrast 
with the situation in some areas of natural endemicity for 
pathogenic V. parahaemolyticus, such as the PNW for the 
ST36, where seawater temperatures have remained remark-
ably stable over the past 2 decades and regime shifts have not 
been detectable. The average annual SST in areas of Puget 
Sound in the PNW is ≈5°C lower than in Galicia, showing 
a warming trend almost 2 orders of magnitude smaller and 
SST values always <18°C, according to the records of the 
satellite mesoscale SST time series (data not shown).

This study highlights the utility of whole-genome 
sequencing as a tool to elucidate key features of the 

transmission and potential sources of pathogenic envi-
ronmental bacteria such as Vibrio spp. The concomitant 
introduction of foreign Vibrio variants with a significant 
warming trend in the region, coupled with the consump-
tion of locally produced shellfish in the region, may be 
major contributing factors for the emergence of infec-
tions in Galicia. Parallel circumstances may also drive 
disease emergence in other areas of the world with simi-
lar environmental conditions, such as the Pacific North-
west (24,25) and the Atlantic Northeast (14,26) in the 
United States or the south of Chile (27). In these areas. 
The presence of imported Vibrio strains has been fre-
quently reported associated with outbreaks, particularly 
during and after warming events (28). These areas repre-
sent major contributors to the escalation and global ex-
pansion of V. parahaemolyticus illnesses associated with 
the dissemination of the preeminent pathogenic clones of 
these organisms.

J.T. was funded by National Oceanic and Atmospheric  
Administration (NOAA)/OceanWatch and NOAA/Atlantic 
Oceanographic and Meteorological Laboratory. M.A. was 
funded through the NERC project NE/P004121/1.

Figure 3. Recent environmental 
warming trends in Galicia, 
Spain, 1982–2016. Trends in 
the mean values of SST were 
estimated using daily SST data 
from a coastal area defined 
by the coordinates 42°–43°N 
and 8.5°–9.5°W. A) Mean SST 
records show stepwise changes 
rather than a linear pattern. Two 
regime shifts occurred in June 
1994 (0.4°C warming) and June 
2014 (0.7°C), which correspond 
with the first emergence of Vibrio 
parahaemolyticus cases and the 
epidemiologic shifts observed for 
2015 and 2016. B) Number of 
days with SST >18°C (blue dot), 
5-year moving average (blue 
line), and regression line (yellow 
line); slope is of ≈1 d/y (e.g., 
gaining 1 d/y). C) Mean SST 
data for Galicia for 2 periods, 
demonstrating the generalized 
warming and expansion of 
season with favorable conditions 
for sustaining Vibrio organisms 
in the environment and hence 
increasing risk of infection. SST, 
sea surface temperature.
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We investigated whether Borrelia miyamotoi disease can be 
detected in its early stage by using PCR for borrelial 16S 
rRNA, which molecule (DNA or RNA) is the best choice for 
this test, and whether spirochetes are present in blood dur-
ing the acute phase of B. miyamotoi disease. A total of 473 
patients with a suspected tickborne infection in Yekaterin-
burg, Russia, in 2009, 2010, and 2015 were enrolled in this 
study. Blood samples were analyzed by using quantitative 
PCR or ELISA, and a diagnosis of borreliosis was confirmed 
for 310 patients. For patients with erythema migrans, 5 (3%) 
of 167 were positive for B. miyamotoi by PCR; for patients 
without erythema migrans, 65 (45%) of 143 were positive 
for B. miyamotoi by PCR. The median concentration for 
RNA was 3.8 times that for DNA. Median time for detection 
of B. miyamotoi in blood was 4 days.

Borrelia miyamotoi is a relapsing fever spirochete de-
tected in Ixodes persulcatus hard-bodied ticks by Fu-

kunaga et al. in Japan in 1995 (1). Vectors of B. miyamotoi 
include I. scapularis and I. pacificus ticks in the United 
States, I. ricinus ticks in Europe, and I. persulcatus and 
I. ricinus ticks in Russia (2,3). Barbour-Stoenner-Kelly II 
medium has been used to isolate B. miyamotoi strain HT31 
from I. persulcatus ticks and strain FR64b from Apodemus 
argenteus small Japanese field mice in Asia (1) and strain 
LB-2001 from I. scapularis ticks in North America (4). 
Furthermore, borreliosis caused by B. miyamotoi has been 
confirmed in Russia (3), North America (5–8), Europe (9), 
and Japan (10).

The diagnosis of Lyme disease (borreliosis) is based 
primarily on identification of an erythema migrans rash and 
positive results for serologic laboratory tests (11). Howev-
er, PCR amplification of B. burgdorferi sensu lato DNA is 
not sensitive enough for routine diagnosis (11,12).

B. miyamotoi infection usually manifests as an influ-
enza-like disease causing high fever, headache, and myal-
gia but, in most instances, without erythema migrans (3). 
B. miyamotoi produces glycerophosphodiester phospho-
diesterase (glpQ), which is absent in B. burgdorferi sensu 
lato and is therefore useful for serologic discrimination 
between relapsing fever and Lyme borreliosis. ELISAs 
and confirmatory Western blot assays of human serum 
samples have been used to detect antibodies against B. 
miyamotoi in the Netherlands (13) and the United States 
(14). Wagemakers et al. (15) detected antibodies against 
variable small protein 1 and variable large proteins 
(Vlp15, Vlp16, and Vlp18) in blood samples of patients 
with B. miyamotoi disease. PCR and thin and thick blood 
smears of peripheral blood stained with Wright stain or 
Giemsa were used to detect infection in patients suspected 
of having relapsing fever (16).

Unlike DNA, which is usually present as a single copy 
per cell, or mRNAs, which constitute the minor population 
of total cellular RNA, each bacterium contains hundreds 
to thousands of 16S rRNA molecules during the growth 
phase. Therefore, we hypothesized that an assay based 
on PCR amplification of cDNA molecules, representing 
highly and consistently transcribed Borrelia genes such 
as 16S rRNA, could improve the sensitivity of detection 
of Borrelia spp. Backstedt et al. (17) reported that lepto-
spiral RNA–based quantitative PCRs (qPCRs) for human 
blood were >100-fold more sensitive than a DNA-based 
approach. Furthermore, detection of 16S rRNA (e.g., by 
nucleic acid sequence–based amplification) can distinguish 
viable from nonviable bacterial cells (18).

Hematogenous dissemination is a major pathogenetic 
event in Lyme borreliosis. Investigations of level and dura-
tion of spirochetemia caused by B. miyamotoi are needed 
for understanding the pathogenesis of the infection, as well 
as development of new diagnostic tools. 

Our study had 3 goals. First, we sought to determine 
whether B. miyamotoi disease can be detected in its ear-
ly stage by using PCR for borrelial 16S rRNA. Second, 
we assessed which molecule (DNA or RNA) is the best 
choice for this test. Third, we investigated the dynamics 
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of B. miyamotoi spirochetemia during the acute phase of 
the disease.

Methods

Study Design
Patients suspected of having tickborne diseases in Rus-
sia are hospitalized if they have been bitten by a tick and 
show development of signs and symptoms of acute infec-
tion (fever, chills, headache, fatigue, muscle aches) within 
a few weeks. A diagnosis of acute Lyme borreliosis was 
determined by the presence of erythema migrans, detection 
of borrelial IgM and IgG seroconversion, and detection of 
pathogen DNA or RNA. In this study, the case definition 
for B. miyamotoi disease was based only on PCR results. 
We have previously reported detailed information about 
case definitions for B. miyamotoi disease (3).

A total of 459 patients admitted to Municipal Clinical 
Hospital No. 33 (Medical Association Novaya Bolnitsa) 
in Yekaterinburg, Russia, during May–August 2009 and 
June–July 2010 for suspected tickborne infection were en-
rolled in this study. We obtained blood samples from all 
patients during the first 3 days of hospitalization for analy-
sis by qPCR and ELISA. We performed PCR for detection 
of 16S rRNA of B. miyamotoi, B. burgdorferi sensu lato, 
Ehrlichia chaffeensis, and E. muris; the 5′-untranslated 
region gene of tickborne encephalitis virus (TBEV); and 
the major outer membrane protein 2 gene of Anaplasma 
phagocytophillum as described (3). 

We tested serum samples for borrelial IgM and IgG 
and TBEV IgM by ELISA (EUROIMMUN AG, Lubeck, 
Germany). We estimated the number of copies of B. mi-
yamotoi and B. burgdorferi sensu lato DNA and RNA in 
PCR-positive patient blood samples by using a qPCR for 
16S rRNA.

For determining duration of spirochetemia, we col-
lected repeat blood samples from 9 PCR-positive B. miya-
motoi disease patients in 2010 and 14 B. miyamotoi disease 
patients admitted to Municipal Clinical Hospital No. 33 in 
June–July 2015. We collected blood samples from these 
patients during the first 3 days after admission and then re-
peatedly for 4 days after initial detection of B. miyamotoi in  
the blood of these patients.

Preparation of Blood Samples
We used differential centrifugation to separate spirochetes 
from erythrocytes. Blood samples were centrifuged at 160 
× g for 10 min to pellet erythrocytes. We then transferred 
500 μL of leukocytes and platelet-rich plasma into 1.5-mL 
tubes for centrifugation at 10,000 × g for 10 min to collect 
leukocytes and spirochetes. We extracted DNA and RNA 
from the pellet and 100 μL of the supernatant by using an 
AmpliSens Riboprep Kit (Central Research Institute of 

Epidemiology, Moscow, Russia). After cell lysis, we di-
vided samples into 2 equal aliquots for separate isolation 
of B. miyamotoi RNA and DNA targets of 16S rRNA. We 
extracted RNA by using a universal internal RNA recom-
binant control having a known number of RNA copies per 
milliliter and DNA by using a universal internal DNA re-
combinant control having a known number of DNA copies 
per milliliter. RNA samples were not treated with DNase; 
therefore, RNA concentrations in this article are RNA/
DNA concentrations.

Molecular Detection of Infection
We performed PCR-based detection for TBEV, B. burg-
dorferi sensu lato, A. phagocytophillum, E. chaffeensis, 
and E. muris by using a commercial multiplex PCR kit 
(AmpliSens TBEV, B. burgdorferi sensu lato, A. phago-
cytophillum, E. chaffeensis/E. muris-FL; Central Research 
Institute of Epidemiology) according to the manufacturer’s 
instructions. We used the B. miyamotoi–specific prim-
ers Brm1 5′-CGCTGTAAACGATGCACACTTGGT-
GTTAATC-3′ (forward) and Brm2 5′-CGGCAGTCTC-
GTCTGAGTCCCCATCT-3′ (reverse) at concentrations 
of 360 nmol/L. The corresponding dye-labeled probe 
(final concentration 100 nmol/L) used was Brm-R6G-5′-
CCTGGGGAGTATGTTCGCAAGAATGAAACTC-3′-
BQH1. PCR conditions were 50°C for 15 min; 95°C for 15 
min; 10 cycles at 95°C for 20 s, 67°C for 50 s, and 72°C 
for 20 s; and 40 cycles at 95°C for 20 s, 60°C for 50 s, and 
72°C for 20 s. The fluorescence signal was recorded at the 
60°C step for the last 40 cycles. Each run included negative 
controls and 2 positive recombinant DNA controls (a B. mi-
yamotoi 16S rRNA gene fragment and an internal control 
having 104–106 copies/mL) as standards. 

We used B. burgdorferi sensu lato–specific primers 
Brb1 5′-TGCAAGTCAAACGGGATGTAGCAATACA-3′  
(forward) and Brb2 5′-GGCTTCCTTTCATCAATTAA-
CAAA-3′ (reverse) at concentrations of 360 nmol/L. The 
corresponding dye-labeled probe (final concentration 
100 nmol/L) was Brb-R6G-5′-TAGGTAGAT-BQH1-
CATCCACGCGTTACTACC-3′. PCR conditions were 
50°C for 15 min;  95°C for 15 min; and 45 cycles at 95°C for 
10 s and 60°C for 20 s. The fluorescence signal was record-
ed at the 60°C step for the last 45 cycles. Each run included 
negative controls and 2 positive recombinant DNA controls 
(a B. burgdorferi sensu lato 16S rRNA gene fragment and 
an internal control having 104–106 copies/mL) as standards.

The RNA template was subjected to reverse transcrip-
tion (Thermo Fisher Scientific, Waltham, MA, USA). In 
2015, a commercial PCR kit (AmpliSens B. miyamotoi-
FL; Central Research Institute of Epidemiology) was used  
according to the manufacturer’s instructions for B. miya-
motoi glpQ gene screening of patients with suspected tick-
borne diseases.
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ELISA
We tested serum samples collected at the time of hospi-
talization and 1–2 weeks later for borrelial IgM and IgG. 
We obtained serologic evidence of exposure to Borrelia 
spp. by using 2 ELISAs (EI 2132–9601 M and EI 2132–
9601–2 G; EUROIMMUN AG) and detected TBEV IgM 
by using a semiquantitative ELISA (EI 2661–9601 M; 
EUROIMMUN AG).

Data Analysis
We used the Wilcoxon signed-rank test for comparing 
copy numbers of B. miyamotoi RNA and DNA in blood 
samples and the Kaplan–Meier estimator to assess per-
sistence of DNA or RNA of pathogens in blood. We per-
formed time-to-event analysis by using the following as-
sumptions: 1) starting time was the first day of illness; 
2) observations for no antimicrobial drug treatment were 
complete data; 3) observations for late antimicrobial drug 
treatment (when DNA or RNA were eliminated from 
blood before start of treatment) were complete data; and 
4) observations for antimicrobial drug treatment were in-
complete data (right censored). The Kaplan–Meier esti-
mator assumes that at any time, patients who are censored 
have the same survival prospects as those who continue to 
be followed up (19).

We used the Clopper–Pearson interval for calculating 
CIs for proportions. Descriptive statistics are given as mean 
and SD or median and interquartile range (IQR). We ana-
lyzed data by using SPSS software (IBM, Armonk, NY, 
USA) or R software (https://www.r-project.org/).

Results

Study Population
During 2009–2010, of 310 (67.5%, 95% CI 63.0%–71.8%) 
patients with borreliosis, 34 (7.4%, 95% CI 5.2%–10.2%) 
patients were positive for TBEV, and 115 (25.1%, 95% 
CI 21.2%–29.3%) were positive for other inflammatory  
diseases. Genetic markers of anaplasmosis and ehrlichiosis 
were not detected.

Erythema migrans as a symptom was observed in 167 
(53.9%, 95% CI 48.1%–59.5%) patients with borreliosis 
and was absent in the remaining 143 (46.1%, 95% CI 
40.5%–51.9%) patients. Among patients with erythema 
migrans, DNA or RNA of the B. burgdorferi sensu lato 
16S rRNA gene was detected by qPCR in 18.6% (95% 
CI 13.0%–25.3%), and 3.0% (95% CI 0.4%–5.2%) were 
positive for B. miyamotoi (Table 1). For patients with-
out erythema migrans, genetic markers of B. burgdorferi 
sensu lato were found in 3.5% (95% CI 1.1%–8.0%), and 
45.5% (95% CI 37.1%–54.0%) were positive for B. mi-
yamotoi. One case-patient was co-infected with B. burg-
dorferi sensu lato and B. miyamotoi. For 51.0% (95% CI 
42.6%–59.5%) of patients, borreliosis was confirmed by 
determination of antibody seroconversion by ELISA only.

RNA and DNA Concentrations
Because onset of B. miyamotoi disease is acute, patients are 
usually admitted to a hospital during the first 3 days of the 
disease in Russia. In our study, 79% of patients were admit-
ted to the hospital during the first 3 days, which indicates 
that concentrations of B. miyamotoi RNA or DNA are ac-
curate for this period.

The maximum pathogen RNA concentration was ob-
served on day 1 of the disease (Figure 1, panel A). On day 
2, RNA copy number varied widely (median 3,700–45,360 
copies/mL); it remained in this range on subsequent days. 
The concentration of B. miyamotoi DNA varied in a similar 
way (Figure 1, panel B); the highest value of 9,085 cop-
ies/mL was found on the first day, after which the value 
decreased to 797.5 copies/mL. Because there were only 2 
observations on day 6, observed ranges of DNA (and RNA) 
concentrations are speculative. The Wilcoxon signed-rank 
test showed that the copy number of RNA in blood was sig-
nificantly higher than the copy number of DNA (p<0.001). 
The RNA:DNA ratio also showed a wide range (median 
ratio 3.8, IQR 2.1–7.5).

Early Lyme disease is usually manifested only by ery-
thema migrans; thus, patients are often hospitalized late 
in their illness. The median time gap between onset of  
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Table 1. Cross-validation of detection of Borrelia spp. by quantitative PCR and ELISA in blood samples from 310 patients with 
suspected borreliosis, Yekaterinburg, Russia, 2009 and2010* 
Quantitative PCR for 16S rRNA gene No. patients No. ELISA positive No. ELISA negative ND 
With erythema migrans     
 Borrelia burgdorferi sensu lato 31 30 1 0 
 B. miyamotoi 5 5 0 0 
 PCR negative 131 81 39 11 
 Total 167 116 40 11 
Without erythema migrans     
 B. burgdorferi sensu lato 4 4 0 0 
 B. miyamotoi 65 55 10 0 
 B. burgdorferi sensu lato plus B. miyamotoi 1 0 1 0 
 PCR negative 73 73 0 0 
 Total 143 132 11 0 
*ELISA results are for borrelial IgM or IgG seroconversion. ND, not determined. 

 



Spirochetemia and PCR Detection of B. miyamotoi

disease and hospitalization was 6 days (IQR 3–9 days). We 
showed that PCR diagnosis of Lyme disease has low sen-
sitivity. Consequently, B. burgdorferi sensu lato RNA and 
DNA concentration varied; the median RNA concentration 
was 585.0 copies/mL (IQR 305.3–1,392.5 copies/mL), and 
the median DNA concentration was 19.9 copies/mL (IQR 
8.1–121.2 copies/mL). The concentration of B. burgdorferi 
sensu lato RNA was also significantly higher than that for 
DNA (p<0.001), which resulted in a greater RNA:DNA ra-
tio (median 40.9, IQR 13.3–77.4). Differences between B. 
miyamotoi and B. burgdorferi sensu lato for concentrations 
of RNA and DNA were significant (z = –5.77, p<0.001, by 
Mann-Whitney U-test).

B. miyamotoi DNA or RNA were detected in blood 
samples up to day 30 of disease (Figure 2, panel A). How-
ever, despite such a wide range, 90% of all observations 
were in the first 8 days of the disease. We showed in a previ-
ous study (20) that 7 (9.1%) positive samples, which were 
obtained from patients given a diagnosis of B. miyamotoi  

disease during the second week of disease (or later), were 
assumed to be caused by a relapse of fever. However, this 
assumption could not be confirmed because of lack of 
availability of clinical materials. Pathogen DNA or RNA 
were detected in blood samples from patients with Lyme 
borreliosis obtained up to day 24 of disease (Figure 2, 
panel B).

The study showed a high number of false-negative PCR 
results in patients with and without EM (Table 1). The time 
gap between onset of disease and blood sampling can affect 
results of blood tests. Therefore, all blood samples from the 
group of patients without EM were obtained based on the 
time after onset of symptoms. We found that blood samples 
from B. miyamotoi PCR-positive patients were obtained 
significantly earlier (z = –3.29, p<0.001, by Mann-Whitney 
U-test). The median time of blood sampling was 2.0 days 
(IQR 2.0–4.0 days) for PCR-positive patients without EM 
and 4.0 days (IQR 2.3–6.0 days) for PCR-negative patients 
without EM after initial symptoms. Therefore, PCR is  
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Figure 1. Concentration of 
Borrelia miyamotoi A) RNA 
and B) DNA in blood samples 
from patients with B. miyamotoi 
disease during disease 
progression, Yekaterinburg, 
Russia, 2009–2010. Blood 
samples were obtained before 
antimicrobial drug therapy 
was given. Boxes indicate 
interquartile ranges (IQRs), 
horizontal bars indicate 
medians, and error bars indicate 
1.5× IQR. Circles indicate 
moderate outliers (1.5×–3× 
IQR, 238,700 copies/mL), and 
asterisks indicate extreme 
outliers (>3× IQR, 280,000–
420,000 copies/mL). 
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applicable for diagnosis of B. miyamotoi disease only dur-
ing the first few days of the disease.

Duration of Spirochetemia
In 2010 and 2015, we obtained blood samples repeatedly 
during the first 6 days of disease from 23 patients with con-
firmed B. miyamotoi disease (Table 2) and used data for 
these samples to estimate the duration of spirochetemia. 
We excluded samples from patients who had started an-
timicrobial drug therapy before or at the same time as the 
blood tests and those from patients who had a time gap 
between blood samples >2 days. We performed time-to-
event analysis for 17 patients. Pathogen DNA or RNA was 
detected in blood up to day 5 of illness (Table 2), and all 
samples showed negative results on day 6 of illness. Me-
dian time for detection of pathogen DNA or RNA in blood 
was 4.0 days (95% CI 3.1–4.9 days) (Figure 3).

Discussion
Borreliosis is the most prevalent tickborne disease in Russia 
(21,22). Our findings showed that, in Yekaterinburg, ≈23% 

cases of borreliosis (confirmed clinically, serologically, or 
by PCR) were caused B. miyamotoi. Findings that indicated 
that B. miyamotoi disease might not be a rare infection have 
been previously suggested for the United States (8,14,23) 
and the Netherlands (13).

We found that erythema migrans was not apparent 
in 70 (93%) patients with B. miyamotoi disease, and only 
in 7% of case-patients was erythema migrans manifested. 
We obtained data for the 5 PCR-confirmed case-patients 
with B. miyamotoi disease and erythema migrans and the 
case-patient co-infected with B. burgdorferi sensu lato and 
B. miyamotoi. We believe that these 5 patients were also 
co-infected with Borrelia spp. and that the B. burgdorferi 
sensu lato DNA was not detected because of the low sen-
sitivity of the PCR. Additional research is needed to test 
this assumption. Recent studies reported that in the United 
States, 14% of patients with B. miyamotoi disease were co-
infected with B. burgdorferi (7,23), including a patient with 
erythema migrans (23).

 Our study showed poor sensitivity (≈11%) of qPCR 
detection for 16S rRNA for B. burgdorferi sensu lato.  
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Figure 2. Distribution of PCR- 
positive blood samples obtained 
after onset of symptoms for 
patients infected with A) Borrelia 
miyamotoi or B) B. burgdorferi 
sensu lato, Yekaterinburg, 
Russia, 2009–2010. Blood 
samples were obtained before 
antimicrobial drug therapy  
was given.
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In comparison, the sensitivity of PCR for B. burgdorferi 
sensu lato varied widely (7.5%–78.1%) (12,24,25). Sev-
eral studies have reported low sensitivity of PCR for B. 
burgdorferi sensu lato DNA for routine diagnostic pur-
poses because of low numbers of spirochetes circulating 
in the bloodstream during acute infection (8,12,26–29). 
For relapsing fever caused by Borrelia spp., the number 
of glpQ gene copies for B. duttonii and B. reccurentis 
ranged from 102 to 105 copies/mL for 7 (0.3%) of 2,057 
healthy participants and from 103 to 108 copies/mL for 15 
(3.9%) of 382 patients with fever who were surveyed in 
Tanzania (16). The number of copies of the B. miyamotoi 
gene in serum samples of 2 patients in Japan was 7.2 × 
103 and 2.8 × 104 copies/mL by 16S rRNA qPCR (30). A  
mean copy number of 7,787 copies/mL was reported 
for B. miyamotoi disease patients in the northeastern  
United States (23).

The number of copies of the B. miyamotoi gene in 
serum samples from 2 patients in Japan was 7.2 × 103 and 
2.8 × 104 copies/mL by 16S rRNA qPCR (30). A mean 
copy number of 7,787 copies/mL was reported for B. mi-
yamotoi disease patients in the northeastern United States 
(23). Our study identified the bacterial load in blood sam-
ples of patients with B. miyamotoi disease (<9,085 copies/
mL) and showed that an early diagnosis of this disease is 
possible if a PCR for the 16S rRNA gene is used. The con-
centration of B. miyamotoi RNA in blood is higher than 

that for DNA. We found a low median RNA:DNA ratio 
(≈4), which indicates that use of RNA as the target mol-
ecule is inappropriate.

We obtained data on the duration of spirochetemia, 
which contributes to the early diagnosis of B. miyamotoi 
disease. It is possible to detect borrelial DNA by PCR dur-
ing the first 3 days of the disease. However, bacterial DNA 
is then no longer detectable in the blood, so PCR detection 
is ineffective after 4 days. We detected 73 Borrelia spp. 
ELISA-positive patients without erythema migrans who 
seroconverted within the observation period and were PCR 
negative for both Borrelia spp. On average, these samples 
were obtained later than B. miyamotoi PCR-positive sam-
ples, suggesting that they might have been collected after 
the end of the period of spirochetemia and caused the PCR-
negative results.

We characterized the duration of B. miyamotoi spi-
rochetemia during acute illness. Although there was no 
strong clinical confirmation, our data showed that B. mi-
yamotoi DNA and RNA might be detected in the circula-
tion within 30 days after onset of disease. This extended 
parasitemia is probably related to disease relapse (20). Lee 
et al. (8) provided indirect results for B. miyamotoi spiro-
chetemia and detected B. miyamotoi DNA in blood samples 
of 4 patients during the period with little tick exposure in 
the northeastern United States. These authors suggested 
that this off-season spirochetemia with a low bacterial  
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Table 2. Dynamics of Borrelia miyamotoi RNA and DNA load in blood samples from 23 patients with Borrelia miyamotoi disease, 
Yekaterinburg, Russia, 2010 and 2015* 

Year and 
patient ID 

PCR product for B. miyamotoi, copies/mL 
Day 1 Day 2 Day 3 Day 4 Day 5 

RNA DNA RNA DNA RNA DNA RNA DNA RNA DNA 
2010           
 1 NA NA 1.9 × 104 3.3 × 104 – – NA NA NA NA 
 2 NA NA 1.9 × 104 5.5 × 104 NA NA NA NA 3.1 × 103 2.7 × 104 
 3 NA NA 2.0 × 103 2.4 × 103 – – – – – – 
 4 NA NA 9.5 × 102 3.4 × 103 3.4 × 102 7.1 × 102 – – – – 
 5 NA NA 1.6 × 103 1.2 × 104 – 8.5 × 101 – – – – 
 6 NA NA NA NA 1.1 × 103 2.6 × 104 – – NA NA 
 7 NA NA 6.7 × 103 2.7 × 104 – – NA NA NA NA 
 8 NA NA 6.5 × 102 2.8 × 103 – – NA NA NA NA 
 9 NA NA 9.9 × 103 1.7 × 104 – – NA NA NA NA 
2015           
 10 NA NA 1.2 × 104 8.2 × 103 2.2 × 101 – – – – – 
 11 NA NA 2.8 × 105 9.2 × 104 1.0 × 103 3.2 × 102 – – – – 
 12 NA NA 5.4 × 104 1.7 × 104 – – – – – – 
 13 NA NA 8.7 × 104 8.8 × 103 – – – – – – 
 14 NA NA 6.1 × 104 3.2 × 104 NA NA – – – – 
 15 NA NA NA NA 1.8 × 103 1.3 × 103 NA NA NA NA 
 16 2.0 × 104 1.9 × 104 NA NA NA NA 2.0 × 102 1.3 × 101 NA NA 
 17 NA NA NA NA 3.4 × 103 6.9 × 102 – – – – 
 18 NA NA 1.9 × 104 7.2 × 104 – – – – – – 
 19 NA NA 4.3 × 104 1.4 × 104 9.7 × 101 3.0 × 101 – – – – 
 20 NA NA 4.2 × 105 9.6 × 104 – – 3.2 × 102 8.0 × 101 – – 
 21 NA NA 2.9 × 102 6.5 × 101 – – – – – – 
 22 NA NA NA NA 3.3 × 102 2.3 × 103 – – – – 
 23 NA NA NA NA 1.3 × 104 4.1 × 103 NA NA – – 
*Day indicates day after onset of symptoms. Bold indicates day of starting antimicrobial drug therapy (ceftriaxone). For patients 1, 4, 9, 17, 19, and 22, 
antimicrobial drug therapy was started on day 6 or later. ID, patient identification; NA, not available (blood sample was not obtained); –, negative. 
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density was most likely the result of bacteria being dis-
lodged periodically from persistent deep-tissue lesions (8). 
Thus, a long-term study of pathogen persistence is required.

The duration of B. miyamotoi spirochetemia is rela-
tively short. Thus, the true number of ambulatory and hos-
pitalized patients infected with B. miyamotoi will not be 
known until a sensitive, reliable, diagnostic laboratory test 
(i.e., serologic test) is available to detect causative agents 
in patients with acute infections in disease-endemic areas.

This study was supported by the Russian Scientific Foundation 
(project no. 15-15-00072).
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We demonstrate maintenance and transmission of severe 
fever with thrombocytopenia syndrome virus by Haemaphy-
salis longicornis ticks in the larva, nymph, and adult stages 
with dissemination in salivary gland, midgut, and ovarian tis-
sues. The H. longicornis tick is a competent vector to trans-
mit this virus in both transovarial and transstadial modes.

Severe fever with thrombocytopenia syndrome (SFTS) 
is an emerging infectious disease caused by SFTS virus 

(SFTSV), identified in China in 2009 (1) and subsequently 
in South Korea (2) and Japan (3). Symptoms of SFTS usu-
ally include fever, thrombocytopenia, and leukocytopenia; 
case-fatality rates are 10%–30% (1,4). SFTS is implicated as 
largely a tick-associated disease, supported by evidence that 
many patients had exposure to ticks before disease onset (1). 
The longhorned tick, Haemaphysalis longicornis, the most 
abundant human-biting tick species in most SFTS-endem-
ic areas of China (5), was found to harbor SFTSV (1,6,7). 
These studies suggested that H. longicornis ticks might be 
competent vectors for SFTSV transmission. Our study was 
designed to determine the role of the H. longicornis tick as a 
vector in maintenance and transmission of SFTSV.

The Study
We randomly allocated 90 female H. longicornis ticks 
from an SFTSV-free colony into 2 equal groups, experi-
mental and control. We injected the experimental group 
with SFTSV and the control group with phosphate-buffered  

saline (PBS). Seven days postinjection, we used 18 of the 
35 live SFTSV-infected ticks for the detection of viral 
RNA by real-time reverse transcription PCR (rRT-PCR) 
(online Technical Appendix, https://wwwnc.cdc.gov/EID/
article/24/5/15-1435-Techapp1.pdf); all showed positive 
results, confirmed by subsequent rRT-PCR and sequenc-
ing analysis. Twelve days postinjection, we dissected 5 
live ticks from the experimental group to detect SFTSV in 
salivary glands and ovaries by indirect fluorescence assay 
(IFA), which showed notable SFTSV-specific fluorescence 
(Figure 1, panel A). For the control group, none of the 19 
ticks tested by rRT-PCR had SFTSV RNA, and none of the 
5 ticks tested by IFA showed SFTSV-specific fluorescence 
(Figure 1, panel B). 

We then let the remaining 12 live ticks from both 
groups feed on naive Balb/C mice (4 ticks/mouse) until 
the ticks detached from the mice. The engorged females 
were harvested and maintained to lay eggs. We deter-
mined transovarial transmission of SFTSV by further 
testing of SFTSV RNA from eggs, larvae, and nymphs 
using rRT-PCR. A total of 15 pools of eggs laid by 5 in-
fected H. longicornis ticks (3 pools from each tick, each 
pool coming from a single female) were SFTSV RNA 
positive. In contrast, the egg pools from ticks of the con-
trol group were all negative. When hatched to larvae, 
20 of 25 pools derived from the infected H. longicornis 
ticks (5 pools from each tick) tested positive for SFTSV 
RNA; all 25 larvae pools of the control group tested neg-
ative (Table 1).

We further performed transstadial transmission of 
SFTSV by rearing larvae to adults. All remaining larvae 
were reared to nymphs and adults by feeding on 20 na-
ive Balb/C mice. We subjected 1 mouse to SFTSV RNA 
testing after it was bitten by each pool of larvae and the 
hatched nymphs and adults; we used the other mice for 
feeding multiple pools of larvae and the hatched nymphs 
and adults. We fed 3,195 larvae in the experimental group 
and 2,987 in the control group to engorgement and random-
ly selected and tested engorged larvae. We maintained the 
other engorged larvae for molting to nymphs. In all, 694 en-
gorged larvae in the experimental group and 652 engorged 
larvae in the control group successfully molted to nymphs  
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(online Technical Appendix Tables 1, 2). The remain-
ing 569 nymphs in the SFTSV group and 527 nymphs in 
the control group were fed on 20 naive Balb/C mice; 453 
nymphs in the SFTSV group and 437 in the control group 
were fully engorged. We divided the remaining engorged 
nymphs into 5 replicate cohorts; 166 engorged nymphs 
(39% ± 6% standard error [SE]) in the experimental group 
and 155 (38% ± 5% SE) in the control group matured to 
adults (online Technical Appendix Tables 1, 2). The over-
all hatching rate of eggs and molting rates of nymphs and 
adults in the 2 groups were comparable.

All 25 engorged larvae pools (5 pools from each 
mother) in the SFTSV-infected group and none from the 
control group were positive for SFTSV RNA (Table 1). 
After the larvae molted to nymphs, 23 of 25 nymph pools 
from the SFTSV-infected group and none from the control 
group tested positive for SFTSV RNA. Similarly, all 25 en-
gorged nymph pools from the SFTSV-infected group and 
none from the control group were positive. When the sec-
ond generation emerged, we tested 50 adults (25 females, 
25 males) in each group for SFTSV RNA; in the SFTSV-
infected group, 44% (11/25) of the females and 36% (9/25) 
of the males tested positive, whereas all 25 females and 25 

males in the control group were negative. Positive samples 
were confirmed by identical sequences to that of the inocu-
lated virus strain.

A total of 83 naive Balb/C mice were infested by 
ticks (online Technical Appendix Table 3). All 3 Balb/C 
mice fed by the SFTSV-infected females were positive for 
exposure to SFTSV 1 week after the ticks detached. Of 
the naive Balb/C mice that were bitten by larvae from the 
SFTSV-infected group, 4 of 5 were positive for SFTSV 
RNA, as were 4 of 5 mice bitten by nymphs, 4 of 5 mice 
bitten by adult female ticks, and 3 of 5 mice bitten by 
male ticks; mice bitten by ticks from the control group 
were negative (Table 2). We used IFA to test serum sam-
ples from the mice collected before and 3 weeks after de-
tachment of ticks at different developing stages; all mice 
positive for SFTSV RNA demonstrated seroconversion 
against SFTSV (Table 2).

Three of 4 pools of saliva and hemolymph from the ex-
perimental group were SFTSV RNA positive. We selected 
5 females at random from each group to detect SFTSV in 
tissues by IFA. The salivary glands, midguts, and ovaries 
of the SFTSV-injected group displayed SFTSV-specific 
fluorescence (Figure 2).
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Figure 1. Specific detection 
of severe fever with 
thrombocytopenia syndrome 
virus (SFTSV) in microinjected 
Haemaphysalis longicornis 
ticks by indirect fluorescence 
assay. A) SFTSV-injected ticks 
12 days after microinjection 
(original magnification ×10). 
Red arrows indicate specific 
fluorescence s. B) Phosphate-
buffered saline–injected ticks 12 
days after microinjection (original 
magnification × 10). No specific 
fluorescence is seen.

 
Table 1. Detection of severe fever with thrombocytopenia syndrome virus RNA in experimental and control Haemaphysalis longicornis 
ticks 

Source 
Experimental infection group 

 
Control group 

No. tested % Positive ± SE No. tested % Positive 
Mother tick carcasses 5  100  5 0 
Egg pool* 15  100  15  0 
Larvae pool† 25 80.0 ± 1.7  25  0 
Engorged larvae pool‡ 25  100  25  0 
Nymph pool§ 25 92.0 ± 1.4  25  0 
Engorged nymph 25 100  25  0 
Male adult 25 36.0 ± 5.4  25  0 
Female adult 25 44.0 ± 2.9  25  0 
Female hemolymph pool¶ 3 66.7 ± 9.4  4  0 
Female saliva pool# 4 75.0 ± 14.4  4  0 
Male hemolymph pool¶ 3 33.3 ± 9.4  4  0 
*Eggs were tested in pools of 60. 
†Larvae were tested in pools of 50. 
‡Engorged larvae were tested in pools of 5. 
§Nymphs were tested in pools of 5. 
¶Hemolymph collected from 5 ticks was pooled as 1 sample. 
#Saliva collected from 5 ticks was pooled as 1 sample. 
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We observed a significantly higher level of viral load 
in second-generation eggs than in second-generation adults 
(p< 0.001 by Mann-Whitney U-test). We also found a sig-
nificantly higher level (p< 0.0001) of viral load in saliva of 
engorged second-generation adults than in saliva of unen-
gorged adults, indicating that SFTSV had multiplied.

Conclusions
We report the experimental maintenance and transmission 
of SFTSV in H. longicornis ticks. After microinjection 
of SFTSV, the virus disseminated in ovaries and salivary 
glands. Infected H. longicornis ticks could transmit SFTSV 
successfully in both transovarial and transstadial modes. 
The appearance of SFTSV in saliva and hemolymph sug-
gests that the virus circulates in the tick hemocoel and is 
expressed in saliva. In addition, naive Balb/C mice infested 
with experimentally infected adults, larvae, and nymphs all 
became infected, evidenced by both detection of SFTSV-
specific RNA and seroconversion. 

These findings, together with data on natural infection 
in the field (1,6), implicate H. longicornis ticks as com-
petent vectors for SFTSV. However, the evidence derived 
from IFA and rRT-PCR tests could not indicate that the 
virus is infectious. More efforts should be taken to demon-
strate the infectivity of SFTSV in the transmission cycle. 

H. longicornis ticks are widely distributed in the Asia–
Pacific region (8–12). Predominant hosts of H. longicornis 
ticks include humans, poultry, livestock, wild rodents, and 
birds (12–14). As displayed in mice in the current research, 
SFTSV is likely to be maintained through vertical and hori-
zontal transmission in ticks that infest these wild and domes-
tic mammals. This maintenance has been evidenced by an ex-
traordinarily high prevalence of SFTSV in sheep, cattle, dogs, 
pigs, and other animals (7,14). In areas where H. longicornis 
ticks are endemic, infested animals could be considered as key 
reservoirs in maintaining and transmitting SFTSV (15). The 
close contact between animals and their owners could pose 
another way of acquiring infection, in addition to tick bites.
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Table 2. Detection of severe fever with thrombocytopenia syndrome virus in Haemaphysalis longicornis tick–infested mice* 

Stage (sex) No. mice No. ticks/mouse 
No. positive by rRT-PCR No. positive 

by IFA Titer ± SE Experimental group Control group 
Adults (female) 3 4 3 0 3 3.01 ± 0.30 
Larvae 5 50 4 0 4 2.78 ± 0.15 
Nymphs 5 10 4 0 4 3.16 ± 0.17 
Adults (female) 5 5 4 0 4 3.09 ± 0.15 
Adults (male) 5 5 3 0 3 2.81 ± 0.35 
*IFA, indirect fluorescence assay; rRT-PCR, real-time reverse transcription PCR. 

 

Figure 2. Specific detection of severe fever with thrombocytopenia syndrome virus (SFTSV) in tissues of adult Haemaphysalis 
longicornis ticks by indirect fluorescence assay. The green fluorescence represents the SFTS virus.  A) Salivary gland of SFTSV-
injected tick (original magnification ×40). B) Midgut of SFTSV-injected H. longicornis tick (original magnification ×10). C) Ovary 
of SFTSV-injected tick (original magnification ×40). D) Salivary gland of phosphate-buffered saline (PBS)–injected tick (original 
magnification ×40). E) Midgut of PBS-injected H. longicornis tick (original magnification ×10). F) Ovary of PBS-injected tick (original 
magnification ×40).
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We investigated 1,228 residents of 3 rural areas in  
South Korea and determined that 50 (4.1%) were positive 
for severe fever with thrombocytopenia syndrome virus  
antibodies. Fever and gastrointestinal symptoms in the 
previous 3 years and career duration were associated with 
virus seropositivity.

Severe fever with thrombocytopenia syndrome (SFTS) 
is a tick-transmitted, acute febrile disease caused by 

SFTS virus (SFTSV) (1,2). Previous studies have not de-
termined the seroprevalence of SFTSV in South Korea. 
Therefore, we investigated SFTSV seroprevalence among 
residents of rural areas in South Korea and identified fac-
tors associated with seropositivity.

The Study
We conducted our study in rural areas of 3 provinces (Myeon-
cheon-myeon, Dangjin-gun, Choongcheongnam-do Prov-
ince; Nodong-myeon, Boseong-gun, Jeollanam-do Prov-
ince; and Gahoe-myeon, Hapcheon-gun, Gyeosangnam-do 
Province) in South Korea that had reported SFTS patients 
to the Korean Center for Disease Control during 2013–2014 
(Figure 1) (3). In September 2014, we administered a struc-
tured questionnaire regarding demographic characteristics 
and occupational and living conditions to 1,228 residents of 
these areas. We collected blood samples from these persons 
and subjected them to indirect immunofluorescent assays to 
determine SFTSV IgG titers. Participants were defined as 
being seropositive if the indirect immunofluorescent assay 
IgG titer was >1:32 (Figure 2). Written consent was obtained 
from all participants before administration of the survey and 
blood tests. This study was approved by the Chosun Univer-
sity Institutional Review Board.

Of 1,228 persons included in the analysis (Table 1, https://
wwwnc.cdc.gov/EID/article/24/5/15-2104-T1.htm),  

786 (64.0%) were women, 831 (67.7%) were >65 years 
of age, and 713 (58.1%) worked in agriculture. A total of 
225 (18.3%) participants had lived in the same residence 
for 1–20 years, and 757 (61.6%) had lived in the same 
residence for >41 years; 255 (20.8%) had raised domes-
tic animals and livestock (among which dogs were most 
common). Furthermore, 166 (13.5%) had received a tick 
bite during their lifetime (Table 1). The highest tick bite 
rate was reported in Boseong (94, 26.8%), followed by 
Hapcheon (43, 10.7%) and Dangjin (29, 7.1%). In the 
year before the study, 75 (6.1%) of patients in the total 
cohort had a tick bite (Boseong: 52, 12.5%; Dangjin: 13, 
3.2%; Hapcheon: 10, 2.5%), and 25 (2.0%) had a fever 
and gastrointestinal (GI) symptoms (i.e., SFTS symp-
toms) during the previous 3 years.

Among the total sample, 50 (4.1%) persons were se-
ropositive for SFTSV (Figure 1): 23 (5.5%) in Boseong, 
16 (4.0%) in Hapcheon, and 11 (2.7%) in Dangjin. Anti-
body seroprevalence was 2.3% (9/397) for persons <64 
years of age and 4.9% (41/831) for persons >65 years of 
age (Table 1). Persons who had fever and GI symptoms 
in the previous 3 years were more likely to be seroposi-
tive. Antibody positivity was also higher for persons with 
a long career duration, but we did not identify any correla-
tions with occupation type, outdoor activity–related char-
acteristics, or type of work in the previous year. Further-
more, 50 persons had antibody titers >1:32, among whom 
6 had had a tick bite in the previous year. Among these 6 
persons, 5 (83.3%) had an antibody titer >1:128. For 44 
persons who did not have tick bites in the previous year, 
15 (34.1%) had an antibody titer >1:128. Persons who had 
a tick bite in the past year had significantly higher anti-
body titers (p = 0.021).

We used multiple logistic regression analysis to 
identify variables with significant (p<0.1) probabilities 
of being associated with seropositivity. Persons who had 
fever and GI symptoms in the previous 3 years (odds 
ratio [OR] 4.09, 95% CI 1.25–13.36) and those who 
had a career duration of >41 years (OR 2.36, 95% CI 
1.11–5.02) had a higher likelihood of seropositivity than 
nonsymptomatic persons and those who had a career du-
ration of 1–20 years (Table 2). In addition, of 25 (2%) 
persons with fever and GI symptoms or suspected SFTS 
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symptoms in the previous 3 years, 4 (16.0%) were SFTS 
seropositive; among the 1,202 with no suspected SFTS 
symptoms, 3.8% (n = 46) were SFTS seropositive (p 
= 0.002). Persons who had fever and GI symptoms in 
the previous 3 years were more likely to be seropositive  
for SFTSV.

Conclusions
A much higher mortality rate was observed for patients 
with SFTS in South Korea than for patients in China (4). 
In addition, the high SFTS case-fatality rate in South Korea 
(47.2%, 17/36) is a serious public health concern (5). The 3 
areas examined in this study were rural, and most residents 
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Figure 1. Seroprevalence in 3 rural 
areas (2014) and incidence in 8 
provinces (2013–2014) of severe 
fever with thrombocytopenia 
syndrome, South Korea. Within 
each province, 1 rural area 
was selected on the basis of 
the number of cases. Green 
circles indicate seroprevalence 
determined by using an indirect 
immunofluorescence assay.  
The incidence rate is per 1  
million persons.

Figure 2. Representative indirect 
immunofluorescent assays 
of Vero E6 cells infected with 
thrombocytopenia syndrome 
virus from patients in rural 
areas, South Korea. Indirect 
immunofluorescent assays 
were conducted by using 
serially diluted patient serum as 
primary antibody and fluorescein 
isothiocyanate–conjugated 
antihuman IgG as secondary 
antibody. A) H1 serum (negative, 
dilution 1:32, IgG titer <1:32);  
B) B321 serum (positive, dilution 
1:64, IgG titer 1:512); C) H214 
serum (positive, dilution 1:32, 
IgG titer 1:128); D) D127  
serum (positive, dilution 1:32, 
IgG titer 1:256). Original 
magnification x400.
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were elderly agriculture workers. In China, queried sero-
positive farmers denied having typical SFTS symptoms 
(6). In contrast, despite possible recall bias in our study, 
seroprevalence was higher for patients who reported fever 
and GI symptoms (i.e., SFTS symptoms) during the previ-
ous 3 years.

When 2,510 residents of Jiangsu Province, China, 
were subjected to SFTSV antibody testing, 1,104 (0.44%) 
were seropositive (6). In contrast, a study of 2,547 farmers 
in a rural area of the same province reported a seroposi-
tivity rate of 1.3% (7). Thus, SFTSV seroprevalence was 
3-fold higher for rural farmers than for the general popula-
tion (6,7). Li et al. also reported that seroprevalence tended 
to increase with age (7). These findings might help to ex-
plain the relatively high seroprevalence (4.1%) observed in 
our study.

Moreover, studies have indicated that mild or sub-
clinical SFTS might be common. For example, SFTS vi-
ral antibody testing of healthy residents in Zhejiang Prov-
ince, China, showed that 7.2% had IgG against SFTSV 
(8). In this study, when persons were asked if they had 
had GI symptoms and fever in the previous 3 years, 
which indicated a suspected SFTSV infection, 25 (2.0%) 
persons, including 4 (8.0%) of 50 seropositive persons 
reported that they had had these suspected SFTS symp-
toms. Furthermore, persons who reported suspected SFTS 
symptoms were more likely to be seropositive. Therefore, 
subclinical or mild SFTSV infections might be present in 
the study communities.

In addition, the higher antibody titers for persons who 
had ticks bites in the past year indicate a correlation be-
tween tick bites and antibody titer positivity. Long career 
duration was associated with SFTS seroprevalence in this 
study. Most study participants were elderly; age and career 
duration showed a weak positive correlation (r  =  0.312, 

p<0.001). Additional research is needed to investigate 
SFTSV seroprevalence, including various age groups con-
taining an adequate number of persons. 

Our study had some limitations. First, we did not use 
other seropositivity testing methods, such as ELISA, be-
cause of lack of availability. Second, recollection of symp-
toms (e.g., fever) on the questionnaire might have intro-
duced recall bias.

In summary, SFTSV seroprevalence was 4.1% for 
residents in 3 rural areas of South Korea. A history of fever 
and GI symptoms and a long career duration were associ-
ated with SFTSV seroprevalence.
This study was supported by the National Institute of Health, 
Korea Centers for Disease Control and Prevention (grant no. 
2015ER530100).
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Table 2. Risk factors associated with SFTSV seropositivity 
determined by using multiple logistic regression in rural areas, 
South Korea* 
Characteristic aOR (95% CI) 
Age, y 

 

 <64 1.00 
 >65 1.45 (0.60–3.50) 
No. family members 

 

 0 (alone) or 1 1.57 (0.64–3.87) 
 >2 1.00 
Tick bite during previous year 

 

 No 1.00 
 Yes 1.60 (0.62–4.11) 
SFTS-related symptoms during previous 3 y 

 

 No 1.00 
 Yes 4.09 (1.25–13.36) 
Career duration 

 

 1–20 1.00 
 21–40 1.44 (0.52–3.99) 
 >41 2.36 (1.11–5.02) 
*aOR, adjusted odd ratio; SFTSV, severe fever with thrombocytopenia 
syndrome virus. 
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Infection with Usutu virus (USUV) has been recently as-
sociated with neurologic disorders, such as encephalitis or 
meningoencephalitis, in humans. These findings indicate 
that USUV is a potential health threat. We report an acute 
human infection with USUV in France putatively associated 
with a clinical diagnosis of idiopathic facial paralysis.

Usutu virus (USUV) is a mosquitoborne flavivirus. 
This virus was detected in South Africa in 1959 and 

is maintained through an enzootic cycle involving birds as 
the main amplifying reservoir hosts and ornithophilic mos-
quito species as vectors (mainly Culex spp.) (1). Mammals, 
including humans, are incidental dead-end hosts. Although 
USUV was considered a tropical or subtropical virus, it was 
recently introduced in central and western Europe. Emer-
gence of USUV in Europe was reported in Austria in 2001, 
but retrospective analyses have suggested an earlier intro-
duction because several epizootics and small outbreaks 
among local birds have been suspected since 1996 (1). In 
2016, a large USUV epizootic was reported in Belgium, 
France, Germany, and the Netherlands (2).

The zoonotic potential of USUV was initially de-
scribed in the Central African Republic and recently 
confirmed in Europe by reports of neuroinvasive in-
fections caused by this virus (1). Further evidence of 
probable human infections was demonstrated by sero-
prevalence studies on healthy blood donor samples: 
prevalence of 1.1% in Italy (3) and 0.02% in Germany 

(4). Furthermore, a recent blood donor screening in Ger-
many identified an acute USUV infection (5). Although 
human infections have not been identified in France, 
deaths of birds during 2015–2016 confirmed USUV  
circulation (6,7).

Moreover, recent data have shown a high prevalence 
(7%) of USUV in Culex pipiens mosquitoes in the Rhone 
River delta, a region also called Camargue, in 2015 (M. 
Eiden et al., unpub. data). Camargue is a landscape of wet-
lands that hosts a diversity of wild bird species, including 
migratory birds, and diverse mosquito populations. This 
environment could potentially favor transmission of USUV 
to humans, similar to that for West Nile virus (WMV) in 
this area (8).

We investigated the zoonotic potential of USUVs and 
WNVs in France by a retrospective flavivirus molecular 
survey of cerebrospinal fluid (CSF) samples collected in 
2016 during the period of maximum mosquito activity 
(May–November). Samples were obtained from patients 
with infectious or neurologic syndromes in 2 towns near 
Camargue. One CSF sample was positive for USUV RNA. 
We report detection of an acute human infection with 
USUV in France associated with an unexpected clinical di-
agnosis of idiopathic facial paralysis.

The Study
We retrospectively screened a collection of RNA extracts 
stored at –80°C by using a modified consensual panflavi-
viruses assay (9) with a One-Step RT-PCR Sybr-Green 
Mixture (QIAGEN, Hilden, Germany). Extracts were ob-
tained from 666 CSF samples collected at the Université 
de Montpellier Hôpital (Montpellier, France) and Nîmes 
University Hospital (Nîmes, France) during May–Novem-
ber 2016. Samples are part of a registered systematic col-
lection established for epidemiologic purposes during the 
surveillance period for risk of infection with arboviruses 
(May–November) in a region of southern France that has 
Aedes albopictus mosquito vectors (Table). RNA extracts 
from samples with a previous probable bacterial or viral 
etiology were not assessed.

One sample showed a positive reverse transcription 
PCR (RT-PCR) result for panflaviruses (cycle threshold 
33). Subsequent Sanger dideoxy sequencing with amplifi-
cation primers for a 260-bp nonstructural protein 5 gene 
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sequence identified a USUV RNA sequence. Phylogenetic 
analysis based on this partial sequence, previously shown 
to accurately discriminate USUV lineages (2,10), identified 
a strain closely related to viruses that were circulating in 
birds in southern Europe (Figure 1).

We tested a remaining stored aliquot of a CSF sam-
ple for USUV by using a specific USUV RT-PCR (cycle 
threshold 30) (11). We inoculated this aliquot onto Vero 
cells and primary human astrocytes (12) after a round of 
amplification in C6/36 cells. Infected Vero cells showed a 
typical cytopathic effect (Figure 2, panel A) (13). We also 
detected infected astrocytes by immunofluorescence, thus 
demonstrating the presence of infectious viral particles 
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Table. Clinical conditions or symptoms associated with microbial 
investigations of cerebrospinal fluid samples for infections with 
arboviruses, France* 
Condition No. (%) positive samples 
Meningitis/encephalitis 277 (41.6) 
Neurologic disorders† 233 (34.9) 
Febrile syndrome 108 (16.2) 
Other 48 (7.0) 
Total 666 (100.0) 
*Samples collected at the Université de Montpellier Hôpital (Montpellier, 
France) and Nîmes University Hospital (Nimes, France) during May–
November 2016. 
†Including (if >2%) convulsion/epileptic seizure (25%); 
paralysis/paresthesia/polyradiculoneuritis/motor loss/palsy (31%); myelitis 
(2%); vascularitis (3%); encephalopathy (6%); Guillain-Barré syndrome 
(4%), headache (15%); and confusion (10%). 

 

Figure 1. Phylogenetic relationship of the France-Montpellier-2016 strain of Usutu virus (USUV) (box; GenBank accession no. 
LT854220), isolated from a 39-year-old man in Montpellier, France, who had an atypical neurologic presentation, compared with 
other USUV strains based on the partial nonstructural protein 5 gene sequence. USUV sequences are shown with their country of 
isolation, year of isolation, and GenBank accession numbers. Hosts from which the strains were detected (bird, mosquito, bat, or 
human) are shown next to strain names. Analysis was processed through the French phylogeny website (http://www.phylogeny.
fr). Nucleotide sequences were aligned by using MUSCLE software (https://www.ebi.ac.uk/Tools/msa/muscle/). The phylogenetic 
tree was constructed by using the maximum-likelihood method in PhyML (http://www.atgc-montpellier.fr/phyml/). One hundred 
bootstrap datasets with random sequence addition were computed to generate a consensus tree drawn with TreeDyn software  
(http://www.treedyn.org/) and rooted with a West Nile virus sequence (GenBank accession no. AF196835). Numbers along branches 
are bootstrap values. Map shows locations where USUV strains were detected in France during 2015–2016. Scale bar indicates 
nucleotide substitutions per site.
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(Figure 2, panel B). However, we detected no viremia in a 
blood sample by specific USUV RT-PCR and no specific 
USUV antibodies. Although virus and antibody dynam-
ics are unknown for acute USUV infection, it is likely that 
these samples, collected 3 days after onset of symptoms, 
were collected too early to detect antibodies, as observed 
for other flaviviruses (14).

The case-patient was a 39-year-old man admitted to 
the Department of Neurology, Université de Montpellier 
Hôpital on November 10, 2016, because of sudden periph-
eral facial palsy and eyelid ptosis after prodromal dysgeu-
sia. We obtained informed consent from the case-patient to 
publish his results.

The patient did not report any previous infectious signs 
or history of recent travel. Symptoms onset occurred 3 days 
before admission, and at the time of admission, he experi-
enced gradual paresthesias of both right limbs and reported 
transient right upper limb palsy for ≈1 h. No other objec-
tive alteration of cranial nerves was detected during neuro-
logic examination. Sensitivity was normal with presence of 

regular osteo-tendinous reflexes. Blood cell count, levels of 
liver enzymes, and renal function results were within ref-
erence ranges. No inflammatory or infectious syndromes 
were observed.

C-reactive protein level in a blood sample was 0.6 
mg/L (reference value <5 mg/L). CSF protein level was 
67 mg/dL (reference range 15–35 mg/dL). There was no 
pleiocytosis. Results of CSF cultures and routine PCRs 
were negative for herpes simplex virus, varicella zoster 
virus, and enteroviruses. Magnetic resonance imaging of 
the brain showed unremarkable results: no ischemic dis-
orders on diffusion-weighted imaging and no enhance-
ment with gadolinium in brainstem and cranial nerves. 
Results of nerve conduction studies on the 4 limbs were 
normal. The patient was given a diagnosis of idiopathic 
facial paralysis.

The patient was given corticoids, valaciclovir, and eye 
drops for prevention of keratitis. He was discharged 3 days 
later, and symptoms of facial palsy disappeared within a 
few weeks.
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Figure 2. Cerebrospinal fluid 
sample of a 39-year-old man 
in Montpellier, France, infected 
with USUV who had an atypical 
neurologic presentation. The 
sample was amplified for 6 days on 
C6/36 cells, and the supernatant 
was used to infect Vero cells or 
primary human astrocytes. A) 
Cytopathic effect (presence of 
adherent dead cells and absence 
of heaps; all dead cells were 
scattered) was observed at day 5 
postinfection of a Vero cell culture. 
Scale bar indicates 100 µm. B) 
Mock or infected primary human 
astrocytes were fixed at day 4 
postinfection and labeled with pan-
flavivirus antibody (MAB10216, 
clone D1–4G2) by indirect 
immunofluorescence (green). 
Strong labeling was observed in 
some cells (arrows). Nuclei are 
labeled with DAPI (4′,6-diamidino-
2-phenylindole) (blue). NI, not 
infected; USUV, Usutu virus. Scale 
bar indicates 10 μm.
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Conclusions
Since the first major epizootic event in 2002, continuous 
geographic expansion of the range of USUV in Europe has 
been shown by reports of epizootics or small outbreaks 
from various countries in western Europe, with widespread 
activity of multiple lineages (2). Thus, USUV has likely 
become a potential human health concern and an increas-
ing number of human infections have been described. Our 
report suggests an acute human USUV infection and shows 
that circulation of USUV involves a wider geographic dis-
tribution in France than reported (2). Phylogenetic analysis 
of the virus sequence isolated from the patient showed a 
strain probably related to the USUV/Spain strain, which 
has been detected in common blackbirds in France (6). 
Because our study region was near Camargue, detection 
of similar strains upstream and at the mouth of the Rhone 
River is consistent.

The zoonotic potential of USUV infection in Europe 
has been reported in a limited number of cases, including 
reports of encephalitis or asymptomatic cases (1). Howev-
er, a retrospective study in a disease-endemic area in Italy 
showed that human USUV infection is not a sporadic event 
and showed a higher incidence than infection with WNV 
(1). For our case-patient, absence of evidence of an infec-
tious syndrome associated with a clinical neuromuscular 
presentation of acute unilateral facial paralysis is atypical. 
However, because idiopathic facial paralysis, also known 
as Bell’s palsy, could be caused by ischemic, immune, and 
infective mechanisms (15) and the well-described neurot-
ropism of some flaviviruses, the etiologic role of USUV 
must not be ruled out.

Our report of an acute human USUV infection in 
France reinforces the need for integrated surveillance in 
animals, vectors, and humans. The atypical clinical pre-
sentation remains an intriguing point that deserves more 
investigations and suggests that human USUV infections 
might display various clinical patterns and could have  
been underestimated.
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Alkhurma hemorrhagic fever virus RNA was detected in im-
mature Hyalomma rufipes ticks infesting northward migratory 
birds caught in the North Mediterranean Basin. This finding 
suggests a role for birds in the ecology of the Alkhurma hem-
orrhagic fever virus and a potential mechanism for dissemi-
nation to novel regions. Increased surveillance is warranted.

Alkhurma hemorrhagic fever virus (AHFV) was iden-
tified in 1995 after an outbreak of viral hemorrhagic 

fever in Jeddah Province, Saudi Arabia (1). This virus 
is a variant of Kyasanur Forest disease virus (KFDV), 
which is endemic in eastern India, and a member of the 
mammalian tickborne flaviviruses (2). An association 
between Alkhurma hemorrhagic fever cases and live-
stock handling was identified early on, suggesting goats 
and sheep are potential reservoirs (3). Furthermore, 
AHFV has been identified in Ornithodoros savignyi soft 
ticks and Hyalomma dromedarii hard ticks (potential 
vectors) in Saudi Arabia, both of which are associated 
with camels (potential reservoir) (4,5). Alkhurma hem-
orrhagic fever is endemic in several provinces of Saudi 
Arabia; sporadic cases have been reported in Africa near 

the Egypt–Sudan border and cases of seropositivity in 
Djibouti (6–8) (Figure 1). AHFV RNA has also been de-
tected in Amblyomma lepidum ticks collected from cattle 
in Djibouti (9).

The clinical manifestation of Alkhurma hemorrhagic 
fever resembles that of other viral hemorrhagic fevers: 
initial malaise and influenza-like symptoms, followed 
by encephalitis, icterus, and ecchymosis. Case fatality is 
≈25% but could be considerably lower, considering mild 
cases are probably undiagnosed (1). It has been suggested 
that both KFDV and AHFV originated in Africa and that, 
subsequently, KFDV spread to India and AHFV to Saudi 
Arabia, KFDV possibly disseminating farther to southern 
China by migratory birds (2). Also, other pathogens have 
been found to disseminate by means of ticks on migratory 
birds (10). In light of these findings, case reports in Africa 
(6–8), and increasing case frequency in Saudi Arabia (11), 
we investigated whether ticks infesting migratory birds en 
route from Africa to Europe and Asia during springtime 
carry AHFV.

The Study
We collected ticks from birds migrating northward ini-
tially at 2 bird observatories on the Mediterranean  
islands Capri (Italy; 40°33′N, 14°15′E) and Andikíthira 
(Greece; 35°51′N, 23°18′E) during spring of 2009 and 
2010. We captured 14,824 birds (78 species) during their 
yearly migration, presumably leaving Africa for breeding 
grounds in Europe or Asia. We collected 747 ticks, 88% 
of which were identified morphologically as members of 
the complex H. marginatum sensu lato (s.l.), most likely 
H. rufipes and H. marginatum. We screened cDNA for 
AHFV by real-time PCR with primers targeting the 5′ 
untranslated region of AHFV (12). Five fully engorged 
ticks, morphologically and molecularly determined to be 
H. marginatum s.l., likely H. rufipes (GenBank accession 
nos. MH061004–MH061008, MH061010–MH061014), 
tested positive for AHFV RNA in 2 separate analyses. 
These 5 ticks (4 nymphs, 1 larva) were collected at An-
dikíthira in 2010 (Table) from 3 bird species that win-
ter in sub-Saharan Africa and breed in Europe (Figure 1, 
panels A–C). One sedge warbler (Acrocephalus schoeno-
baenus) carried 2 AHFV-positive nymphs. Sequencing of 
the 5′ untranslated region amplicons revealed 2 identical 

Alkhurma Hemorrhagic Fever Virus RNA  
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Migratory Birds, Europe and Asia Minor
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72-bp sequences. BLAST (http://www.ncbi.nlm.nih.gov/
blast/) and comparative analyses revealed high identity to 
AHFV and KFDV reference sequences, despite a region 
with 7 consecutive mismatching nucleotides and a 14-nt 
deletion (Figure 2, panel A). Apart from this difference, 
100% identity was seen with all other AHFV and KFDV 
sequences available in GenBank.

Because of these results, we included additional bird 
observatories and collection sites along with Capri and An-
dikíthira in spring of 2014 and 2015: the Anapodaris River, 
Crete, Greece (34°59′N, 25°17′E); Huelva Province, Spain 
(37°30′N, 5°30′W); Sevilla Province, Spain (37°33′N, 
6°55′W); Canary Islands, Spain (28°9′N, 15°25′W); Jeru-
salem, Israel (31°47′N, 35°13′E); and the Kizilirmak Delta, 
Turkey (41°38′N, 36°05′E). We ringed 22,069 birds (137 
species) and collected 1,024 ticks. RNA was extracted at 

Uppsala University (Uppsala, Sweden) and sent to Agence 
Nationale de Sécurité Sanitaire de l’Alimentation (Paris, 
France) for high-throughput screening by microfluidic real-
time PCR (Biomark Dynamic Arrays, Fluidigm, South San 
Francisco, CA, USA) targeting multiple tickborne viruses 
(S. Moutailler, unpub. data). One fully engorged adult tick, 
molecularly determined to be H. marginatum s.l. (GenBank 
accession nos. MH061009, MH061015), likely H. rufipes, 
collected from a common redstart (Phoenicurus phoeni-
curus) in Turkey tested positive for AHFV RNA (Table) 
when using a set of primers and probe that amplifies part of 
the KFDV/AHFV premembrane region (Kyasanur_poly_F, 
5′-ACACGATGCACACACCTGC-3′; Kyasanur_poly_R, 
5′- CACCAATGAAACTCTAGTCGTC-3′; Kyasanur_
poly_P, 5′-AGAACCGGGACTTTGTCTCAGGGAC-3′). 
To confirm this finding, a subsequent real-time PCR was 
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Table. Characteristics of birds infested by ticks testing positive for Alkhurma hemorrhagic fever virus RNA by real-time PCR, Greece 
and Turkey, 2010 and 2014 

Ring no. Bird species 
Capture 

date Tick species Life stage 
Capture 

site 
B913855 Eastern woodchat shrike (Lanius senator niloticus) 2010 May 5 Hyalomma marginatum sensu 

lato (H. rufipes) 
Nymph Greece 

A228919 Sedge warbler (Acrocephalus schoenobaenus) 2010 May 7 H. marginatum s.l. (H. rufipes) Nymph Greece 
A225683 Western yellow wagtail (Motacilla flava) 2010 May 9 H. marginatum s.l. (H. rufipes) Larva Greece 
A225166 Sedge warbler (A. schoenobaenus) 2010 May 13 H. marginatum s.l. (H. rufipes) Nymph Greece 
A225166 Sedge warbler (A. schoenobaenus) 2010 May 13 H. marginatum s.l. (H. rufipes) Nymph Greece 
JB53791 Common redstart (Phoenicurus phoenicurus) 2014 Apr 29 H. marginatum s.l. (H. rufipes) Adult Turkey 

 

Figure 1. Wintering (light brown) and breeding (green) locations and springtime migratory routes (arrows) of birds testing positive for 
Alkhurma hemorrhagic fever virus (AHFV) RNA in Greece and Turkey, 2010 and 2014. The 4 bird species found infested by Hyalomma 
ticks carrying AHFV RNA were the western yellow wagtail (Motacilla flava) (A), eastern woodchat shrike (Lanius senator niloticus) (B), 
sedge warbler (Acrocephalus schoenobaenus) (C), and common redstart (Phoenicurus phoenicurus) (D). Red shading indicates areas 
where AHFV has been detected. The dashed line shows the approximate northern geographic boundary of H. marginatum complex 
ticks (based on information from the European Center for Disease Prevention and Control, https://ecdc.europa.eu/en/disease-vectors/
surveillance-and-disease-data/tick-maps). H. rufipes ticks have a wide geographic distribution in Africa and are present in Saudi Arabia. 
Collection sites are labeled: Andikíthira, Greece (A); Capri, Italy (C); Jerusalem, Israel (J); Kizilirmak Delta, Turkey (K); Huelva and 
Sevilla Provinces, Spain (S); Canary Islands, Spain (L); and Crete, Greece (T). Maps created based on information from The Birds of 
the Western Palearctic, volumes 5–7, Oxford (UK): Oxford University Press; 1988, 1992, 1993.
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performed with the same primers and probe. Alignment 
of the 31-bp fragment revealed a single nucleotide change 
compared with available AHFV sequences and 3 or 4 dif-
ferences compared with available KFDV sequences (Fig-
ure 2, panel B). The methods used did not enable virus 
isolation and propagation; therefore, acquisition of further 
sequence information proved difficult. The common red-
start also breeds in Europe and winters in sub-Saharan Af-
rica, similarly to the 3 previously mentioned bird species 
(Figure 1, panel D).

Conclusions
We detected AHFV/KFDV RNA in 6 of 1,771 investigated 
ticks. Although we could not differentiate between KFDV 
and AHFV on the basis of the short sequences analyzed, 
we suggest these sequences represent AHFV because this 
supposition is geographically and ecologically more plau-
sible. Our findings are insufficient to establish the role of 
the H. rufipes tick as an AHFV vector. However, detection 
of AHFV RNA in Europe and Asia Minor raises concerns 
for conceivable dissemination of the virus to these areas, 
facilitated by climate change resulting in increased distri-
bution of Hyalomma spp. ticks.

H. rufipes ticks are widely distributed in Africa and 
are also present on the Arabian Peninsula, along the Red 
Sea coast (13). The H. rufipes species is a 2-host tick; 
that is, the nymph remains attached to ingest blood on 
the same host it did for its first blood meal as a larva. 
Immature ticks usually infest birds or small mammals 
(e.g., hares), whereas adult ticks feed on larger mammals 
(e.g., camels, buffaloes, cattle, and large birds) (13). 
Consequently, the AHFV-positive ticks (except the 1 
adult) most likely had fed only on the bird to which they 
were attached. This assumption implies that an imma-
ture tick could have acquired the virus vertically from its 
mother, from its putatively viremic avian host, or by co-
feeding transmission, which can occur when ticks feed 
close to >1 infective tick (14,15). However, in this case, 
co-feeding transmission is less plausible because the 2 
ticks attached to the same bird were not located close to 

each other (on the beak and nape). For several tickborne 
viruses, including KFDV, vertical transmission from the 
adult female tick to the eggs occurs. However, the prev-
alence of transovarial infection in nature is considered 
low (14). The 1 positive adult tick could have acquired 
virus in any of these ways or from a previous mammalian 
blood meal.

To our knowledge, birds have not been shown to play 
a role in the ecology or epidemiology of AHFV, and this 
tick species has not been identified previously as a possi-
ble vector. Our finding of this virus in ticks infesting birds 
en route from Africa to Europe and Asia, together with 
clinical cases in southern Egypt, the detection of AHFV 
RNA in ticks, and cases of seropositivity in Djibouti, 
could indicate a wider geographic distribution of the virus 
throughout eastern Africa and in novel regions. Further 
investigations of AHFV ecology and modes of transmis-
sion, including the potential role of Hyalomma ticks as 
vectors and passerine birds as reservoirs or distributors 
of potentially infected ticks, as well as increased surveil-
lance, are needed.
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Figure 2. Nucleotide alignments of novel AHFV sequences obtained from Hyalomma marginatum sensu lato ticks (likely H. rufipes) with 
reference AHFV and KFDV sequences. A) Partial alignment of 5′ untranslated region of AHFV obtained from tick collected from bird on 
Andikíthira, Greece, 2010, with corresponding reference sequences of AHFV (GenBank accession no. JF416957) and KFDV (GenBank 
accession no. HM055369). B) Partial alignment of premembrane sequence of AHFV obtained from tick collected from bird in Turkey, 
2014, with corresponding reference sequences of AHFV (GenBank accession no. JX914663) and KFDV (GenBank accession no. 
JQ434075). AHFV, Alkhurma hemorrhagic fever virus; KFDV, Kyasanur Forest disease virus.
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Combining the official cholera line list data and outbreak in-
vestigation reports from the ministries of health in Uganda 
and South Sudan with molecular analysis of Vibrio cholerae 
strains revealed the interrelatedness of the epidemics in 
both countries in 2014. These results highlight the need for 
collaboration to control cross-border outbreaks.

Most countries in sub-Saharan Africa are affected by 
cholera epidemics ranging from annually to every 3–5 

years or more (1,2). Cholera tends to be reported at the na-
tional or subnational level with few attempts to understand 
how it may simultaneously affect multiple countries in the 
same region (3–5). Published studies combining both micro-
biological and epidemiologic evidence are also scarce. How-
ever, better understanding of the interrelatedness of cholera 
spread between neighboring countries can provide the impe-
tus for more cross-border collaboration in the fight against 
the disease. This subject is especially relevant in areas with 
porous borders that experience large population movements, 
like the border of South Sudan and Uganda.

Large urban communities or cities in cholera-prone 
areas may play a role in the persistence and transmission  

of cholera within Africa, given the high volume of trav-
el between cities and other areas and the relatively high 
population density. Epidemiologic data do show sup-
port for the notion that large cities in Africa are hubs 
of transmission (6), but in-depth analyses are needed to 
substantiate or refute these hypotheses. Here we explore 
epidemiologic and microbiological data from cholera epi-
demics in Uganda and South Sudan in 2014 to establish  
possible interrelatedness.

The Study
We used the official cholera dataset and outbreak investi-
gation reports from the ministries of health in Uganda and 
South Sudan. Both countries use the Integrated Disease 
Surveillance and Response System (https://www.cdc.gov/
globalhealth/healthprotection/idsr/about.html) and have 
adopted similar case definitions from the World Health Or-
ganization for areas with confirmed transmission. A sus-
pected cholera case was defined as acute watery diarrhea 
in a person >2 years of age. A confirmed case was defined 
as a suspected case in which a stool sample had a culture-
positive result for Vibrio cholerae O1 or O139.

Cholera case reporting began on April 25, 2014, 
in Moyo District in northern Uganda, bordering with  
Kajo-Keji County in South Sudan (Figure 1, panel A). This 
region reported 88 cases and 3 deaths in the subsequent 
weeks (Figure 2). The epidemic was contained after rapid 
implementation of control measures.

Cholera case reporting began on April 29, 2014, in 
Juba, South Sudan (300 km from Moyo town, Uganda), 
with a case investigation finding no evidence of travel out-
side of Juba. Within days, the first reported cholera out-
break in South Sudan since 2009 began, resulting in 6,269 
suspected cases, including 105 deaths in health facilities 
and 51 community deaths (case-fatality ratio 2.4%) by the 
end of October 2014 (7). Transmission continued in Juba 
throughout the epidemic, and outbreaks occurred through-
out the country, including large outbreaks in the north.

In early July 2014, months after the last confirmed 
case in Uganda but during a period of intense transmis-
sion in South Sudan, a new outbreak was reported in Moyo 
district, in subcounties (Metu and Dufile) that were not 
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affected during the first outbreak (Itirikwa, Aliba, and Gi-
mara); cases were eventually reported in the neighboring 
Arua district. An investigation revealed that the presumed 
index case-patient of this second outbreak had traveled to 
South Sudan. In total, 86 cases and 4 deaths were reported 
in Moyo and Arua Districts by October 22.

Although not all suspected cases were confirmed dur-
ing the outbreaks, both countries routinely sent samples to 
their respective national reference laboratory for microbio-
logical confirmation. We characterized 56 strains at Institut 
Pasteur (Paris, France) by determining the antimicrobial 
drug resistance patterns using the disk diffusion method 
following CA-SFM (Comité de l’Antibiogramme de la 
Société Française de Microbiologie) 2013 standards for 
Enterobacteriaceae (http://www.sfm-microbiologie.org/); 
subtyping with pulse-field gel electrophoresis (8) with 
SfiI and NotI restriction enzymes (Roche Molecular Bio-
chemicals, Indianapolis, IN, USA); and multilocus variable 

number tandem repeat (MLVA) analysis targeting 6 loci in 
the V. cholerae genome (9), and by genotyping tests (10). 
We used BioNumerics version 6.6 (Applied Maths, Inc., 
Austin, TX, USA) for clustering analysis (online Techni-
cal Appendix, https://wwwnc.cdc.gov/EID/article/24/5/17-
1651-Techapp1.pdf).

All 56 isolates were V. cholerae O1 serotype Inaba, 
atypical El Tor biotype, based on rstRET, tcpAET, and ctxBCla 
gene sequences (classical ctxB1 allele) (10). The isolates 
shared similar antimicrobial drug resistance patterns and 
were resistant to trimethoprim/sulfamethoxazole, sulfon-
amides, streptomycin, and nalidixic acid (confirmed by 
MIC determination [MICs 16–256 mg/L] with Etest; AB 
bioMérieux, Solna, Sweden). Sequencing of the genes en-
coding DNA gyrase (gyrA and gyrB) and topoisomerase IV 
(parC and parE) detected 1 mutation in gyrA (substitution 
of serine by isoleucine at position 83), which has been as-
sociated with quinolone resistance in clinical V. cholerae 
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Figure 1. Locations and molecular analysis of 2014 epidemic in Uganda and South Sudan. A) Affected areas in both countries. Light 
brown indicates districts where we did not obtain any isolate for molecular analysis; red, orange, and blue areas represent affected 
districts with cholera isolates included in the analysis. B) Multilocus variable-number tandem-repeat (MLVA) analysis. Minimum spanning 
tree using pairwise difference was generated using Bionumerics version 6.6 (Applied Maths, Inc., Austin, TX, USA). Circles represent 
the 8 distinct MLVA profiles we identified, numbered chronologically by the earliest isolate of each profile. The MLVA profiles differ by 
variations at a single variable-number tandem-repeat locus located in the small chromosome only (VCA 0171, VCA 0283). The size of 
the circles is proportional to the number of isolates in each profile. Colors represent the location of the isolates and correspond with the 
colors of the areas in Panel A.
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isolates (11). PFGE analyses revealed a single SfiI profile 
and 2 NotI profiles, 1 represented by a single strain. We 
identified 8 highly related MLVA profiles (Figure 1, panel 
B) and found variability only in 2 loci on the small chro-
mosome (VCA0171 and VCA0283). All MLVA profiles 
formed a single clonal complex, in which all isolates can 
be connected through mutations at a single locus. These 
results demonstrate genetic uniformity of isolates and pro-
vide strong evidence that these epidemics in 2 countries 
resulted from the spread of a single clone with probable 
epidemiologic links.

This analysis has several limitations. The identified 
index cases in each country may not truly have been the 
initial case-patients, given that the surveillance systems 
in both locations are not highly sensitive. We selected the 
cases for culture by convenience sampling. Whereas ran-
dom sampling is ideal, it is difficult to implement during 
epidemics because of competing priorities. Furthermore, 
although studies have shown that 6-locus MLVA can be 

highly discriminative for identifying a closely related pan-
demic strain isolated in a small timeframe and geographic 
area (12,13), our lack of knowledge of MLVA limitations 
makes it more difficult to draw inferences about strain re-
latedness and phylogenetic history, especially compared 
with whole-genome sequencing (14).

Conclusions
Through epidemiologic and molecular data, we illustrated 
that the 2 outbreaks in South Sudan and Uganda in 2014 
clustered into a single epidemic. The spread of cholera 
from border communities in Uganda to South Sudan and 
from South Sudan back to Uganda is a critical issue that 
needs further clarification to improve control strategies. 
Isolating the neighboring communities from one another is 
not possible; however, we recommend coordinated inter-
ventions by the 2 countries to identify the sources of infec-
tion, as was done during Ebola outbreaks in West Africa 
during 2014–2016.
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Figure 2. Epidemic curve of suspected cholera cases in South Sudan (A) and Uganda (B) in 2014, by hospital admission date and region.
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The 2014 cholera epidemics probably evolved from a 
local outbreak in northern Uganda to a national outbreak in 
South Sudan; population movement, living conditions, and 
events in the capital, Juba, most likely played a key role 
in the spread of the disease to other areas in South Sudan 
and beyond. Refining our understanding of cholera beyond 
administrative boundaries, perhaps adopting regional ap-
proaches in addition to national cholera control efforts, and 
including key hubs of transmission, such as cities, may be 
key to minimizing the spatial extent and magnitude of fu-
ture epidemics.

Joint implementation of disease control interven-
tions and rapid information sharing platforms can 
strengthen collaboration between states to control the 
outbreaks. Further studies to describe the relatedness 
and routes of transmission of V. cholerae organisms and 
track the progression of the outbreaks, combining tradi-
tional and molecular epidemiologic tools, can aid public 
health decision making in Africa and beyond (15). Inter-
national agencies should facilitate funding and support 
for joint country activities to expedite control of cross-
border cholera epidemics.
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Table. Characterization of Vibrio cholerae O1 isolates from South Sudan and Uganda, 2014* 

Location 
No. 

isolates* 
Sample collection 

period 
MLVA 

profile no.  

VNTR loci designation 
PFGE 

profile† 
VC 

0147 
VC 

0437 
VC 

1457 
VC 

1650 
VCA 
0171 

VCA 
0283 

Uganda and 
South Sudan 

9 2014 April–June 1 10 7 3 7 10 18 1/1 (8), 
2/1 (1) 

Uganda and 
South Sudan 
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*MLVA, multilocus variable-number tandem-repeat analysis; PFGE, pulsed-field gel electrophoresis; VNTR, variable-number tandem-repeat. 
†PFGE profile number obtained after restriction with NotI and SfiI respectively (NotI/SfiI). The number in parentheses refers to the number of isolates 
sharing the same profile. 
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We conducted an external quality assessment of Zika virus 
molecular diagnostic tests in Brazil using a new Zika virus 
standard. Of 15 laboratories, 73% showed limited sensitiv-
ity and specificity. Viral load estimates varied significantly. 
Continuous quality assurance is required for adequate  
estimates of Zika virus–associated disease and determina-
tion of patient care.

The catastrophic Zika virus outbreak in the Americas 
has affected millions of persons. Brazil was the most 

affected country and reported ≈95% of all cases of suspect-
ed Zika virus–associated congenital disease (1). Limited 
sensitivity and specificity of tests hampers serologic detec-
tion of Zika virus–specific antibodies in tropical regions 
(2). Thus, real-time reverse transcription PCR (RT-PCR) 
has been key for diagnosing acute Zika virus infection and 
for use in epidemiologic studies (3–5). However, Zika virus 
molecular diagnostic testing is challenged by short-term vi-
remia and low viral loads (3).

A recent external quality assessment (EQA) in Europe 
revealed that 60% of laboratories need to improve molecu-
lar Zika virus detection (6). Laboratories in affluent coun-
tries conduct Zika virus diagnostic testing predominantly in 
travelers returning from tropical regions. In resource-limit-
ed settings to which multiple co-circulating arboviruses are 
endemic, the diagnostic demands differ entirely. To evalu-
ate the diagnostic landscape in the region most affected by 
Zika virus, we performed an EQA of molecular Zika virus 
diagnostic testing in Brazil during 2017.

The Study
Fifteen laboratories from 7 Brazilian states participated in 
this study; these laboratories are spread across ≈2,500 km 
longitude, including the areas most affected during Brazil’s 
Zika virus outbreak (1). Participants were university labo-
ratories, hospital laboratories, federal research institutes 
supporting public health services, and a diagnostic testing 
company. We provided EQA panels to all laboratories. 
Each panel comprised 12 lyophilized samples contain-
ing inactivated full virus spiked into human plasma tested 
negative for arboviruses beforehand. The panel consisted 
of 4 Zika virus–positive specimens of 103–106 RNA cop-
ies/mL to assess sensitivity and determine viral load. Zika 
virus–negative specimens to assess specificity comprised 
dengue virus serotypes 2 and 4, Japanese encephalitis  
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virus, St. Louis encephalitis virus, West Nile virus, yel-
low fever virus, and chikungunya virus at ≈105 50% tis-
sue culture infective dose/mL each and a negative plasma 
specimen (Table 1). Moreover, each panel included the in-
ternational World Health Organization (WHO) Zika virus 
standard for quantification (7). However, the WHO stan-
dard has limited availability. Importation of the WHO stan-
dard may be restricted by countries that perceive heat-inac-
tivated materials that derive from live virus as potentially 
infectious. Therefore, we designed and acquired a Zika 
virus armored RNA (Asuragen, Austin, TX, USA). The 
Zika virus armored RNA is a synthetic RNA covering the 
target sites of 9 Zika virus–specific real-time RT-PCRs as 
described previously (3), encapsulated into bacteriophage 
proteins. This highly stable, noninfectious, pseudoviral 
particle can be used as a universal control for the covered 
assays, shipped without biosafety concerns, and used as a 
control for both nucleic acid preparation and RT-PCR. 

We asked all laboratories to conduct molecular Zika 
virus diagnostics as routinely done with clinical samples 
and to quantify Zika virus–positive specimens using both 
standards. All but 1 laboratory used the same real-time RT-
PCR protocol developed by Lanciotti et al. (2), highlighting 
the wide dissemination of this assay in Brazil and suggest-
ing comparability of test results within this study (Table 
1). We found no significant difference between samples  

containing comparable quantities of the Asian and the Af-
rican Zika virus lineage, suggesting suitability of the proto-
cols for both lineages (p = 0.313 by Fisher exact test).

EQA results varied among laboratories. Of 15 labora-
tories, 4 (27%) reported correct results for all samples. Five 
(33%) reported 1 or 2 false-negative results from samples 
with low Zika virus concentrations (Table 1; Figure 1, pan-
el A). EQA participants correctly tested only the 2 samples 
containing the highest Zika virus concentrations of 8.1 × 
105 and 7.0 × 103 copies/mL (exact test of goodness-of-fit p 
= 1.00 and p = 0.14, respectively). This finding suggests a 
potential lack of sensitivity that may be problematic given 
that viral loads of 103–104 copies/mL are commonly ob-
served in Zika virus–infected patients (3).

Six (40%) laboratories reported >3 false results, includ-
ing at least 2 false-positive detections of Zika virus–nega-
tive specimens. No heterologous flavivirus was particularly 
affected by false-positive detection, suggesting that false-
positive results did not result from unspecific binding of as-
say oligonucleotides (Table 1). Instead, false-positive results 
hint at the possibility of laboratory contamination potentially 
resulting from virus isolation attempts or PCR amplicons 
generated during prior Zika virus experimentation.

EQA performance varied according to the way viral 
RNA was prepared. The 8 laboratories conducting Zika 
virus detection using automated platforms performed  
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Table 1. External quality assessment of 15 laboratories from 7 states of molecular diagnostic testing for Zika virus, Brazil* 

Lab ID 

Zika virus, copies/mL3 

CHIKV DENV-2 DENV-4 JEV SLEV WNV YFV Plasma 
Correct 

result/no. 
tested 

MRS, 
8.1  105 

MRS, 
7.0  103 

MRS, 
1.3  103 

MR766, 
2.1  103 

S-7 S-4 S-12 S-9 S-10 S-5 S-8 S-2 S-11 S-6 S-3 S-1 
3 + + + + – – – – – – – – 12/12 
11 + + + + – – – – – – – – 12/12 
12 + + + + – – – – – – – – 12/12 
13 + + + + – – – – – – – – 12/12 
1 + + + (–) – – –  – – – – 11/12† 
6 + + + (–) – – – – – – – – 11/12 
10 + + (–) + – – – – – – – – 11/12 
4 + + (–) (–) – – – – – – – – 10/12 
7 + + (–) (–) – – – – – – – – 10/12 
9 + + + + – – (+) – – (+) (+) – 9/12 
2 + + (–) (–) (+) – – (+) – – – – 8/12 
14 + + (–) + (+) – – – – (+) (+) (+) 7/12 
15 + (–) (–) (–) – (+) – (+) (+) – – – 6/12 
5 + + + + (+) (+) (+) (+) (+) (+) (+) (+) 4/12 
8 + + NT + NT (+) (+) (+) NT (+) (+) (+) 3/9 
Total‡ 15/15 

(100) 
14/15 
(93) 

8/14 (57) 9/15 (60) 11/14 
(79) 

12/15 
(80) 

12/15 
(80) 

11/15 
(73) 

12/14  
(86) 

11/15  
(73) 

11/15  
(73) 

12/15 
(80) 

Average 
9.2/11.8 

*Positive samples contained different amounts of Zika virus strain MRS_OPY_Martinique_PaRi_2015 (representing the Asian lineage, including the 
outbreak strain in the Americas) or Zika virus strain MR766 (representing the African lineage). Zika virus–negative controls contained human plasma, 
CHIKV, DENV seroypes 2 and 4, JEV, SLEV, WNV, or YFV. Samples were prepared from 0.2 mL phosphate buffered saline supplemented with 20% 
human plasma and spiked with virus culture supernatants. Viruses were heat inactivated before lyophilization. Human plasma was tested negative for 
viral RNA and for real-time reverse transcription PCR (RT-PCR) inhibition before spiking of viral cell culture supernatants. Detection of different samples 
was analyzed by the exact test of goodness-of-fit with p>0.1 being significant. The parameter value defining the expected ratio of correct tests was set to 
0.99. Only the 2 samples containing the highest Zika virus loads were tested correctly at statistical significance (p = 1.0 and p = 0.134, respectively). 
Detection of all other samples showed p values of <0.009. All laboratories except 1 used an assay published by Lanciotti et al. (2). CHIKV, chikungunya 
virus; DENV, dengue virus; ID, identification number; JEV, Japanese encephalitis virus; NT, samples not tested; S, sample no.; SLEV, St. Louis 
encephalitis virus; WNV, West Nile virus; YFV, yellow fever virus; +, correct positive result; –, correct negative result; (+), false-positive; (–),  
false-negative. 
†This laboratory used the RealStar Zika Virus RT-PCR Kit (Altona Diagnostics, Hamburg, Germany). 
‡Correct results/total results (%). 
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generally superior (n = 8; Youden index, 0.661) compared 
with the 7 laboratories conducting manual RNA extrac-
tion (Youden index, 0.446) (Table 2). This finding might 
indicate an increased risk for contamination during manual 
RNA preparation. However, automated RNA preparation 
also might represent a proxy for more affluent settings of 
those laboratories.

As previously reported (3), RNA extraction critically 
influences the clinical lower limit of detection (LOD). Al-
though all participants used highly sensitive real-time RT-
PCRs, clinical LODs varied considerably because of dif-
ferent RNA extraction protocols (Figure 1, panel B). Lack 
of detection of low-concentration EQA samples is thus 
not surprising because even a small decrease in sensitivity 
readily causes clinical LODs above the concentration of the 
lowest EQA panel specimen (Figure 1, panel C). This find-
ing highlights that optimized RNA extraction protocols are 
crucial for sensitive Zika virus diagnostics.

Quantification of Zika virus loads did not differ 
significantly between use of the armored RNA and the 

WHO Zika virus standard, with only 0.76 log10 medi-
an deviation between results (p = 0.429 by Wilcoxon 
signed rank test). This observation suggests usability of 
the armored RNA for Zika virus quantification in tropi-
cal regions. Irrespective of the standard, viral load de-
terminations among laboratories were comparable with 
0.12–0.88 log10 median deviations of viral load estimates 
among laboratories for individual Zika virus specimens. 
However, we also observed drastic deviations of up to 6 
orders of magnitude (Figure 2), suggesting that caution 
must be taken upon comparing viral load determinations 
as markers for severe Zika virus disease (8,9) among dif-
ferent laboratories.

Conclusions
Some laboratories in Brazil showed suboptimal sensitivity 
and specificity of Zika virus diagnostic testing. However, 
these laboratories performed comparably to those in Eu-
rope (6). Neither sensitivity nor specificity differed signifi-
cantly between laboratories in Brazil compared with those 
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Figure 1. External quality assessment (EQA) performance and 
lower limits of detection (LODs) for Zika virus molecular diagnostic 
testing, Brazil. A) EQA performance of individual laboratories. 
Gray bars above the baseline indicate correctly tested samples; 
bars below the baseline indicate incorrectly tested samples. 
Laboratories are sorted by the quantity of correct samples and 
the numeric order of the laboratory identification numbers. 
Laboratory 8 tested only 9 of 12 samples. B) Projected 95% LODs 
of participating laboratories under optimal conditions; C) projected 
95% LODs of participating laboratories assuming a 5-fold loss in 
sensitivity. LODs were projected using the technical LOD of the 
Lanciotti et al. assay as analyzed previously (2), input and elution 
volumes, and real-time reverse transcription-PCR setups. Efficacy 
of RNA extraction was assumed to be 100%. Whiskers indicate 
95% CIs. Dotted line indicates the lowest Zika virus RNA titer of an 
EQA specimen. Laboratories are grouped according to their EQA 
performance as excellent, medium, or problematic. LODs did not 
differ significantly among groups (p>0.05 by Kruskal-Wallis test).



Quality Assessment for Zika Diagnostic Testing

in Europe (p = 0.767 and p = 0.324, respectively, by Fisher 
exact test). Similarly, the proportion of perfectly perform-
ing laboratories in this EQA (27%) was comparable with 

previous EQAs of flavivirus molecular diagnostics, includ-
ing yellow fever virus (18%), dengue virus (24%), and 
West Nile virus (27%) (10–12). Flavivirus molecular di-
agnostics are thus generally challenging and benefit greatly 
from controls, such as those provided in this EQA. This 
study underscores the need to combine RT-PCR and sero-
logic testing in Zika virus diagnostic testing, despite their 
inherent limitations (3).

Independent of the challenges of Zika virus molecu-
lar detection, because of taxation and distributor margins, 
RT-PCR reagents in Latin America are usually 100%–
200% more expensive than in affluent countries (13). 
Limited resources and relatively higher costs potentially 
force laboratories in Brazil to seek inferior, more afford-
able solutions. Enhanced access of laboratories in tropical 
regions to state-of-the-art reagents is thus an unresolved 
key component of outbreak response. Further EQAs in 
Brazil should involve state laboratories that carry a large 
proportion of Zika virus testing within the public health 
care system. Unfortunately, the state laboratories we con-
tacted for this EQA could not participate because of lim-
ited resources.

Finally, lack of sensitivity directly affects estimates 
of the absolute risk for Zika virus–induced congenital 
disease upon maternal infection during pregnancy (14). 
False-positive results potentially have dramatic conse-
quences for patients, as illustrated by a >90% increase in 
illegal abortion requests in Latin America during the 2016 
Zika virus epidemic (15). Our results emphasize the need 
for continuous quality assessments of Zika virus diagnos-
tic testing globally.
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Figure 2. Quantification of Zika virus–positive samples using WHO 
Zika virus and armored RNA testing standards, Brazil. Zika virus–
positive samples contained either inactivated strain MRS_OPY_
Martinique_PaRi 2015 (Asian lineage) or strain MR766 (African 
lineage). Horizontal lines indicate median of the calculated Zika 
virus; whiskers indicate interquartile ranges. Statistical analysis was 
performed using GraphPad Prism 5.03 (GraphPad Software, Inc., 
La Jolla, USA). WHO, World Health Organization.

 
Table 2. Viral RNA preparation of individual laboratories in an external quality assessment for Zika virus molecular diagnostic 
testing, Brazil* 

Lab ID 
Extraction 
method Extraction kit 

Input 
volume, L 

Elution 
volume, L 

PCR template 
volume, L 

1 Manual QIAamp Viral RNA Mini Kit (QIAGEN, São Paulo, Brazil) 140 50 10 
2 Manual QIAamp Viral RNA Mini Kit (QIAGEN) 200 200 5 
3 Automated QIAsymphony DSP Virus/Pathogen Midi Kit (QIAGEN) 200† 60 8.8 
4 Automated Maxwell 16 Viral Total Nucleic Acid Purification Kit (Promega, 

São Paulo, Brazil) 
140 50 5 

5 Manual QIAamp Viral RNA Mini Kit (QIAGEN) 140 60 5 
6 Automated QIAsymphony DSP Virus/Pathogen Kit (QIAGEN) 200 100 5 
7 Manual QIAamp Viral RNA Mini Kit (QIAGEN) 140 60 4.5 
8 Automated Maxwell 16 Viral Total Nucleic Acid Purification Kit (Promega) 150 50 5 
9 Manual High Pure Viral Nucleic Acid Kit (Roche, São Paulo, Brazil) 200 50 1 
10 Manual QIAamp Viral RNA Mini Kit (QIAGEN) 160 50 5 
11 Automated NucliSENS easyMAG Kit (bioMérieux, Rio de Janeiro, Brazil) 200† 50 10 
12 Automated Magna Pure Compact Nucleic Acid Isolation Kit I—Large 

Volume (Roche) 
200‡ 50 5 

13 Automated Maxwell 16 Viral Total Nucleic Acid Purification Kit (Promega) 100 50 5 
14 Manual QIAamp Viral RNA Mini Kit (QIAGEN) 140 60 5 
15 Automated Abbot mSample Preparation System RNA (4  24 prep) (Abbott, 

São Paulo, Brazil) 
200 80 5 

*All details are listed as declared by the participants. ID, identification. 
†Laboratory that filled the 200 µL provided in this external quality assessment panel to higher standard extraction input volumes ranging from 500 µL to 
1,200 µL using human plasma tested negative for arboviral infections beforehand. 
‡Laboratory that filled the 200 µL provided in this external quality assessment panel to higher standard extraction input volumes ranging from 500 µL to 
1,200 µL using sterile nuclease-free water. 
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Heartland virus is a suspected tickborne pathogen in the Unit-
ed States. We describe a case of hemophagocytic lymphohis-
tiocytosis, then death, in an immunosuppressed elderly man in 
Missouri, USA, who was infected with Heartland virus.

Heartland virus (HRTV; genus Phlebovirus, family Phe-
nuiviridae [previously Bunyaviridae]) is a suspected 

tickborne pathogen in the United States (1). The virus was 
initially identified in 2009, and 9 cases of HRTV disease 
have been reported in the literature (2–5). Despite common 
features, the full spectrum of illness is unknown. We de-
scribe a fatal case of HRTV infection with hemophagocytic 
lymphohistiocytosis (HLH).

The Case
An elderly man from central Missouri, USA, came to the 
emergency department of a local hospital in June (year re-
dacted) reporting 6 days of nausea, anorexia, and fatigue, 
followed by confusion and shortness of breath with cough. 
He denied fever, chills, or chest pain. He worked outdoors 
and had numerous tick exposures. His medical history in-
cluded diabetes mellitus, chronic obstructive pulmonary 
disease, hypertension, coronary artery disease with ischemic 
cardiomyopathy, hypothyroidism, and rheumatoid arthritis; 
he was taking prednisone, methotrexate, and adalimumab.

On initial examination, he was afebrile (36.6°C), 
oriented only to year, and wheezed bilaterally on expi-
ration. Laboratory results (Table 1) showed acute kid-
ney injury, transaminitis, and mixed anion-gap meta-
bolic acidosis and respiratory alkalosis. Initial complete 
blood count results showed normocytic anemia and 
thrombocytopenia. Total leukocyte count was within 
reference range, but lymphocyte count showed absolute 
lymphopenia. Troponin I was mildly elevated without 
electrocardiographic changes. Results of chest radiog-
raphy and noncontrast computed tomography of the 
head were unremarkable. He was transferred to a ter-
tiary care center for management of possible acute coro-
nary syndrome and exacerbation of chronic obstructive  
pulmonary disease.

On post–symptom onset day (PSOD) 8, the patient 
became febrile (38.9°C) and increasingly confused; we 
intubated him for airway protection. We empirically pre-
scribed vancomycin, meropenem, ampicillin, and acyclovir 
for meningoencephalitis, as well as doxycycline for pos-
sible ehrlichiosis (Figure 1). We administered a platelet 
transfusion to complete a lumbar puncture safely. Lumbar 
puncture results revealed a mildly elevated cerebrospinal 
fluid (CSF) protein of 56 mg/dL and an unremarkable CSF 
glucose level of 64 mg/dL. Specimen tubes 1 and 4 cell 
counts were, respectively, 14 and 0 leukocytes/µL and 158 
and 14 red blood cells/µL.

Initial testing for an infectious etiology of the illness 
was negative (Table 2), including a low positive rickettsia 
IgG titer, for which repeated testing was negative. Chest 
radiograph on PSOD 11 showed new multifocal infiltrates; 
a tracheal aspirate grew Stenotrophomonas maltophilia in 
culture, and we started levofloxacin. On the same day, we 
documented leukopenia, and a core bone marrow biopsy 
demonstrated hypocellularity for his age without blasts, 
dysplasia, or atypia. We were unable to obtain an aspirate 
sample. We suspected HLH; his ferritin had increased from 
6,308 ng/mL on PSOD 8 to 53,666 ng/mL on PSOD 11 
(reference 22–322 ng/dL). In addition, he had fever, leuko-
penia, thrombocytopenia, and hypertriglyceridemia (Table 
1), meeting at that time 4 of 5 required diagnostic criteria by 
the HLH-2004 Histiocyte Society guidelines (6). We initi-
ated presumptive HLH treatment with etoposide and high-
dose dexamethasone on PSOD 12. We stopped vancomycin 
and meropenem on PSOD 18 but restarted on PSOD 20 to 
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Table 1. Selected laboratory values for immunocompromised patient infected with Heartland virus, Missouri, USA* 

Test type Reference range 
4 mo before 

symptom onset 
Post–symptom onset day 

6 8 11 18 20 
Leukocyte count, × 103 cells/µL 3.8–9.8  13.7 5.8 5.00 1.60 0.2 NR 
Absolute neutrophil count, cells/µL 1,800–6,600  7,400 5,000 4,100 1,200 <100 NR 
Absolute lymphocyte count, cells/µL 1,200–3,300  3,300 700 500 400 100 NR 
Hemoglobin, g/dL 13.8–17.2 12.1 11.8 10.5 7.1 7.0 NR 
Hematocrit, % 40.7–50.3 36.4 32.5 30.5 21.2 21.2 NR 
Platelets, × 103/µL 140–440  202 76 42 47 19 NR 
International normalized ratio 0.90–1.20 1.06 1.0 1.19 1.15 1.47 NR 
Partial thromboplastin time, s 25.0–37.0 46 40 53.1 56.6 39.7 38.3 
Lactate dehydrogenase, units/L 100–250 NR 422 641 3040 NR NR 
Haptoglobin, mg/dL 27–220 NR NR 208 227 NR NR 
Ferritin, ng/mL 22–322 NR NR 6,308 53,666 NR NR 
Fibrinogen, mg/dL 170–400 NR NR NR 215 NR NR 
Sodium, mmol/L 135–145 139 128 141 141 138 136 
Potassium, mmol/L 3.3–4.9 4.0 5.1 5.9 5.1 5.5 4.8 
Carbon dioxide, mmol/L 22–32 27 13 15 16 21 25 
Blood urea nitrogen, mg/dL 8–25 16 90 63 94 60 50 
Creatinine, mg/dL 0.70–1.30 1.31 3.38 1.75 4.74 1.95† 1.80† 
Troponin I, ng/mL 0.00–0.03 2.55 0.76 0.27 NR NR NR 
Cholesterol, total, mg/dL 0–200 258 115 NR NR NR NR 
Triglycerides, mg/dL 0–150 426 532 NR NR NR NR 
Aspartate aminotransferase, units/L 11–47  32 231 147 684 NR 146 
Alanine aminotransferase, units/L 7–53 17 186 112 118 NR 52 
Alkaline phosphatase, units/L 38–126 85 60 65 111 NR 65 
Bilirubin, total, mg/dL 0.3–1.1 0.3 0.1 0.2 0.2 NR 0.7 
Bilirubin, direct, mg/dL 0.0–0.3 0.1 0.1 NR 0.2 NR NR 
Amylase, units/L 28–100 NR 234 NR NR NR NR 
Lipase, units/L 0–99 NR 578 NR NR NR NR 
pH 7.35–7.45 NR 7.31 7.17 7.24 7.42 7.32 
PaCO2, mm Hg 35–45 NR 21 41 38 36 47 
PaO2, mm Hg 80–105 NR 125 93 108 159 96 
Temperature, °C 35.5–38.3 NR 36.6 38.9 38.2 37.3 35.4 
FiO2 0.21 NR 0.40 0.40 NR 0.40 NR 
*FiO2, fraction of inspired oxygen; NR, not reported; PaCO2, arterial partial pressure of carbon dioxide; PaO2, arterial partial pressure of oxygen. 
†On continuous venovenous hemodialysis.  

 
Figure 1. Chronology of selected laboratory 
findings and therapeutic interventions for 
immunocompromised patient infected with 
Heartland virus, Missouri, USA. Gray bars 
indicate treatments administered. CVVHD, 
continuous veno-venous hemodialysis;  
IV, intravenous.
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treat suspected sepsis after hypothermia and hypotension 
developed. The same day, we started voriconazole therapy 
to treat the patient for Aspergillus terreus identified from 
a sputum culture taken on PSOD 9. A. terreus had been 
deemed a contaminant, but we subsequently chose to treat it 
as a pathogen because of the patient’s leukopenia and respi-
ratory failure. On PSOD 20, the Centers for Disease Con-
trol and Prevention  (Fort Collins, CO, USA) notified the 
clinical care team that a blood sample obtained on PSOD 14 
was positive for HRTV RNA) by reverse transcription PCR 
(RT-PCR) and positive for HRTV neutralizing antibodies 
by plaque reduction neutralization test (titer 10). Because of 
the patient’s clinical decline, his family elected to transition 
to comfort care, and he died on PSOD 22.

Autopsy revealed splenomegaly and erythrophagocy-
tosis with histiocytic hyperplasia in bone marrow, spleen, 
and lymph nodes, consistent with HLH. In addition, dis-
seminated angioinvasive candidiasis was seen, and Can-
dida albicans was isolated from blood cultures previously 
taken on PSOD 20. Central nervous system (CNS) find-
ings included multiple brain infarcts without evidence of  

meningitis or encephalitis. Grocott’s methenamine silver 
stains of the occipital lobe were negative for yeast. All au-
topsy tissues were negative by HRTV immunohistochem-
istry (IHC) performed as previously described (4). How-
ever, the earlier bone marrow core biopsy had extensive 
HRTV antigen identified by retrospectively performed IHC 
(Figure 2). Autopsy specimens of blood, lymph nodes, and 
spleen were positive for HRTV RNA by RT-PCR.

The CSF (tube 4) and blood samples obtained on 
PSOD 8 were analyzed retrospectively for HRTV by using 
real-time PCR assay primers and probes as previously de-
scribed (3). HRTV RNA was detected in both specimens, 
although at substantively higher levels in the blood (cycle 
threshold 20) than in the CSF (cycle threshold 32).

Conclusions
HRTV was first identified in 2009, when 2 Missouri farm-
ers who had been bitten by ticks were admitted to a hospi-
tal for fever, fatigue, and anorexia (3). Since then, descrip-
tions of >7 additional cases, including 2 deaths, have been 
published (2,4,5). HRTV is believed to be transmitted by 
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Table 2. Infectious disease testing of immunocompromised patient infected with Heartland virus, Missouri, USA* 
PSOD Test and sample type Result 
6 Aerobic culture, urine Nonsignificant growth 
7 Rickettsia SFG IgG, serum 1:64 (normal <1:64) 
 Rickettsia SFG IgM, serum <1:64 (normal <1:64) 
 HIV 1, 2 antibody, serum Negative 
 Epstein-Barr viral capsid antibody, IgM, serum Nonreactive 
8 Aerobic and anaerobic culture, blood  2 No growth 
 Ehrlichia and Anaplasma PCR, blood Negative 
 Enterovirus RT-PCR, CSF Negative 
 Cytomegalovirus PCR, CSF Negative 
 West Nile virus IgG, CSF Negative 
 West Nile virus IgM, CSF Negative 
 Cryptococcal antigen, CSF Negative 
 Fungal culture, CSF No growth 
 Aerobic culture, CSF No growth 
 Fungal culture, blood No growth 
9 Aerobic culture, tracheal aspirate Aspergillus terreus 
 Aerobic culture, urine No growth 
 Aerobic and anaerobic culture, blood  2 No growth 
10 Aerobic and anaerobic culture, blood  2 No growth 
 Acid-fast bacilli culture, blood No growth 
 Fungal culture, blood No growth 
 Ehrlichia and Anaplasma PCR, blood Negative 
 Cytomegalovirus PCR, blood Not detected 
 Histoplasma antigen, urine Negative 
 Aspergillus galactomannan antigen, blood Negative 
 Rickettsia SFG IgG, serum <1:64 (normal <1:64) 
 Rickettsia SFG IgM, serum <1:64 (normal <1:64) 
11 Aerobic culture, tracheal aspirate ≥100,000 colonies/mL Stenotrophomonas 

maltophilia; ≥100,000 colonies/mL yeast 
14 Heartland virus RT-PCR, blood Positive 
20 Aerobic and anaerobic culture, blood Candida albicans 
 Fungal culture, blood No growth 
 Cytomegalovirus PCR, blood Not detected 
Autopsy Heartland virus RT-PCR, blood Positive 
 Heartland virus RT-PCR, lymph node Positive 
 Heartland virus RT-PCR, spleen Positive 

*Positive findings are in boldface type.  CSF, cerebrospinal fluid; HIV, human immunodeficiency virus; PSOD, post–symptom onset day; RT-PCR, reverse 
transcription PCR; SFG, spotted fever group. 
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the lone star tick (Amblyomma americanum) and may be 
present in various mammals (7–9). This patient’s condition 
was similar to those described in the literature, who had 
fatigue, anorexia, thrombocytopenia, and transaminitis at 
hospital admission.

HLH is a syndrome of T-cell and macrophage hyper-
activation, leading to elevated cytokines and end-organ 
dysfunction (10). Secondary HLH is often precipitated by 
infection, although malignancy and autoimmune diseases 
are also common precipitants. The HLH-2004 Histiocyte 
Society guidelines provide 8 diagnostic criteria for the syn-
drome, 5 of which must be met to establish the diagnosis 
(6). However, these guidelines were written on the basis 
of pediatric case series, and controversy remains regarding 
their sensitivity, specificity, and applicability in adults with 
HLH (11–13). We identified 4 HLH criteria at the time of 
treatment: fever, bicytopenia, hypertriglyceridemia, and 
hyperferritinemia. Two additional criteria, splenomegaly 
and hemophagocytosis, were documented at autopsy. Tests 
were not done for natural killer cell activity or soluble 
CD25 receptor levels.

We cannot directly prove that HRTV infection led to 
HLH in this case; however, there is a probable associa-
tion. First, 4 HLH criteria were met on PSOD 8, before 
the identification of other infections (e.g., S. maltophilia 
pneumonia and candidemia), although these conditions 
may have contributed to the HLH clinical course once pres-
ent. Second, HRTV without Candida spp. was detectable 
in the bone marrow at the time HLH was diagnosed, and 
erythrophagocytosis by HRTV antigen–positive cells in 
bone marrow were seen in the retrospective IHC analysis 

(Figure 2). Finally, 1 prior HRTV case report also detected 
hemophagocytosis in a lymph node (4).

This patient’s severe disseminated HRTV infection 
may have been exacerbated by his immunosuppressant 
medications, co-infections, or underlying conditions and 
could have been further exacerbated by etoposide and dexa-
methasone treatment. Multiple underlying conditions were 
also noted in another reported patient with fatal HRTV dis-
ease (4). We detected HRTV RNA in this patient’s CSF 
by RT-PCR, which may reflect CNS dissemination or 
may be from contamination with blood during the lumbar 
puncture. Further investigation is necessary to determine if 
HRTV can invade the CNS.

Increasing recognition of HRTV disease will support 
generating further data on clinical characteristics of and 
risk factors for higher severity. Clinicians should be alert to 
the possibility of severe HRTV disease, including the po-
tential development of HLH, in persons who are immuno-
suppressed, have multiple concurrent conditions, or both. 
Early recognition of HLH, treatment of patients diagnosed 
with this condition, and referral to tertiary care centers 
should be considered in these situations.
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A virus isolated from a sick horse from India in 2008 was 
confirmed by next-generation sequencing analysis to be 
equine encephalosis virus (EEV). EEV in India is concern-
ing because several species of Culicoides midge, which 
play a major role in EEV natural maintenance and transmis-
sion, are present in this country.

Equine encephalosis is an arthropodborne, nonconta-
gious disease of equids, characterized by fever and las-

situde (1). For some affected horses, lack of appetite and 
some degree of edema have been reported as secondary 
complications (2). Equine encephalosis virus (EEV; fam-
ily Reoviridae, genus Orbivirus) was first isolated from 
horses in South Africa in 1967 and was considered endemic 
to southern Africa until an outbreak was reported in Israel 
in 2008 (3). Reports of EEV circulation in Israel indicated 
that the virus is not limited to a particular region and raised 
concerns about the risk for its spread to other countries 
where competent hosts and vectors are present (3). A recent 
study examining EEV seroprevalence in Israel, Palestine, 
and Jordan has emphasized the potential risk for invasion 
of pathogens into new ecologic niches (4).

Two species of midge, Culicoides imicola (species 
complex) and C. bolitinos, have been implicated as EEV 
vectors (1). Although EEV infection results in high (60%–
70%) morbidity rates among equids, deaths from this infec-
tion are rare (1). Diagnosis of EEV infection is confirmed 
by several techniques, including virus isolation in baby 
hamster kidney cells or suckling mice and demonstration 
of EEV antigen by antigen capture ELISA and serum virus 
neutralization tests. In addition, the TaqMan minor groove 
binder probe reverse transcription PCR has been used for 
rapid detection of EEV strains and differentiation from Af-
rican horse sickness virus (5).

The EEV genome consists of 10 double-stranded 
RNA segments encapsulated by a double-layered icosahe-
dral shell. The viral genome encodes 7 structural proteins  

(virus capsid proteins [VPs] 1–7) and 3 nonstructural pro-
teins (NS1–3). On the basis of cross-neutralizing antibod-
ies, 7 distinct serotypes of EEV (EEV-1–7) have been char-
acterized (6).

Recent reports of next-generation sequencing analysis 
assert an unbiased identification of novel viruses in clinical 
samples (7,8). We investigated a virus isolated from nec-
ropsy samples received in 2008 from a horse in Pune, Ma-
harashtra, India. Data analyzed from the MiniSeq (https://
sapac.illumina.com/?langsel=/in/) output led to identifica-
tion and generation of the complete EEV genome.

The Study
In July 2008, the National Institute of Virology in Pune re-
ceived necropsy samples from a horse in Pune, including 
blood and organ tissue (lung, liver, kidney, and spleen). In 
addition, nasal swab, blood, and serum samples were col-
lected from 13 horses on the same farm, reported to have 
clinical signs similar to those of the dead horse (fever, nasal 
discharge, loss of appetite, and weakness). These 13 horses 
recovered. No further specific details could be retrieved af-
ter this virus was identified.

All samples from the 14 horses were negative for equine 
influenza, Japanese encephalitis, and West Nile virus RNA 
according to PCR (9). We isolated virus by using horse tis-
sue suspensions and blood samples as inocula. Each speci-
men was individually inoculated at a volume of 0.1 mL into 
24-well plates containing a subconfluent monolayer of Vero 
CCL-81 cells. After incubating for 1 h at 37°C, the inocu-
lum suspensions were removed and the cells rinsed twice 
with phosphate-buffered saline. We subsequently added 
Eagle minimum essential medium supplemented with 2% 
fetal calf serum and incubated the cells at 37°C. Postinfec-
tion cytopathic effects were observed by using an inverted 
light microscope (Nikon, Melville, NY, USA), and cellular 
morphologic changes were recorded. We determined viral 
titers in Vero CCL-81 cells to be 107.67 50% tissue culture 
infective dose/mL by using the method of Reed and Muench 
(10). We checked 8 vertebrate and 1 invertebrate cell lines 
for susceptibility to this virus. Most cells, with the exception 
of bat embryonic cells and A549 (human lung carcinoma), 
displayed postinfection cytopathic effects (Table 1).

Because the initial identification attempts in 2008 
yielded negative results, we performed a pathogen discov-
ery protocol by using our recently acquired next-generation 
sequencing instrument. We performed DNA and RNA ex-
tractions separately on 1 mL of tissue culture supernatants 
or cell pellets of virus-infected cells by using a QIAamp 
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DNA extraction kit or QIAamp Viral RNA extraction kit 
(QIAGEN, Valencia, CA, USA), according to manufac-
turer’s instructions. Concentrations of extracted RNA were 
quantified by using a Qubit 2.0 Fluorometer (Invitrogen, 
Carlsbad, CA, USA), and host ribosomal RNA was de-
pleted by using the NEBNext rRNA Depletion Kit (New 
England Biolabs, Ipswich, MA, USA). We requantified this 
purified RNA and prepared RNA libraries by using TruSeq 
Stranded mRNA Library Preparation Kit (Illumina, San 
Diego, CA, USA). Similarly, we prepared paired-end DNA 
sequencing libraries from DNA samples by using a Nextera 
XT DNA Library Prep Kit (Illumina). We quantified these 
libraries by using a KAPA Library Quantification Kit (Kapa 
Biosystems; Roche Diagnostics Corporation, Indianapolis, 
IN, USA) per manufacturer’s protocol and loaded them on 
an Illumina Miniseq next-generation sequencing platform. 
We imported the raw RNA data of 229 and 170 megabytes, 
along with DNA data of 176 and 199 megabytes for blood 
and lung samples, respectively, into the CLC Genomics 
Workbench software (QIAGEN) for analysis.

To assemble contiguous sequences (contigs) by using 
de novo assembly, we used paired-end reads for DNA and 
RNA. DNA reads for blood and lung samples gave 166 and 
113 contigs, with average lengths of 1,112 and 6,413 bp, 
respectively; 29 and 1,077 contigs were generated from the 
assembly of RNA reads for blood and lung samples, with av-
erage lengths of 1,376 and 1,034 bp, respectively. Figure 1 
depicts data from the RNA reads, classified by using Taxono-
mer (11). BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi)  

analysis of RNA contigs led to sample identification as 
EEV, and DNA contigs failed to identify any virus.

After the infectious agent was identified, we conducted 
reference sequence mapping for the RNA reads by using 
the EEV isolate Potchefstroom with the help of a reference-
guided assembly program (CLC Genomics Workbench). 
We recovered the full-genome sequence of EEV by using 
both contigs generated from de novo assembly and the ref-
erence mapping of the reads. A total of 7 fragments en-
coding the structural genes VP1–7 and 3 fragments encod-
ing the genes NS1–3, together comprising ≈19,290 nt of 
EEV, were generated. We compared the obtained genome 
sequence with other publicly available EEV sequences (Ta-
ble 2; Figure 2, panels A, B). NS3 gene analysis revealed 
that the EEV isolate from India shared the highest iden-
tity with the Potchefstroom EEV strain from South Africa, 
belonging to serotype 6. However, the VP2 gene had the 
highest resemblance to the Bryanston EEV strain, belong-
ing to serotype 4.

Conclusions
The complete genome of the EEV isolated from a dead 
horse confirmed the presence of EEV in India. We com-
pared the resultant full-genome sequence of this isolate 
with other EEV sequences available in GenBank. Phylo-
genetic analysis of the VP2 gene sequences, which is used 
for genotype classification of reoviruses, revealed that the 
isolate from India groups with the Bryanston EEV strain, 
belonging to serotype 4.
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Table 1. Susceptibility of vertebrate and invertebrate cells to equine encephalosis virus* 
Cell line Media used No. cell passages  CPE on PID, passage 2 
Vero CCL-81 MEM 16 PID 2 
Bat embryo (Pipistrellus ceylonicus) DMEM 66 No CPE 
PS (porcine stable kidney) MEM 107 PID 2 
BHK-21 (baby hamster kidney) MEM + 5% TPB 83 PID 2 
SW-13 (human adrenal cortex) L-15 42 PID 2 
RD (rhabdomyosarcoma) MEM 60 PID 2 
C6/36 (Aedes albopictus mosquito–derived) MM 147 PID 7 
Vero E6 MEM 53 PID 2 
A549 (human lung carcinoma) Ham F-12K 86 No CPE 
*CPE, cytopathic effect; DMEM, Dulbecco modified Eagle medium; MEM, Eagle minimal essential medium; PID, postinfection day; TBP, tryptose 
phosphate broth. 

 

Figure 1. Sample identification 
by use of next-generation 
sequencing. RNA reads from 
blood (A) and lung (B) samples 
from horse that died of equine 
encephalosis in India, 2008. 
Samples were categorized by 
using Taxonomer software (11); 
0.5% of the reads from blood 
samples (total reads 2,610,292, 
average length 137 bp) and 
12.5% of the reads from lung 
samples (total reads 2,125,678, 
average length 135 bp) were 
matched to those of reoviruses.
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Because no specific treatments or vaccines for EEV 
are available, infected horses are given supportive treat-
ment with nonsteroidal antiinflammatory drugs. The key 

control measure against EEV is to restrict its spread via 
arthropod vectors by carefully managing horses in a stable 
and adhering to appropriate biosafety measures. This report 
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Table 2. Nucleotide and amino acid divergence of different EEV strains from the EEV isolated from a horse in India, 2008* 

EEV 
GenBank 
sequence  

Nucleotide and amino acid divergence, % 
NS1, 

1,728 nt  
NS2, 

1,183 nt  
NS3, 
769 nt  

VP1, 
3,948 nt  

VP2, 
3,158 nt  

VP3, 
2,758 nt   

VP4, 
1,958 nt  

VP5, 
1,584 nt  

VP6, 
1,062 nt   

VP7, 
1,165 nt 

ND AD  ND AD  ND AD  ND AD  ND AD  ND AD  ND AD  ND AD  ND AD  ND AD 
EEV lungs 
NIV India 

0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0 

AB811632.1 
EEV Kimron1 

7 1  6 15  26 17  2 1  46 50  3 0  4 11  27 14  4 7  4 0 

FJ183388.1 
EEV 
HS103/06 

5 2  1 5  25 16  6 1  12 8  4 1  1 3  9 2  5 8  3 0 

HQ630889.1 
EEV strain 6 

7 2  4 12  1 2  1 0  47 55  7 1  4 10  28 17  4 6  7 0 

HQ630899.1 
EEV strain 4 

5 2  3 7  26 15  4 1  11 8  5 0  3 8  8 1  5 9  4 0 

HQ630909.1 
EEV strain 1 

4 2  3 10  25 15  5 1  43 47  2 0  4 11  26 12  5 7  4 0 

HQ630919.1 
EEV strain 2 

4 1  3 9  4 4  8 2  43 48  3 0  13 32  24 11  3 5  6 0 

HQ630929.1 
EEV strain 3 

4 2  7 19  25 15  5 1  46 50  5 0  2 6  27 15  5 8  2 0 

HQ630939.1 
EEV strain 5 

4 2  3 7  9 7  5 1  49 57  2 0  3 8  27 16  7 10  3 0 

HQ630949.1 
EEV strain 7 

5 2  5 13  9 7  6 1  50 59  4 0  2 4  28 17  1 2  3 0 

*AD, amino acid divergence; EEV, equine encephalosis virus; ND, nucleotide divergence; NIV, National Institute of Virology, Pune, India; NS, nonstructural 
protein; VP, virus capsid protein. 

 

Figure 2. Phylogenetic tree of nonstructural 3 (A) and virus capsid protein 2 (B) genes of equine encephalosis virus. Kimura 
2-parameter with (+ I) was used to create the evolutionary distance between 11 sequences of nonstructural 3 genes and virus capsid 
protein 2 genes from different isolates. Boldface indicates blood and lung samples from dead horse in Pune, India, 2008. GenBank 
accession numbers are given for reference virus sequences. Scale bars indicate nucleotide substitutions per site.
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of EEV in India is concerning because several species of 
Culicoides midge, which play a major role in EEV natural 
maintenance and transmission, are present in this country.

This information about EEV has been provided to the 
Department of Animal Husbandry, Dairying, and Fisheries of 
the Ministry of Agriculture and Farmers Welfare in New Del-
hi, India. The Department of Animal Husbandry should soon 
initiate a survey to provide information about EEV presence 
in equine centers and commercial farms and to screen samples 
from sick horses. The concern is that this virus may be widely 
circulating in India without having been noticed earlier.
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During October–December 2015, an epizootic hemorrhagic 
disease outbreak occurred in cattle in Japan. Forty-six ani-
mals displayed fever, anorexia, cessation of rumination, sal-
ivation, and dysphagia. Virologic, serologic, and pathologic 
investigations revealed the causative agent was epizootic 
hemorrhagic disease virus serotype 6. Further virus charac-
terization is needed to determine virus pathogenicity.

Epizootic hemorrhagic disease virus (EHDV; genus Or-
bivirus, family Reoviridae) is an arthropodborne vi-

rus that is transmitted among ruminant hosts by the bite 
of Culicoides midges (1–3). EHDV infection of wild and 
domestic ruminants has been reported in the Americas, Af-
rica, Asia, Australia, the Middle East, and some islands of 
the Indian Ocean (1) and affects primarily white-tailed deer 
(Odocoileus virginianus) and cattle (1–3). EHDV infection 
in cattle does not usually result in clinical disease, but clini-
cal cases of epizootic hemorrhagic disease in cattle have 
been reported in several countries in Asia, Africa, and the 
Middle East (1–5).

EHDV serotype 2 (EHDV-2) strain Ibaraki virus was 
first identified in affected cattle in Japan in 1959. Ibaraki 
virus has caused disease repetitively in cattle, with signs 
and symptoms including fever, anorexia, nasal and ocular 
discharge, congestion of conjunctival and nasal mucous 
membranes, swollen eyelids and tongue, and dysphagia 
(4,6). A large-scale epidemic of atypical Ibaraki disease 
also occurred in Japan in 1997; the epidemic caused main-
ly abortion and stillbirth in cattle, and the causative agent 
was found to be EHDV-7 (7,8). Several strains of EHDV-
1, EHDV-7, and EHDV-10 were also observed in Japan 
but did not appear to be associated with clinical disease 
in cattle (8).

In October 2015, an outbreak of febrile illness oc-
curred in cattle in Hyogo Prefecture, Japan, and lasted 3 
months. We summarize the features of this outbreak, which 
affected 46 cattle at 38 farms.

The Study
Of the 46 affected cattle, 40 were beef cattle (Japanese 
Black) and 6 were dairy cattle (Holstein heifers). The aver-
age age of all affected animals was 114.7 (range 11–187) 
months. The clinical signs observed in beef cattle were 
fever, anorexia, cessation of rumination, swollen eyelids, 
salivation, paralysis of the tongue, difficulty swallowing, 
nasal and ocular discharge, and abortion (Table 1). Seven 
beef cattle died, and 2 were euthanized because they did 
not recover despite treatment of symptoms. The dairy cattle 
showed fever, anorexia, coughing, conjunctivitis, cessation 
of rumination, salivation, difficulty swallowing, and re-
duced milk production.

Early in the outbreak, Ibaraki disease was suspected, 
so blood samples were collected. We washed the blood 
cells and used them for virus isolation and reverse tran-
scription PCR (RT-PCR) for group-specific and serotype-
specific EHDV detection (9,10). Paired serum samples 
were also collected from 20 of the 46 affected animals at 
early onset of the outbreak and after the outbreak at 1- or 
2-month intervals. We used the paired serum samples for 
neutralization tests and conducted necropsies on 2 eutha-
nized animals.

All 46 of the affected animals tested positive for 
EHDV by group-specific RT-PCR (9) and EHDV-6 by 
serotype-specific RT-PCR (10), although we did not iso-
late infectious virus. The neutralizing antibody titers of 
serum samples acquired after the outbreak (n = 20) were 
1:>32 for EHDV-6 strain AUS1981/07 CSIRO 753 (Table 
2). The neutralization test also showed increases (>4-fold) 
in EHDV-6 antibody titers for paired serum samples of 5 
cattle (nos. 6, 7, 10, 11, and 13), although such increases 
were not observed in the other 15 cattle (Table 2).

At necropsy, we observed edema of the esophagus, 
pharynx, and tongue in an affected cow with dysphagia. 
The lumen of the esophagus was also dilated (Figure 1, 
panel A). The histopathologic lesions included hyaline 
degeneration and necrosis of striated muscle accompanied 
by cell infiltration in the esophagus and tongue (Figure 1, 
panel B), thrombosis of small vessels, a proliferation of 
connective tissue in the esophagus, and necrosis of striated 
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muscle in the pharynx. We conducted immunohistochemi-
cal assays with necropsy tissue samples from this cow us-
ing rabbit antiserum against EHDV-6 AUS1981/07 CSIRO 
753 and detected antigen in the vascular endothelium of the 
esophageal muscle layer (Figure 1, panel C).

We further characterized the causative agent by per-
forming sequence analysis of genome segment 2, which 
correlates with serotype, and segment 3, which correlates 
with geographic genetic type, of outbreak isolate HG-
1/E/15. We designed RT-PCR primers to amplify segments 
2 and 3 from the full-length cDNA on the basis of sequence 
data of EHDV strains from Japan and Australia available 
in GenBank. We performed RT-PCR using RNA obtained 
from an affected cow (no. 9; Table 2) as template; we then 
purified the RT-PCR products and subjected them to di-
rect sequencing. We used the sequence data to analyze the 
phylogenetic relationships between EHDV HG-1/E/15 and 
other EHDV isolates.

We aligned the sequences using ClustalW (11) and con-
structed phylogenetic trees with MEGA5 using the neigh-
bor-joining method (12); the reliability of the branching or-
ders was evaluated by the bootstrap test (1,000 replicates). 
Sequence identities between EHDV HG-1/E/15 and the oth-
er EHDV isolates were calculated with GENETYX version 
10 (GENETYX Corporation, Tokyo, Japan). The results of 

the phylogenetic analysis of segment 2 (DDBJ accession no. 
LC320035) revealed that HG-1/E/15 clustered with EHDV-
6 (Figure 2, panel A) and showed highest identity to EHDV-
6 AUS1981/07 CSIRO 753 (89.68% nucleotide and 93.51% 
amino acid identities). In contrast, the phylogenetic analysis 
of segment 3 (DDBJ accession no. LC320036) showed that 
EHDV-6 HG-1/E/15 sorted into the E1 subgroup of the East-
ern group (Figure 2, panel B) (8) and had highest identity to 
the Ibaraki isolate EHDV-2 JPN1959/01 (95.96% nucleotide 
and 99.77% amino acid identities).

Conclusions
We determined this febrile illness affecting 46 cattle in Ja-
pan in 2015 was an epizootic hemorrhagic disease outbreak 
caused by EHDV-6 infection on the basis of clinical find-
ings, RT-PCR results, neutralization tests, and sequence 
analyses. Clinical EHDV-6 cases in cattle have been re-
ported in Turkey, Bahrain, Israel, Morocco, Tunisia, Al-
geria, and Réunion Island (3,5,13,14), but the EHDV-6 
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Table 1. Clinical manifestations of affected cattle during epizootic 
hemorrhagic disease outbreak, Japan, 2015 
Clinical sign No. cattle 
Anorexia 38 
Fever 28 
Cessation of rumination 22 
Salivation 20 
Difficulty swallowing 19 
Swollen eyelids 8 
Coughing 3 
Conjunctivitis 3 
Reduced milk production 3 
Abortion 2 
Ocular discharge 1 
Death 9* 
*Includes 2 euthanized cattle. 
 

 
Table 2. Neutralizing antibody titers against epizootic 
hemorrhagic disease virus serotype 6 in paired serum samples 
collected from affected cattle, Japan, 2015 
No. Early onset After outbreak 
1 1:32 1:64 
2 1:64 1:32 
3 1:32 1:32 
4 1:32 1:64 
5 1:64 1:32 
6 1:8 1:64 
7 1:16 1:64 
8 1:64 1:64 
9 1:32 1:64 
10 1:2 1:64 
11 <1:2 1:64 
12 1:64 1:128 
13 1:32 1:256 
14 1:64 1:128 
15 1:32 1:32 
16 1:32 1:32 
17 1:16 1:32 
18 1:128 1:32 
19 1:16 1:32 
20 1:32 1:32 
 

Figure 1. Lesions and epizootic hemorrhagic disease virus serotype 6 (EHDV-6) antigen in esophagus of necropsied cow, Japan, 2015. 
A) Dilation of lumen. Cross-section of formalin-fixed esophagus of affected cow (right) and control (left). B) Hyaline degeneration of 
striated muscle accompanied by cell infiltration. Phosphotungstic acid–hematoxylin stain. Scale bar indicates 50 μm. C) EHDV-6 antigen 
(arrowhead) in vascular endothelium in esophageal muscularis externa. Immunohistochemical stain. Scale bar indicates 20 μm.
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detected in this outbreak (HG-1/E/15) clustered separately 
from the EHDV-6 isolates from Africa and the Middle East 
in the phylogenetic tree analysis of segment 2 (Figure 2, 
panel A). Because HG-1/E/15 clustered with EHDV iso-
lates from Japan and Australia in the E1 subgroup in the 
phylogenetic analysis of segment 3 (Figure 2, panel B) (8), 
HG-1/E/15 appears to be derived from EHDVs circulating 
in the Asia-Pacific region.

The neutralization tests showed significant increases 
of antibody titers in 5 cattle, suggesting recent EHDV-6 
infection. At the same time, no significant increase of an-
tibody titers was observed with the other 15 cattle. These 
results suggest that the onset of the epizootic hemorrhagic 
disease outbreak might have occurred >3–5 weeks after the 
EHDV-6 infection in the 15 seronegative cattle, consider-
ing that neutralizing antibody titer increases have been ob-
served to occur in cattle 11–14 to 21–37 days after experi-
mental EHDV-6 infection (15).

The clinical and pathologic findings of this outbreak 
are similar to those observed for Ibaraki disease in cat-
tle. Thus, EHDV-6 HG-1/E/15 possibly has pathogenic 
characteristics similar to those of Ibaraki strain EHDV-2 
JPN1959/01 in cattle. Further investigations are needed to 
clarify the genetic characteristics of EHDV-6 HG-1/E/15 to 
determine why this outbreak occurred.
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Rana El Hajj, Hiba El Hajj,1 Ibrahim Khalifeh1

Visceral leishmaniasis, a fatal disease if not treated, is 
caused by Leishmania parasites. This disease might be 
overlooked in the Middle East because of limited awareness 
and low incidence. We report 5 patients who died of visceral 
leishmaniasis in Lebanon and make recommendations to 
improve faster diagnosis and treatment.

Leishmaniasis is a parasitic disease characterized by 
different clinical manifestations depending on patient 

immune response and causative species (1). Visceral leish-
maniasis, the most severe form, is fatal if untreated (2). 
This disease is caused by Leishmania donovani, which is 
endemic to Africa and Asia, causes anthroponotic visceral 
leishmaniasis, and is associated with high mortality rates 
(3). However, L. infantum, which undergoes zoonotic trans-
mission, is associated with fewer deaths and is endemic to 
Latin America and the Middle East (4). This species shows 
a mortality rate of 6% for children (5).

In the Middle East, cutaneous leishmaniasis is the most 
common endemic form of leishmaniasis and is caused main-
ly by L. tropica and L. major (6). L. infantum is reported 
to cause cutaneous leishmaniasis and visceral leishmaniasis 
in Syria, but only cutaneous leishmaniasis in Lebanon (7,8). 
During 1958–2014, visceral leishmaniasis showed a low 
incidence in Syria; 17 cases were reported in 2008 and 36 
cases in 2014 (9,10). However, no molecular or biochemical 
typing was performed to identify the causative species and 
strains (11). Moreover, visceral leishmaniasis caused by L 
.infantum has not been reported in Lebanon (12).

Recently, displacement of refugees during the ongoing 
crisis in Syria resulted in a massive population migration 
and spread of communicable diseases, including cutane-
ous leishmaniasis (6,11). In Lebanon, 2,420 families from 
Syria were given a diagnosis of cutaneous leishmaniasis. 
As of April 2017, a total of 2,057 (85%) of these families 
were infected with L. tropica and 363 (15%) with L. major 
(6). These infections indicate the need for early diagnosis 
of visceral leishmaniasis and prevention of deaths in the 
Middle East. We report visceral leishmaniasis in refugees 
from Syria in Lebanon who acquired L. infantum in Syria. 

The Study
Five refugee children from Syria (age range 2–11 years) 
died of visceral leishmaniasis during 2014–2017 because 
of a late diagnosis and lack of awareness of this disease 
in Lebanon. All 5 children had migrated from the north-
ern coast of Syria to Lebanon and had resided in Beirut 
for an average of 9 months (range 7–11 months). Visceral 
leishmaniasis developed 4–6 months after they left Syria. 
Further investigations showed that the siblings of 3 of these 
patients were infected while staying in Syria.

All patients visited medical institutions in Lebanon 
and had fever, abdominal distension, ascites, hepatospleno-
megaly, and pancytopenia (Table). Three patients were 
given incorrect diagnoses of leukemia and were given 
steroids and blood transfusions. The remaining 2 patients 
were given incorrect diagnoses of a hemophagocytic syn-
drome with an idiopathic etiology and treated accordingly.

These 5 patients were then reevaluated at the American 
University of Beirut Medical Center (Beirut, Lebanon) after 
an average of 4.8 months. Microscopic examination of bone 
marrow aspirates and smear specimens showed a few scat-
tered amastigotes within macrophages for 2 patients (Figure). 

A diagnosis of visceral leishmaniasis caused by L. in-
fantum was confirmed by PCR amplification of the internal 
transcribed spacer 1 region of the parasite (13), followed 
by restriction fragment length polymorphism analysis of 
the internal transcribed spacer 1 region amplicon (14). This 
analysis specifically distinguishes L. infantum from other 
Leishmania species. After confirmation of visceral leish-
maniasis, the patients were treated with Abelcet (ampho-
tericin B lipid complex) (Teva Pharma BV, Harlow, UK) 
according to the manufacturer’s guidelines. However, the 
delay in diagnosis led to an advance disease stage and lack 
of response to treatment, followed by death.

Conclusions
We report 5 children among refugees from Syria in Lebanon 
who died of visceral leishmaniasis caused by L. infantum. 
Our report provides insightful baseline information about 
knowledge, practices, and control regarding this disease. The 
combination of hepatosplenomegaly, fever, and pancytope-
nia should raise the suspicion for visceral leishmaniasis and 
result in prompt intervention. These interventions might pre-
vent misdiagnosis and enable appropriate treatment strategies 
at early stages of the disease to reduce the number of deaths.
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Table. Clinical characteristics of 5 patients with visceral leishmaniasis, Lebanon, 20142017* 
Patient 
no. Age, y/sex 

Abdominal 
distension Hepatosplenomegaly Fever Ascites Blood 

Lung 
infiltrates 

Insect 
bite 

Delay in 
diagnosis, mo 

1 11/F + + + + Pancytopenia + + 4 
2 7/M + + + + Pancytopenia +  5 
2 5/M + + + + Pancytopenia +  6 
4 4/M + + + + Pancytopenia +  5 
5 2/ F + + + + Pancytopenia +  4 
*, negative; +, positive. 

 

Figure. Bone marrow smear sample (A) and bone marrow aspirate (B) for patient 2 with visceral leishmaniasis caused by Leishmania 
infantum, Lebanon. Arrows show amastigotes within macrophages. Panel A, Wright Giemsa stain, original magnification x400; panel B, 
hematoxylin and eosin stain, original magnification x200.
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We report the presence of the second human pegivirus 
(HPgV-2) in Guangdong and Sichuan Provinces in China. 
The prevalence of HPgV-2 in hepatitis C virus/HIV-1–co-in-
fected persons who inject drugs was 12.9% in Guangdong 
and 15.9% in Sichuan. This population is at high risk for 
HPgV-2 infection.

In 2015, the second human pegivirus (HPgV-2) was inde-
pendently reported by 2 groups in the United States (1,2). 

Previous reports have indicated that HPgV-2 (also known 
as HHpgV-1) is a transfusion-transmitted virus and is as-
sociated with hepatitis C virus (HCV) infection (1–5). The 
distribution and prevalence of HPgV-2 infection worldwide 
are of great importance but remain to be determined. In 
this study, we demonstrate the existence of HPgV-2 in the 
southern province of Guangdong and southwestern prov-
ince of Sichuan in China. We have also identified HCV-
infected persons, in particular HCV/HIV-1 co-infected 
persons who inject drugs (PWID), as populations at high 
risk for HPgV-2 infection. In addition, our work reveals the 
difference in the prevalence, distribution, and phylogeny 
between the first human pegivirus (HPgV; formerly GB vi-
rus C or hepatitis G virus) (6,7) and HPgV-2.

The Study
In our initial investigation of HPgV-2, we screened a total 
of 367 delinked serum or plasma samples from high-risk 
groups for infection with HCV and HIV-1 and 500 healthy 
volunteer blood donors from Guangdong Province, China, 
by using ELISA (2,5), and a nested reverse transcription 

PCR targeting both the 5′ untranslated region and nonstruc-
tural protein 3 regions of HPgV-2 (3,5). We observed a low 
frequency (0.4%) of HPgV-2 antibody detection and the 
absence of HPgV-2 viremia in healthy blood donors tested 
in our study. Out of 86 HCV-infected patients, 1 (1.2%) 
was positive for both HPgV-2 antibodies and viral RNA 
(Table 1). Furthermore, we did not detect HPgV-2 RNA in 
men who have sex with men (MSM), although 1 (0.5%) of 
the 211 MSM was weakly positive for HPgV-2 antibodies 
and negative for HPgV-2 RNA (Table 1; Figure 1).

We observed a relatively high prevalence of HPgV-
2 infection in HCV/HIV-1 co-infected PWID in Guang-
dong Province; 12.9% (9/70) were positive for HPgV-2 
antibodies and 5.7% (4/70) for HPgV-2 RNA (Table 1). 
We obtained similar results from 270 PWID from Sich-
uan Province; 15.9% (43/270) were positive for HPgV-
2 antibodies and 3.0% (8/270) for HPgV-2 RNA (Table 
1). Using the Fisher exact test, we observed a statistically 
significant difference between HCV-positive and HCV-
negative patients in the prevalence of having HPgV-2 an-
tibodies (6.2% vs. 0; p<0.001) and prevalence of having 
HPgV-2 RNA (5% vs. 0; p = 0.026). Similarly, we ob-
served a statistically significant difference between HIV-
1–positive/HCV-positive patients and HIV-1–positive/
HCV-negative patients in the prevalence of having HPgV-
2 antibodies (10% vs. 0; p<0.001) and prevalence of hav-
ing HPgV-2 RNA (4% vs. 0; p = 0.040) (Table 2). These 
findings indicate a close association between HPgV-2 and 
HCV infection and synergy between HIV-1 and HCV in-
fection with respect to HPgV-2 infections (5).

Furthermore, we obtained 6 near full-length genome 
sequences of HPgV-2 by using next-generation sequenc-
ing or sequencing of PCR products (5). These strains 
from China, which included 2 from PWID (IDU31 and 
SC-LS-01), 2 from HCV-infected patients (HCV-121 and 
C346), and 2 from HCV-infected blood donors (HCV1241 
and HCV1563), exhibited an identity of 93.6%–97.8% at 
the whole-genome level. Compared with other HPgV-2 
strains from the United States and United Kingdom, the 
nucleotide sequence identity was 93.7%–96.2%. Se-
quence divergence was greatest at synonymous sites, 
with ratios of nonsynonymous to synonymous nucleotide 
substitutions of 0.125–0.150, which are consistent with 

Second Human Pegivirus in Hepatitis C  
Virus–Infected and Hepatitis C Virus/HIV-1–
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other reports (1–3). Phylogenetic analysis indicated that 
HPgV-2 strains from China, the United States, and the 
United Kingdom clustered together to form a separate 
branch and fell into group 1 with the closely related pe-
giviruses from bats and rodents (Figure 2). Other pegi-
viruses from human, simian, and equine sources formed 
group 2, in which the variants of HPgV fell into a separate 
clade. These results illustrate the difference between the 
2 human pegiviruses (1,2,8) and the low level of genetic 
diversity of HPgV-2 strains (1–3).

In contrast to our findings on HPgV-2 infection, we 
observed a high frequency of HPgV infection across all 
3 populations tested (HCV-infected patients, PWID, and 
MSM) (Tables 1, 2). The percentage of HPgV viremia 
was 14.0% (14/86) in HCV-infected patients, 19.0% 
(40/211) in MSM, and 40.0% (28/70) in PWID (Table 
1). Among MSM, the prevalence of HPgV RNA was 
28.0% (28/100) in those who were infected with HIV-1 
alone and 33.3% (4/12) in those who were HIV-1/HCV 
co-infected (Table 1). For MSM who were negative for 
both HIV-1 and HCV, 7.9% (7/89) were positive for 
HPgV RNA (Table 1).

Conclusions
We report the detection of the second human pegivirus, 
HPgV-2, in HCV-infected (in particular HCV/HIV-1 co-
infected) persons in Guangdong and Sichuan Provinces, 
China (Table 1). Our results and those from previous stud-
ies demonstrate that the virus occurs in several geographi-
cally distinct regions in the world (1–4,9,10).

HPgV and HPgV-2 are the only known human pe-
giviruses (8), and comparing their association with HCV 
and HIV-1 infection is of great interest. Consistent with 

previous reports, we found that the prevalence of HPgV 
viremia was 7.9% in HCV and HIV-1–negative MSM and 
33.3%–40% in HCV/HIV-1 co-infected MSM and PWID 
(Table 1). In contrast, only 0.5% of MSM and 0.4% of 
healthy blood donors were positive for HPgV-2 antibodies, 
but all were negative for HPgV-2 RNA (Table 1). These 
results indicate that HPgV-2 infection might be much less 
frequent than HPgV infection, possibly because of its low 
transmissibility or high clearance rate (2–4). The dramatic 
difference of distribution and prevalence between HPgV 
and HPgV-2 infections in different populations provides a 
clue for investigation of disease association with HPgV-
2. HPgV does not cause human diseases (11) and can 
inhibit HIV-1 replication as well as prolong survival of  
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Table 1. Detection frequencies of HPgV-2 in different populations in Guangdong and Sichuan Provinces, China* 

Province, group, and subgroup No. tested 
HPgV-2 

HPgV RNA+, no. (%) Ab+, no. (%) RNA+, no. (%) 
Guangdong Province 
 HCV-infected patients 
  Ab+/RNA+ 57 1 (1.8) 1(1.8) 8 (14.0) 
  Ab–/RNA+ 7 0 0 0 
  Ab+/RNA– 22 0 0 4 (18.2) 
  Total 86 1 (1.2) 1 (1.2) 12 (14.0) 
 PWID 
  HIV-1+/HCV Ab+/RNA+ 70 9 (12.9) 4 (5.7) 28 (40.0) 
 MSM 
  HIV-1+/HCV+ 12 1 (8.3) 0 4 (33.3) 
  HIV-1+/HCV– 100 0 0 28 (28.0) 
  HIV-1–/HCV+ 10 0 0 1 (10.0) 
  HIV-1–/HCV– 89 0 0 7 (7.9) 
  Total 211 1 (0.5) 0 40 (19.0) 
 Blood donors 
  HIV-1–/HCV–/HBV– 500 2 (0.4) 0 NT 
  HCV Ab+/HCV RNA+ 2 2 2 NT 
Sichuan Province 
 PWID 
  HIV-1+/HCV Ab+ 270 43 (15.9) 8 (3.0) NT 
*Ab, antibodies; HBV, hepatitis B virus; HCV, hepatitis C virus; HPgV, human pegivirus; HPgV-2, second human pegivirus; MSM, men who have sex with 
men; NT, not tested; PWID, people who inject drugs; +, positive; –, negative. 

 

Figure 1. Detection of second human pegivirus (HPgV-2) 
antibodies in different samples in Guangdong and Sichuan 
Provinces, China. Serum or plasma samples from 86 HCV-
infected patients, 70 PWID, 122 MSM, and 102 blood donors (100 
samples that were negative for HPgV-2 antibodies plus 2 positive 
samples) are included. The antibody titers from each sample are 
plotted on the y-axis. HPgV-2 RNA–positive samples are shown 
in red. HCV, hepatitis C virus; MSM, men who have sex with men; 
OD450, optical density at 450 nm; PWID, persons who inject drugs.
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HIV-1–infected and Ebola virus–infected patients (12–14). 
However, possible pathogenicity and disease association of 
HPgV-2 remain to be elucidated.

The high-risk populations susceptible to HPgV-2 in-
fection includes HCV-infected patients and, in particular, 
HCV/HIV-1 co-infected PWID. Most (93.3%) of HPgV-
2 infected patients were also co-infected with HCV (1–4). 
Notably, the relatively high frequency of HPgV-2 RNA de-
tection was observed in HCV/HIV-1 co-infected PWID in 
Guangdong (5.7%) and Sichuan (3.0%) Provinces of China 
(Table 1) and in the United States (10.9%) (9). In contrast, a 
somewhat lower percentage (1.7%) of HCV-positive PWID 
in the United Kingdom were reported to be HPgV-2 RNA 
positive, whereas none of the 30 HIV-1 singly infected and 

36 HCV/HIV-1 co-infected PWID were positive for HPgV-
2 RNA (3). These discordant results warrant more studies 
in different countries to address the association between 
HPgV-2 and HCV/HIV-1 co-infection.

Our findings are subject to 2 limitations. First, because 
a limited number of samples from only 2 provinces of China 
were tested, the results might not represent overall preva-
lence of HPgV-2 infection throughout all of China. Second, 
this study was a cross-sectional rather than a longitudinal 
study, therefore, the proportions of persistent infection and 
natural history of HPgV-2 infection remain to be determined.

Future studies should address several questions: 
whether the close association between HPgV-2 and HCV  
infection represents a biologic dependence of these 2 
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Figure 2. Phylogenetic analysis of 
second human pegivirus (HPgV-
2) isolates identified in our study 
(China) and abroad (UK and US). 
Phylogenetic trees of nucleotide 
sequences from complete sequences 
of HPgV-2 strains isolated in our 
study and elsewhere as well as 
hepatitis C virus and pegivirus strains 
from humans, simians, equids, 
bats, and rodents are included. The 
phylogenetic trees were constructed 
with the neighbor-joining tree method 
using MEGA6 software (http://
www.megasoftware.net). Bootstrap 
analysis with 1,000 replicates 
was performed to determine the 
robustness of branching; values 
are shown on branches. Scale bar 
indicates the estimated number of 
nucleotide substitutions per site. The 
near full-length genome sequences 
of HPgV-2 identified in this study 
have been submitted to GenBank 
under accession numbers KX528230 
(HCV-121), KX528231 (IDU31), 
KY971606 (C346), MG457178 (SC-
LS-01), MF770985 (HCV1241), and 
MF770986 (HCV1563). UK, United 
Kingdom; US, United States. 

 
Table 2. Comparison of HPgV and HPgV-2 infections among HCV-, HIV-1–, and HIV–1/HCV-infected populations in Guangdong 
Province, China* 

Group No. tested 
HPgV-2 Ab+ 

 
HPgV-2 RNA+ 

 
HPgV RNA+ 

No. (%) p value No. (%) p value No. (%) p value 
HCV 
 + 178 11 (6.2) <0.001  5 (2.8) 0.026  45 (25.3) 0.130 
 – 189 0 (0)  0 (0)  35 (18.5) 
HIV-1 
 + 182 10 (5.5) 0.005  4 (2.2) 0.212  60 (33.0) <0.001 
 – 185 1 (0.5)  1 (0.5)  20 (10.8) 
HIV-1/HCV 
 +/+ 82 10 (12.2) <0.001  4 (4.9) 0.040  32 (39.0) 0.154 
 +/ 100 0 (0)  0 (0)  28 (28.0) 
*p values calculated by using Fisher exact test. Ab, antibodies; HCV, hepatitis C virus; HPgV, human pegivirus; HPgV-2, second human pegivirus; +, 
positive; –, negative.  
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viruses; how HCV/HIV-1 co-infection facilitates HPgV-
2 infection; and whether HCV or HIV-1 viral proteins 
enhance the transmissibility or infectivity of HPgV-2. 
In addition, because the rarity of HPgV-2 detection in 
MSM could be a result of the low frequency of HCV or 
HIV-1 infection or the transmission route of HPgV-2, 
further research should aim to determine if HPgV-2 is 
more like a transfusion-transmitted virus rather than a 
sexually transmitted virus.
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Bartonella henselae, a gram-negative bacterium, is a common 
causative agent of zoonotic infections. We report 5 culture-
proven cases of B. henselae infection in South Korea. By align-
ment of the 16S rRNA sequences and multilocus sequencing 
typing analysis, we identified all isolates as B. henselae Hous-
ton-1 strain, which belongs to sequence type 1.

The genus Bartonella includes infectious, gram-nega-
tive, facultative intracellular bacteria of numerous spe-

cies. Among the Bartonella species, B. henselae is known 
as one of the most noteworthy pathogens (1). B. henselae 
causes cat-scratch disease, which is a common zoonosis 
and manifests various clinical symptoms (2).

A case of B. henselae infection in South Korea was 
confirmed in 2005 by PCR (3). Although a few more stud-
ies have been published after this case of B. henselae, only 
2 cases were culture-proven: 1 from blood and 1 from bone 
marrow (4,5). Because of difficulties in cultivation and iso-
lation, studies of the isolation of B. henselae from clinical 
specimens remain scarce. In this study, we analyzed the 
characteristics of the isolated B. henselae strains in South 
Korea and compared the clinical features of the patients.

The Study
We conducted the study among patients who visited Inha 
University Hospital, a tertiary hospital in Incheon, South 
Korea, during 2009–2016. From these patients, we isolated 
5 cases in which B. henselae was identified from cultures of 
blood or bone marrow (Table 1).

Case-patient 1 (IIBC1301) was a 22-year-old man 
hospitalized for left inguinal lymphadenopathy that had 
started 10 days earlier. His body temperature was 38.5°C, 
and he had rashes that started on the palms and soles and 
subsequently spread to his entire body. B. henselae was 
isolated from the blood that was cultured on the second 
day of hospitalization.

Case-patient 2 (IIBC1302) was a 40-year-old woman 
hospitalized for fever and myalgia, symptoms that had last-
ed for 1 month. The patient had an erythematous papular 
rash on her face and extremities and tenderness in her abdo-
men. Computed tomography (CT) of the abdomen showed 
chronic cholecystitis; therefore, levofloxacin and metroni-
dazole were prescribed (online Technical Appendix Figure, 
panel A, https://wwwnc.cdc.gov/EID/article/24/5/17-1497-
Techapp1.pdf). B. henselae was identified from cultures of 
blood obtained on the first day of the hospitalization. The pa-
tient had not raised any animals. After discharge, the patient 
experienced continuous fever, poor oral intake, and weight 
loss. Reevaluation showed centrilobular ground-glass opac-
ity in both lung fields on chest CT and growth of Mycobacte-
rium tuberculosis on sputum acid-fast bacilli culture (online 
Technical Appendix Figure, panel B). A pulmonary tuber-
culosis infection was diagnosed and treated with antituber-
culosis medication.

Case-patient 3 (IIBC1303) was a 52-year-old woman 
hospitalized for fever and left flank pain; her symptoms had 
persisted for 1 month. She also reported right-side neck 
swelling and pain at neck levels II, III, and VA. B. henselae 
was isolated from cultures of blood collected on the 16th 
day of hospitalization. She had no contact with animals.

Case-patient 4 (IIBC1304) was a 42-year-old man we 
previously reported (5) whose main complaints were fever, 
rash, and arthralgia. B. henselae was isolated from a bone 
marrow sample. The patient had no contact with or experi-
ence in raising pets.

Case-patient 5 (IIBC1305), also previously pub-
lished (4), was a 73-year-old woman who had B. hense-
lae isolated from her blood. She also did not have any 
contact with animals.

Bartonella species can be grown by blood agar–based 
culture systems. However, it is difficult to culture them this 
way because the growth of bacterial cells is slow, and ob-
taining colonies on the agar plate takes a long time. On 
the other hand, Bartonella species grow more rapidly with 
cell culture–based systems (6). For testing of these pa-
tients, we grew ECV304 cells in M199 media containing 
10% heat-inactivated fetal bovine serum and inoculated 1 
mL of whole blood or other samples from the patients onto 
the cells. After 24 hours, we washed the cells with Dul-
becco’s phosphate-buffered saline and maintained them in 
M199 media. We performed an immunofluorescence assay 
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(IFA) with the patient’s own serum (1:40 diluted) every 
week after the inoculation. When the growth of bacteria 
was observed, we scraped all cultured cells from the T25 

flask. We then reinoculated 1 mL of infected ECV304 cells 
onto uninfected ECV304 cells in a T75 flask for expansion 
of bacterial cells.
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Table 1. Demographic and clinical characteristics of 5 case-patients whose serum sample cultures revealed the presence of 
Bartonella henselae, South Korea* 
Characteristic Case-patient 1 Case-patient 2 Case-patient 3 Case-patient 4 (5) Case-patient 5 (4) 
Age, y/sex 22/M 40/F 52/F 42/M 73/F 
Clinical symptoms Inguinal LAP, rash Fever, myalgia Febrile sense, left 

flank pain 
Rash, fever, 

myalgia 
Fever, general 

weakness 
Lymphadenopathy External iliac chain, 

inguinal area, 
supraclavicular area 

Left neck level IV, V Right neck II, III, VA Right 
supraclavicular 

area 

None 

Leukocytes, cells/µL 10,920 6,130 8,180 19,260 5,120 
AST/ALT, IU/dL 132/270 107/51 30/16 212/246 47/56 
ESR, mm/h/CRP, mg/dL 21/3.93 44/5.5 4/0.14 25/12.9 22/13.16 
Treatment Third-generation 

cephalosporin, 
doxycycline 

Levofloxacin, 
metronidazole, third-

generation 
cephalosporin and 

doxycycline 

Third-generation 
cephalosporin, 
minocycline, 

metronidazole 

Doxycycline, 
changed to 
minocycline 

Third-generation 
cephalosporin, 

doxycycline 

B. henselae IgG titer 1:160 1:640 1:160 1:1,280 1:160 
Pets None None None None None 
Co-occurring conditions None Pulmonary 

tuberculosis 
None None None 

*ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate. 

 

Figure. Phylogenetic tree of 5 Bartonella henselae clinical isolates from patients in South Korea (black dots) and closely related 
species based on 16S rRNA gene sequences. Database accession numbers are provided for reference sequences. Scale bar indicates 
nucleotide substitutions per site.
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To identify the bacterial isolates, we amplified and se-
quenced the 16S rRNA gene (7). The pathogens cultured 
from the specimens showed the highest sequence similari-
ties with B. henselae Houston-1 strain (GenBank acces-
sion nos. KY773227, KY773228, KY773229, KY773290, 
and KY885188). The similarity was >99% (Figure) (8,9). 
IFA results using a commercial Bartonella IFA IgG kit 
(FOCUS Diagnostics, DiaSorin Molecular, Cypress, CA, 
USA) also showed positive results for all patients’ serum 
samples; titers ranged from 1:40 to 1:1,280 (Table 1). We 
also performed multilocus sequence typing to determine 
the genotypes of B. henselae isolates (10) and found that 
all isolates belonged to sequence type 1 (Table 2).

Conclusions
We cultured B. henselae isolates from clinical samples and 
compared characteristics of 5 patients: 3 new cases and 2 
previously reported cases from which B. henselae was iso-
lated (Table 2). Because of the diverse manifestations of B. 
henselae infection, the symptoms were similar to those of 
other bacterial infections. B. henselae infections in 3 pa-
tients were initially misdiagnosed as other diseases: sexu-
ally transmitted disease (case-patient 1), enteric fever-like 
syndrome (case-patient 2), and acute pyelonephritis (case-
patient 3). The diagnosis of B. henselae infection was made 
even more difficult because none of these 5 patients report-
ed a history of raising cats. However, the absence of contact 
with animals should not preclude infection; even though 
B. henselae infection is ususally related to cat scratches or 
bites, it may also occur without animal contacts (5). It is 
also noteworthy that the patient described in case 2 was co-
infected with pulmonary tuberculosis. Co-infection with B. 
henselae and Mycoplasma spp. has also been reported in 
previous studies (11,12). Co-infection with other bacteria 
suggests that infection with Bartonella species may weak-
en the host’s immune system, leaving the host vulnerable to 
secondary infections. In addition, these co-infections may 
cause difficulty in diagnosing Bartonella infection.

Multilocus sequence typing indicated that all isolates 
from this study belonged to B. henselae sequence type 
1. This result is consistent with previous studies, which 
showed relatively less diversity among human strains than 
among the feline reservoir (10,13).

In summary, the clinical features of B. henselae infec-
tion are diverse and nonspecific, which could initially lead 
to misdiagnosis as other diseases. Physicians and patients 

should consider that Bartonella infection presents various 
clinical symptoms and might be a common cause of fever 
of unknown origin, irrespective of exposure to cats. Once 
Bartonella infection is suspected, cell culture should be 
considered to confirm the diagnosis.
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Table 2. Characteristics of clinical Bartonella henselae isolates from 5 case-patients, South Korea* 

Isolate Specimen type 
Allele at the 8 loci 

Sequence type 16S batR ftsZ gltA groEL nlpD ribC rpoB 
IIBC1301 Blood 1 1 1 1 1 1 1 1 1 
IIBC1302 Blood 1 1 1 1 1 1 1 1 1 
IIBC1303 Blood 1 1 1 1 1 1 1 1 1 
IIBC1304 Bone marrow 1 1 1 1 1 1 1 1 1 
IIBC1305 Blood 1 1 1 1 1 1 1 1 1 
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etymologia revisited

Bartonella henselae 
[bär′′ tə-nel′ə henz′ ə-lā]

Bartonella is a genus of gram-negative bacteria named after 
Peruvian scientist Alberto Leonardo Barton. He identified 

a unique bacterium in 1905 during an outbreak among workers 
building a railway between Lima and La Oroya, a mining town in 
the Andes. The illness, usually fatal, was characterized by fever 
and severe anemia. Many of the sick were brought to Guadalupe 
Hospital in Lima, where Dr. Barton isolated the etiologic agent 
(which had been transmitted by sandflies) in patients’ blood cells. It 
was later called Bartonella bacilliformis.

The species B. henselae was named after Diane Hensel, a 
technologist in the clinical microbiology laboratory, University 
Hospitals, Oklahoma City, who in 1985 observed a Campylobacter-
like organism in blood cultures of HIV-infected patients. The 
organism was first named Rochalimaea henselae and then  
B. henselae, when sequencing showed identity with that genus.

Sources: Dorland’s illustrated medical dictionary, 31st edition. Philadelphia: 
Saunders; 2007; http://www.whonamedit.com; Barton AL. Descripción de 
elementos endo-globulares hallados en las enfermos de fiebre verrucosa. 
La Crónica médica de Lima. 1909;26:7–10; http://sisbib.unmsm.edu.pe/
BVrevistas/folia/Vol8_N4_dic97/bartonella.htm
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Wound infections are an emerging medical problem world-
wide, frequently neglected in under-resourced countries. 
Bacterial culture and antimicrobial drug resistance testing 
of infected wounds in patients in a rural hospital in Ghana 
identified no methicillin-resistant Staphylococcus aureus 
or carbapenem-resistant Enterobacteriaceae but identified 
high combined resistance of Enterobacteriaceae against 
third-generation cephalosporins and fluoroquinolones.

Bacteriologic investigation of clinical specimens is an 
essential tool for active surveillance of antimicrobial 

drug resistance. Knowledge of causative bacterial species 
and their resistance profile enables targeted antimicrobial 
therapy, limits ineffective antimicrobial therapy, and avoids 
in part unnecessary antimicrobial pressure to noninvolved 
bacterial pathogens (1). Available antimicrobial resistance 
data will sensitize clinicians and policy makers and are a 
prerequisite for updating national treatment guidelines 
(1,2). These data contribute to prevention and control of 
antimicrobial drug resistance (1).

Wound infections are an emerging medical problem 
worldwide; the economic burden and morbidity and mortal-
ity rates are huge (3,4). Because of the frequent polymicro-
bial nature of infected wounds, bacteriologic investigations 
are demanding and frequently neglected in sub-Saharan 
Africa countries (5).

The Study
Since 2000, the Institute for Medical Microbiology of 
the University Medical Center Goettingen, Goettingen,  
Germany, has assisted the running of the bacteriology labo-
ratory in St. Martin de Porres Hospital in Eikwe, Ghana 
(2). Eikwe is a rural coastal village in the Western Region 
of Ghana; its mission hospital has an admission capacity of 
≈200 beds and serves ≈380,000 persons. 

During March–July 2014, we conducted a prospective 
study at St. Martin de Porres Hospital, performing bacte-
riologic investigations of infected wounds of inpatients and 
outpatients during routine working hours (Monday–Friday, 
8 am–4 pm). The hospital administration (the local ethics 
review panel) authorized the study. Patients from whom 
wound swab samples were investigated provided consent 
to be included in the study.

Medical doctors diagnosed wound infections clini-
cally, according to the classic signs of inflammation. 
After wounds were carefully cleaned with sterile gauze 
moistened with a sterile solution of 0.9% sodium chlo-
ride, samples were collected from the wound ground and 
edge on sterile cotton swabs and immediately transported 
to the bacteriology laboratory in Amies transport medi-
um (Copan, Brescia, Italy). The samples were inoculated 
onto MacConkey agar and 7% sheep blood agar (Tulip 
Diagnostics, Goa, India) and thereafter incubated aerobi-
cally at 35°C. Both plates were read after 24 and 48 hours. 
Gram staining was performed to ensure wound speci-
men quality and to check for bacteria, neutrophils, and  
epithelial cells.

Bacterial isolates were initially identified (to genus 
level) by colony morphology, Gram staining, catalase reac-
tion, oxidase reaction, coagulase reaction, indole reaction, 
and growth on Kligler iron agar, as described by Chees-
brough (6). Bacterial isolates were stored in microbanks 
at –20°C. Species identification was completed (to species 
level) at the Institute for Medical Microbiology in Goet-
tingen, Germany, by using MALDI Biotyper 3.0 (Bruker 
Daltonics, Bremen, Germany).

According to locally available resources, antimicrobial 
resistance testing was performed through disk diffusion, 
which guided the treatment of the wound infections. Antimi-
crobial resistance testing was repeated with VITEK 2 (bio-
Mérieux, Marcy-l’Étoile, France) at the Institute for Medical 
Microbiology by using AST-P632, AST-P586, AST-N214, 
and AST-N248 cards with respect to bacterial species 
and according to the breakpoint tables for interpretation  
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of MICs in EUCAST version 4.0 (7). Quality control was 
performed with the reference strains Pseudomonas aeru-
ginosa ATCC 27853, Escherichia coli ATCC 25922, and 
Staphylococcus aureus ATCC 29213.

Of the 67 wound swab samples, 39 (58.2%) were from 
female patients. The mean age of the 67 patients was 40.1 
± 20.8 years (range 1–90 years, median 39 years). Of the 67 
samples, collection sites were upper extremity for 4 (6.0%), 
trunk/head for 15 (22.4%), lower extremity for 39 (58.2%), 
and laparotomy site for 9 (13.4%) (online Technical Ap-
pendix, https://wwwnc.cdc.gov/EID/article/24/5/17-1506-
Techapp1.pdf). A hospital-acquired wound infection was 
diagnosed for 21 (31.3%) patients. 

All investigated wound swab samples grew bacterial 
pathogens. Overall, 32 species of bacteria were isolated; 
median was 3 (range 1–7) species/specimen. Of the 189 
isolated species, 72 (38.1%) were Enterobacteriaceae, 69 
(36.5%) were gram positive, and 48 (25.4%) were nonfer-
menters (online Technical Appendix Table 2). Of the 67 
samples, infection was monomicrobial in 17 (25.4%) and 
polymicrobial in 50 (74.6%). The most frequently detected 
bacterium in monomicrobial and polymicrobial infections 
was S. aureus. The predominant bacteria in polymicrobial 
infections were Enterobacteriaceae and nonfermenters 
(online Technical Appendix Table 3). Results of VITEK 
2 antimicrobial resistance testing of the most frequently 
found bacterial species are shown in Table 1.

The spectrum of isolated bacteria is comparable to that 
reported by other studies from sub-Saharan Africa coun-
tries, such as Nigeria (9), Tanzania (3), and Rwanda (10). 
Frequently, studies describe detected pathogens at the ge-
nus level only (3,10). Concerning the proportion of gram-
positive to gram-negative pathogens, we isolated slightly 
more gram-positive pathogens than others (3,9–11).

One of the most common bacteria found in wound 
infections is S. aureus (3,5,10–12), which was most fre-
quently identified in our study (online Technical Appendix 
Table 2); however, we detected no methicillin-resistant S. 
aureus (MRSA). In contrast, studies from urban areas in 
sub-Saharan Africa countries found MRSA rates of >80% 
(10,12). Urban areas are centers of specialized healthcare, 
where many patients who may already have a long medi-
cal history are referred. Such referrals predispose urban 
patients, staff, and others to more MRSA colonization and 
infection than experienced by those in rural areas (13). The 
hospital in Eikwe is a general hospital; the villagers are 
mainly fishermen, and there are no big animal farms in the 
area. Predisposition to MRSA in this area may be low.

We found no carbapenem resistance in Enterobacte-
riaceae (Table 1). Of great concern were the high rates of 
resistance of E. coli, Klebsiella pneumoniae, and Entero-
bacter cloacae complex against third-generation cepha-
losporins, fluoroquinolones, or both (Table 2), as have 
been found in other studies from urban areas (3,5,10). The  
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Table 1. Percentages of antimicrobial drug resistance in selected bacterial species in wound infections, Ghana, 2014* 

Drug 

% Resistant 

Staphylococcus 
aureus, n = 31 

Enterococcus 
faecalis,  
n = 21 

Proteus 
mirabilis, 

n = 20 
Escherichia 
coli, n = 19 

Klebsiella 
pneumoniae, 

n = 13 

Enterobacter 
cloacae 

complex, n = 10 

Pseudomonas 
aeruginosa,  

n = 20 

Acinetobacter 
baumannii 

complex, n = 8 
PEN 93.5        
AMP  0 70.0 94.7 100 100   
OXA 0        
SAM  0 45.0 82.2 69.2 100   
TZP   0 10.5 46.2 30.0 10.0  
CXM   5.0 57.9 46.2 80.0   
CTX   5.0 47.4 46.2 40.0   
CAZ   5.0 47.4 46.2 40.0 5.0 37.5† 
IPM       0 0 
MEM   0 0 0 0 5.0 0 
ERY 3.2 100       
CLI 3.2 100       
TET 67.7 100       
GEN 3.2  15.0 46.2 46.2 40.0 10.0 62.5 
AMI       0 0 
CIP   20.0 46.2 46.2 30.0 15.0 37.5 
LVX 0        
SXT 32.3 100 75.0 69.2 69.2 50.0   
FOF 0        
RIF 0        
VAN 0 0       
*Antimicrobial susceptibility testing was performed with VITEK 2 (bioMérieux, Marcy-l'Étoile, France) according to the EUCAST breakpoint tables for 
interpretation of MICs, version 4.0, 2014 (7). Blank cells indicate no testing performed. AMI, amikacin; AMP, ampicillin; CAZ, ceftazidime; CIP, 
ciprofloxacin; CLI, clindamycin; CTX, cefotaxime; CXM, cefuroxime; ERY, erythromycin; FOF, fosfomycin; GEN, gentamicin; IPM, imipenem; LVX, 
levofloxacin; MEM, meropenem; OXA, oxacillin; PEN, penicillin; RIF, rifampin; SAM, ampicillin/sulbactam; SXT, trimethoprim/sulfamethoxazole; TET, 
tetracycline; TZP, piperacillin/tazobactam; VAN, vancomycin. 
†The interpretation of the CAZ MIC for A. baumannii complex followed the recommendations of the Clinical and Laboratory Standards Institute 
performance standards for antimicrobial susceptibility testing (8). 
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indiscriminate use of antimicrobial drugs contributes to 
this factor (14). Officially, selling antibiotics without pre-
scription is not allowed in Ghana; however, almost every 
oral antimicrobial drug is available over the counter with-
out any prescription. Eikwe is no exception, although the 
spectrum of available antimicrobial drugs may be smaller 
there than in cities. Development of antimicrobial drug 
resistance may also be enhanced by circulation of coun-
terfeit drugs (15).

Resistance of E. coli and K. pneumoniae against third-
generation cephalosporins probably occurs through pro-
duction of extended spectrum β-lactamase; in E. cloacae 
complex, it is probably through AmpC–β-lactamase. How-
ever, this statement is only an assumption because we did 
not perform molecular analyses.

In Eikwe, rain falls throughout the year and humidity 
is almost constant at 70%–90% despite 2 rainfall peaks 
(May–June and October–November). The effect of sea-
sonality on the incidence of wound infections and the fre-
quency of infection with gram-negative bacteria may not 
be so pronounced as that found in other studies from sub-
Saharan Africa countries with high variations in humidity 
(9). However, because we analyzed only swab samples 
collected during March–July, the effect of seasonality is 
difficult to evaluate.

Conclusions
Antimicrobial drug resistance among gram-negative organ-
isms seems to be widespread in Ghana, even among com-
munity-onset infections in rural, resource-limited settings, 
although MRSA was surprisingly absent. Future research 
efforts should focus on the transmission dynamics and 
prevention of gram-negative antimicrobial resistance in 
those settings. Microbiological investigation of the world-
wide problem of wound infections should be encouraged 
in areas of limited resources and might provide a valuable 
contribution to the surveillance of increasing antimicrobial 
resistance, especially in Enterobacteriaceae, and for the 
treatment of affected patients.
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Table 2. Ratio of percentages of antimicrobial drug resistance against third-generation cephalosporin CTX and the fluoroquinolone 
CIP in selected Enterobacteriaceae isolated from wound infections, Ghana, 2014* 

Drug resistance 

% Resistant 

Proteus mirabilis, n = 20 Eshcerichia coli, n = 19 
Klebsiella pneumoniae,  

n = 13 
Enterobacter cloacae 

complex, n = 10 
CTX-S + CIP-S 80.0 42.1 53.8 60.0 
CTX-S + CIP-R 15.0 10.5 ND ND 
CTX-R + CIP-S ND 5.3 ND 10.0 
CTX-R + CIP-R 5.0 42.1 46.2 30.0 
*Antimicrobial susceptibility testing was performed by using VITEK 2 (bioMérieux, Marcy-l'Étoile, France) according to the EUCAST breakpoint tables for 
interpretation of MICs, version 4.0, 2014 (7). CIP, ciprofloxacin; CTX, cefotaxime; ND, not detected; R, resistant; S, susceptible. 
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Seven foodborne norovirus outbreaks attributable to the 
GII.P17-GII.17 strain were reported across Japan in 2017, 
causing illness in a total of 2,094 persons. Nori (dried shred-
ded seaweed) was implicated in all outbreaks and tested 
positive for norovirus. Our data highlight the stability of nor-
ovirus in dehydrated food products.

Seven foodborne norovirus outbreaks were reported in 
4 remote areas across Japan during January–Febru-

ary 2017, causing illness in 2,094 persons (Figure). In all 
outbreaks, norovirus GII.P17-GII.17 was detected in stool 
specimens of patients. Food survey results indicated that 
dried shredded seaweed (nori) was served before all out-
breaks. Norovirus was also detected in nori-containing 
dishes. An investigation revealed that the nori served in 
each instance was manufactured by the same food process-
ing company.

The Study
Outbreak 1 was reported on January 26 in 4 kindergartens, 6 
elementary schools, and 5 junior high schools in the prefec-
ture of Wakayama, Japan (1). A total of 1,943 children and 

119 school staff members had eaten lunch the day before; 
of these, 678 (34.9%) children and 85 (71.4%) school staff 
members had acute gastroenteritis. Norovirus was also de-
tected in the stool specimens from 10 of the 27 food handlers 
in the central kitchen who had eaten the same lunch. Food 
survey results indicated that boiled vegetables mixed with 
shredded nori was responsible for this outbreak.

Outbreak 2 was reported on February 17 in 7 elemen-
tary schools in the city of Tachikawa, part of metropolitan 
Tokyo, Japan (1). A total of 1,084 (35.2%) of the 3,078 
persons who ate the lunch served the day before had gas-
trointestinal symptoms. The lunch included shredded nori 
as a topping on cooked rice.

Outbreaks 3 and 4 were reported in separate, self-ca-
tered school lunch settings on February 22 and 25 in the 
city of Kodaira, also part of metropolitan Tokyo (1). The 
numbers of patients with gastrointestinal symptoms were 
26 (5.6% attack rate) in outbreak 3 and 81 (12.6% attack 
rate) in outbreak 4. Shredded nori was served as a topping 
on cooked rice in both outbreaks.

Outbreak 5 was reported in Western Tama, also in 
metropolitan Tokyo, on February 27. A central kitchen 
served school lunch to 19 persons, and 2 of them (10.5%) 
had gastrointestinal symptoms. Shredded nori was served 
with boiled vegetables.

Outbreak 6 was reported on March 9. After conducting 
retrospective surveillance, the Kurume city government in 
Fukuoka prefecture announced that a foodborne outbreak 
occurred in a business office on January 25 that was at-
tributable to a nori product with the same expiration date as 
the nori implicated in outbreaks 1–5. A total of 39 (92%) 
of the 42 employees who had eaten at the office’s café had 
gastrointestinal symptoms. Shredded nori had been served 
as a salad topping.

Outbreak 7, announced by the Osaka prefectural gov-
ernment, caused illness in 99 persons during February 18–
24, including 4 food handlers who consumed a bento box 
(a single-portion take-out or home-packed meal common in 
Japanese cuisine). A bento shop provided 228 meal boxes 
during this period that contained nori product from com-
pany B. Those who had eaten from bento boxes without 
nori also had gastrointestinal symptoms.

We detected norovirus in nori-containing food in 
outbreak 1 by using the PANSORBIN-trap method (2). 

Foodborne Outbreaks Caused by Human  
Norovirus GII.P17-GII.17–Contaminated Nori, 

Japan, 2017
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Tokyo Metropolitan Institute of Public Health tested 
norovirus from food from outbreaks 2–5 by using the 
A3T method, by which nori was incubated with the 
Proteus vulgaris NBRC3045 strain (3). Among 21 nori 
samples, including those from the merchandise in stock 
of the wholesaler and those that remained in the kitchen 
from outbreaks 2–5 in Tokyo, 7 samples were positive 
for norovirus GII.17 by nested reverse transcription PCR 
(4–6). These data, along with the food survey results, 
strongly suggest that nori was responsible for the food-
borne norovirus outbreaks. 

The amount of shredded nori served as a topping on 
cooked rice was 0.5–1.0 g per dish. The shredded nori con-
tained 360–2,900 copies/g of norovirus genome, a measure 
that did not take into account the recovery rate of the virus 
particles from the food (4). In outbreak 7, food handlers 
shared and reused plastic gloves, which increased the risk 
for norovirus contamination across food.

Nori sheets were originally produced by company 
C, and food processing company B shredded them to 
2-mm width and packed them with desiccants (Figure). 
Approximately 800 packages were produced, shipped to 
company A on December 10 and 27, 2016, and sold un-
der the company A brand with the same expiration date. 
Another batch was produced by company B in December 
2016 and sold under its own brand with an expiration date 
of May 31, 2017. These packages were stored at an ambi-
ent temperature.

On February 27, 2017, the Osaka city government an-
nounced that norovirus GII.17 was detected from 8 of 25 
environmental wipe samples at company B. These samples 
were subjected to ultracentrifugation to precipitate norovi-
rus particles before nucleic acid extraction. Samples col-
lected from the nori sheet shredding equipment, a tele-
phone handle, and the toilet were positive for norovirus. 
At company B, an employee who was responsible for the 
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Figure. Overview of foodborne norovirus outbreaks associated with dried shredded nori during the 2016–17 endemic season, Japan. 
Production and distribution of dried, shredded nori products and the 7 norovirus outbreaks are outlined. Solid and dashed lines indicate 
the production and distribution of 2 distinct lots. The asterisk indicates detection of norovirus in food, shredded nori, or both. Inset map 
shows geographic locations of outbreaks and manufacturers.
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shredding step had gastrointestinal symptoms before the 
production of the nori in question in late December 2016 
but nevertheless continued working. No outbreak had been 
reported after the products were recalled, and the business 
of company B was suspended. Investigators suspected that 
the nori was contaminated with norovirus during the shred-
ding process at company B.

Most foodborne outbreaks in Japan are attributable to 
norovirus GII.P17-GII.17, a novel variant that emerged in 
Asia during 2014–2015 (7,8). The genome sequence span-
ning the N terminus of the major capsid protein (VP1) 
gene, a short 302-nt region that is routinely sequenced, was 
identical among the GII.P17-GII.17 strains isolated in Ja-
pan during the 2016–17 season. Therefore, we sequenced 
and analyzed 2 virus genes, RNA-dependent RNA poly-
merase (RdRp) (1,530 nt) and VP1 (1,620 nt). For all 7 
outbreaks, the sequence identities of these 2 genes derived 
from patient stool specimens were 100% identical (Table). 
As a comparison, we analyzed norovirus GII.P17-GII.17 
strains detected from 4 independent outbreaks unrelated 
to nori products during the same season in Osaka (Table). 
The sequences of 2 genes among these strains were not 
identical with those related to nori-associated outbreaks, 
and phylogenetic tree analyses of the RdRp gene showed 
that sequences associated with the nori-related norovirus 
outbreaks formed a distinct cluster from the outbreaks un-
related to nori (online Technical Appendix Figure, https://
wwwnc.cdc.gov/EID/article/24/5/17-1733-Techapp1.
pdf). These results and epidemiologic link indicated that 
all 7 outbreaks were attributable to GII.P17-GII.17– 
contaminated shredded nori.

Conclusions
Our study demonstrated that 7 foodborne norovirus out-
breaks in 4 remote regions of Japan were attributable to a 
shredded nori product that was most likely contaminated 
during manufacturing. From a technical standpoint, the 
recovery of norovirus genomic RNA from food is not  

efficient, so identifying the contaminated food can be dif-
ficult; however, the PANSORBIN-trap and A3T methods 
were shown to be useful for this purpose. Sequence analy-
sis of the RdRp and VP1 regions of the norovirus genome 
enabled us to distinguish nori-related outbreaks involving 
norovirus GII.P17-GII.17 from other outbreaks involving 
the same genotype.

Few dry food–associated foodborne outbreaks with 
norovirus have been reported previously. In 2014, a large 
norovirus outbreak involving 1,271 persons was reported 
in which bread was contaminated with norovirus. The con-
taminated bread was served at school lunch within 2 days 
after production (9). In contrast, in these nori-related out-
breaks, the traceback of implicated nori product revealed 
that the norovirus infectivity remained for >2 months at 
ambient temperature under dry conditions. However, the 
percentage of persons with gastrointestinal symptoms 
gradually decreased from the date of nori production, sug-
gesting a decline in norovirus infectivity over time under 
dry conditions.
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Table. Genetic analysis of norovirus GII.P17-GII.17 isolates detected in clinical specimens from outbreaks during the 2016–17 
endemic season, Japan* 

Outbreak or strain GenBank accession nos. Isolation date 
Identity with outbreak 1 strain, % 

RdRp, 1,530 nt VP1, 1,620 nt 
Outbreak 1 LC318755–LC318758 Jan 2017 NA NA 
Outbreak 2 LC258403† Feb 2017 100 100 
Outbreak 6 LC311767–LC311773 Jan 2017 100 100 
Outbreak 7 LC318751–LC318754 Feb 2017 100 100 
Outbreak A:16–064 LC318745 May 2016 99.6 99.9 
Outbreak B:16–299 LC318746 Nov 2016 99.9 99.9 
Outbreak C:16–292 LC318750 Nov 2016 99.5 99.6 
Outbreak C:16–303 LC318749 Nov 2016 99.7 ND 
Outbreak D:16–311 LC318747 Dec 2016 99.9 99.8 
Outbreak D:16–315 LC318748 Dec 2016 99.8 99.6 
GII.17 Kawasaki308 LC037415 Feb 2015 99.6 99.9 
*NA, not applicable; ND, not done. 
†This isolate was registered as a representative strain of outbreaks 2–5 because all the isolates from outbreaks 2–5 showed 100% sequence identity.  
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We used real-time PCR to detect Bartonella henselae 
DNA in 7.9% (5/63) of blood specimens from seronega-
tive patients in Japan suspected of having cat-scratch 
disease. The combined use of serologic tests and real-
time PCR to analyze blood specimens is recommended 
for the prompt, noninvasive laboratory diagnosis of cat-
scratch disease.

Cat-scratch disease (CSD) is a worldwide zoonosis 
caused by Bartonella henselae (1). Its clinical mani-

festations vary from typical CSD with regional lymphade-
nopathy to atypical or systemic CSD, including prolonged 
fever without lymphadenopathy. Because isolation of B. 
henselae by culture is difficult (2), detection of B. hense-
lae DNA in lymph nodes by PCR and serologic testing 
using indirect fluorescence antibody (IFA) assay is widely 
used for laboratory diagnosis of CSD (2–4). Isolation of 
B. henselae DNA from blood specimens of immunocom-
petent CSD patients has been sporadically described, sug-
gesting that it might be useful, especially for cases in which 
lymphadenectomy or biopsy is not feasible or serologic re-
sults are equivocal (5–9). However, the usefulness of sero-
logic testing, coupled with detection of B. henselae DNA 
from blood specimens, is not well described. We report the 
clinical utility of the combined use of IFA and real-time 
PCR to analyze blood specimens for noninvasive screen-
ing of CSD.

During April 2009–May 2014, eighty immunocom-
petent patients (73 children, 7 adults) in Japan who were 
suspected of having CSD because of fever with or without 
lymphadenopathy, and a history of contact with cats or dogs 
were referred to us for serologic and molecular diagnosis 
of CSD. We conducted serologic testing using IFA (3,4); 
diagnosis was based on elevated titers of IgM (>20) or IgG 
(>256). The sensitivity and specificity of our IFA were 69% 
and 100%, respectively (4). Real-time PCR (rPCR) de-
tected specific B. henselae virB4 DNA from blood speci-
mens as reported previously (9). In brief, we extracted DNA 
from peripheral blood using a QIAamp DNA Mini Kit  

(QIAGEN, Hilden, Germany). The 20-µL PCR mixture con-
tained 10 µL 2× LightCycler 480 Probes Master Mix (Roche  
Diagnostics, Mannheim, Germany), 0.4 µmol/L of each 
primer (forward: 5′-AGCGAAGAAAACACAATCT-
GAA-3′; reverse: 5′-TCCATAGCTTTCCAATCCTTCT-3′), 
0.1 µmol/L Universal ProbeLibrary probe no. 135 (Roche 
Diagnostics), and 5 µL DNA. We conducted the reaction us-
ing a LightCycler 480 instrument (Roche Diagnostics) un-
der the following conditions: denaturation at 95°C for 5 min 
and 45 cycles of 95°C for 10 s, 60°C for 30 s, and 72°C for 
1 s. We determined crossing point (Cp) values using the sec-
ond derivative maximum method and analyzed all samples  
in triplicate. 

This assay detected all 56 specimens evaluated as B. 
henselae (10), but other Bartonella species were not identi-
fied (9). The lower quantitative detection limit of this as-
say was 4.6 DNA copies/reaction using serial dilutions of 
plasmid DNA.

Of the 80 patients with suspected CSD, 17 (21.3%) 
were serologically positive for B. henselae by IFA. B. 
henselae DNA was amplified from the peripheral blood of 
11 (13.8%) patients by rPCR. Six patients were positive by 
both IFA and rPCR. CSD was diagnosed in 22 (27.5%) of 
the 80 patients (Table). Cp values of the IFA-positive and 
-negative patients did not differ.

Despite the high specificity, IFA lacks sensitivity (4). 
This study showed that CSD detection sensitivity increased 
from 21.3% (17/80) using IFA alone to 27.5% (22/80) 
with combined use of IFA and rPCR on blood specimens. 
We attribute this increase to the detection of B. henselae 
DNA in 5 patients with seronegative results. Four patients 
(nos. 6, 8, 10, and 17) exhibited typical CSD with fever 
and regional lymphadenopathy, and 1 (no. 3) had fever of 
unknown origin without lymphadenopathy (Table). After 
laboratory diagnosis, these patients were treated with mac-
rolides to reduce fever. These observations suggested that 
these patients were in the initial stages of the illness (before 
a significant rise of antibodies to B. henselae) or that the 
patients’ immune responses were insufficient to produce 
antibodies to B. henselae (5).

We detected B. henselae DNA in blood specimens 
of 35.3% (6/17) of the seropositive patients in our study, 
whereas previous studies detected DNA in 19.2% (5/26) of 
blood specimens from seropositive patients (5) and 16.7% 
(3/18) of serum specimens from patients proven to have 
CSD (6). rPCR using blood specimens was not sensitive 
enough when used alone because B. henselae DNA is not 
present in the bloodstream in all patients. The time points 
at which B. henselae DNA can be detected in blood speci-
mens are still unknown. A previous report described this 
time point as 3 weeks after onset of lymphadenopathy (7), 
whereas another study considered it to be 3–4 months af-
ter infection (8). Most specimens used in our study were 
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collected within 3 weeks after symptom onset. Regardless 
of the days after onset, rPCR testing of blood specimens 
should be performed actively because patients may expe-
rience bacteremia or the shedding of bacterial breakdown 
products into the bloodstream.

In conclusion, our study showed that rPCR testing of 
blood specimens can detect B. henselae DNA in patients 
with seronegative results. The combined use of IFA and 
rPCR on blood specimens is useful for the noninvasive 
screening of CSD.
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Table. Description of patients with cat-scratch disease and results of IFA and rPCR of blood specimens, Japan, April 2009–May 2014* 

Patient no. 
Patient age, 

y/sex Fever 
Regional 

lymphadenopathy 
History of contact 

with animal 
IFA titer Cp of rPCR,  

mean  SD Complication IgM IgG 
1 15/M + + Cat, dog 40 256 NA  
2 4/F + – Cat 20 512 36.82  0.57 FUO 
3 6/F + – Dog <10 64 33.93  0.39 FUO 
4 13/M + + Cat <10 256 35.98  0.69  
5 14/F + + Cat, dog <10 256 34.29  0.43  
6 8/M + + Dog <10 <64 35.35  0.33  
7 10/M + + Cat 20 256 NA  
8 8/F + + Dog <10 <64 37.18  0.36  
9 10/M + + Cat 20 256 NA  
10 7/F + + Cat 10 <64 35.64  0.27  
11 2/M + + Cat 40 256 NA  
12 15/M + – Cat, dog >80 512 NA Neuroretinitis 
13 6/F + + Cat <10 256 37.29  0.15  
14 10/M + + Cat <10 256 NA  
15 12/F + + Cat, dog <10 512 33.55  0.33  
16 13/M + – Cat <10 512 NA FUO 
17 9/F + + Cat <10 <64 34.84  0.47  
18 4/M + + Cat 20 512 NA  
19 14/F + – Dog, rabbit 80 512 NA Neuroretinitis 
20 56/F + – Cat <10 256 NA Neuroretinitis 
21 35/F + + Cat 40 1,024 37.19  0.59  
22 7/M + + Cat, dog <10 512 NA  
*Blank cells indicate no complications. Cp, crossing point value; FUO, fever of unknown origin; IFA, indirect fluorescent antibody test; NA, no amplification 
by rPCR; rPCR, real-time PCR; +, positive; –, negative.  
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Dromedary camels are bred domestically and imported 
into Bangladesh. In 2015, of 55 camels tested for Middle 
East respiratory syndrome coronavirus in Dhaka, 17 (31%) 
were seropositive, including 1 bred locally. None were PCR 
positive. The potential for infected camels in urban mar-
kets could have public health implications and warrants  
further investigation.

Middle East respiratory syndrome coronavirus (MERS-
CoV), discovered in 2012, can cause fatal respiratory 

disease in humans. Although MERS-CoV might have origi-
nated in bats, dromedary camels (Camelus dromedarius) are 
a natural host and likely source of human MERS-CoV in-
fection (1,2). Camel trade is a major driver of MERS-CoV 
movement between Africa and the Arabian Peninsula (3), 
where most human cases have occurred. Rajastan, India, is a 
large breeding center for dromedaries, some of which are ex-
ported to Pakistan and Bangladesh. Seropositive dromedar-
ies have been identified in Pakistan, but little is known about 
MERS-CoV in other parts of South Asia (4). In Bangladesh, 
camels are bred on farms and imported from India for sale in 
seasonal markets for ritual slaughter during religious festi-
vals. Imported camels go directly to urban markets to be sold 
by traders and are a separate enterprise from farmed camels.

During the September–October 2015 festival of Eid-
ul-Adha, we collected and tested for coronaviruses the 
specimens of 36 dromedary camels at an urban farm and 
19 camels and 18 fat-tailed sheep at an urban maket in the 
capital city of Dhaka (Table; online Technical Appendix, 

https://wwwnc.cdc.gov/EID/article/24/5/17-1192-Techapp1.
pdf). The testing was conducted as part of the US Agency 
for International Development’s PREDICT program, which 
conducts surveillance in humans and animals for novel and 
select known zoonotic viruses, including MERS-CoV. We 
obtained information for each camel’s origin and age from 
market registries or breeders’ records. We also assessed and 
recorded the sex and apparent health status of each camel at 
specimen collection, at which time we collected blood, 2 na-
sal swab specimens, and 2 rectal swab specimens from each 
animal. We placed 1 set of each swab in lysis buffer (Nu-
clisens; bioMérieux, Marcy-l’Étoile, France) and 1 in viral 
transport medium. We separated and froze serum samples. 
We extracted total nucleic acid by using EasyMag (bioMéri-
eux) and performed cDNA synthesis by using SuperScript 
III first-strand synthesis supermix (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. We per-
formed pancoronavirus PCR targeting the RdRp gene (5) and 
MERS-CoV real-time PCR targeting the upstream envelope 
protein gene and nucleocapsid protein genes N2 and N3 (6). 
We screened serum samples by using a MERS-CoV ELISA 
(7) and confirmed the results by using a MERS-CoV pseu-
doparticle neutralization test (8).

Of the 36 camels on the farm, 24 were born there. The 
remaining 12 and all 19 market camels were imported from 
India (Table). All specimens tested negative for coronavirus-
es, including MERS-CoV, by PCR. ELISA showed 98.6% 
specificity and sensitivity compared with the pseudoparticle 
neutralization test. We detected MERS-CoV antibodies in 
31% (95% CI 19%–45%) of camels; adults had a higher 
seroprevalence (36% [95% CI 22%–52%]) than juveniles 
(9% [95% CI 0.2%–41%]). Imported camels had a signifi-
cantly higher seroprevalence (52% [95% CI 33%–70%]) 
than domestically bred camels (4% [95% CI 0.1%–21%]). 
Among the 5 seropositive farm camels, 1 was a domesti-
cally bred adult, whereas the other 4 were adults from In-
dia. Camels in the market had a higher seroprevalence (63% 
[95% CI 38%–85%]) than those on the farm (14% [95% 
CI 5%–30%]). All sheep serum samples were negative for 
MERS-CoV antibodies.

The findings of a higher MERS-CoV seroprevalence in 
adult camels (9) and the seronegativity in sheep are consis-
tent with other studies (8). Only adult camels were found 
in the market. The finding of an adult seropositive camel, 
born on the farm, suggests that it was infected locally. No 
records indicate intermingling between farmed camels and 
those in markets. The finding of only 1 seropositive camel 
originating in Bangladesh suggests that if infection or ex-
posure occurred on the farm, either viral circulation was 
limited or other seropositive camels had since been sold or 
removed. Juveniles are more likely to be actively infected 
than adults, and the limited juvenile sample size might ex-
plain our lack of virus detection among them (9).
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Our findings suggest transmission of MERS-CoV has 
occurred among camels in Bangladesh, extending the pre-
viously reported range of this virus (up to ≈1,900 km east of 
Pakistan). Exactly where or when imported camels became 
infected is unclear. To date, no human cases of MERS-CoV 
have been reported in South Asia. The possibility of hav-
ing MERS-CoV–infected camels in Dhaka, a populous city 
with ≈18 million persons, presents a potential risk for hu-
man outbreaks. Insufficient surveillance, behavioral differ-
ences in human–camel interactions compared with Middle 
Eastern societies, or differences in virus strains or human 
susceptibility might explain the lack of observed cases. 
Improved surveillance of camels along camel trade routes, 
camel herds in Dhaka, and persons who have close con-
tact with camels will help assess the transboundary move-
ment and the risk for zoonotic transmission in Bangladesh. 
Given the ubiquity of MERS-CoV in dromedary camels, 
the predictable seasonal movement of camels into Dhaka, 

and a higher incidence of infection in persons with frequent 
contact with camels (10), targeted public health messaging 
that promotes handwashing after contact with camels and 
avoidance of exposure to camel excreta might help reduce 
the risk for zoonotic MERS-CoV transmission.
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Table. Selected characteristics and MERS-CoV laboratory results for dromedary camels, Bangladesh, 2015* 

Characteristic No. (%) camels 
No. (%) positive for MERS-CoV, by laboratory test 

rPCR (%) ELISA (%, 95% CI) ppNT (%, 95% CI) 
All camels 
 Location 
  Farm 36 (56) 0 6 (17, 6–33) 5 (14, 5–29) 
  Market 19 (35) 0 11 (58, 34–80) 12 (63, 38–84) 
 Origin       
  Imported 31 (56) 0 16 (52, 33–70) 16 (52, 33–70) 
  Bangladesh 24 (44) 0 1 (4, 1–21) 1 (4, 0–21) 
 Sex       
  M 29 (53) 0 6 (21, 8–40) 7 (24, 10–44) 
  F 26 (47) 0 11 (42, 23–63) 10 (38, 20–59) 
 Age group       
  Adult, >2 y 44 (80) 0 16 (36, 22–52) 16 (36, 22–52) 
  Juvenile, <2 y 11 (20) 0 1 (9, 1–41) 1 (9, 0–41) 
 Body condition       
  Poor 19 (35) 0 11 (58, 34–80) 12 (63, 38–84) 
  Fair 6 (11) 0 1 (16, 1–64) 0 
  Good 30 (55) 0 5 (17, 1–35) 5 (17, 06–35) 
 Upper respiratory signs       
  Yes 2 (4) 0 1 (50, 1–99) 0 
  No 53 (96) 0 16 (30, 18–44 17 (32, 20–46) 
Farm camels 
 Age group 
  Adult, >2 y 8 (22) 0 0 0 
  Juvenile, <2 y 28 (78) 0 6 (21, 8–41) 5 (18, 6–37) 
 Sex 
  M 18 (50) 0 1 (6, 1–27) 4 (22, 6–48) 
  F 18 (50) 0 5 (28, 10–53) 1 (6, 1–27) 
 Origin 
  Bangladesh 24 (67) 0 1 (4, 1–21) 1 (4, 1–21) 
  Imported 12 (33) 0 5 (42, 15–72) 4 (33, 9–65) 
Market camels 
 Age group 
  Adult, >2 y 3 (16) 0 1 (33, 1–90) 1 (33, 1–90) 
  Juvenile, <2 y 16 (84) 0 10 (63, 35–85) 11 (69, 41–89) 
 Sex 
  M 11 (58) 0 6 (75, 23–83) 6 (55, 23–83) 
  F 8 (42) 0 5 (45, 24–91) 6 (75, 35–97) 
 Origin 
  Bangladesh 0 0 0 0 
  Imported 19 (100) 0 11 (58, 34–80) 12 (63, 38–84) 
*MERS-CoV, Middle East respiratory syndrome coronavirus; ppNT, pseudoparticle neutralization test; rPCR, real-time PCR. 
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By sequence analysis of 16S rRNA, flaB, p66, and glpQ, 
we identified Borrelia miyamotoi in 1 of 4 Père David deer 
(n = 43) seropositive for Borrelia spp. and 1.2% (3/244) of 
Haemaphysalis longicornis ticks from Dafeng Elk National 
Natural Reserve, China. Future studies should assess Bor-
relia pathogenesis in deer.

Père David deer (Elaphurus davidianus) are extinct in 
the wild and found only in captivity, principally in 

China, England, and the United States. Just 5,000 animals 
remain, with 40% located in Dafeng Elk National Natural 
Reserve in China, which attracts >1 million tourists annu-
ally. Ticks are common in the Dafeng Elk National Natu-
ral Reserve (1), so we investigated the tickborne bacterial 
pathogens in Père David deer at this reserve.

The institutional animal care and use committee of 
Yangzhou University College of Veterinary Medicine 
(Yangzhou, China) (YZU-CVM#2015–076) approved this 
study. We took whole blood samples from 43 apparently 
healthy Père David deer (20 males, 23 females), separated 
out the plasma (1,800 × g for 10 min), and used the plasma 
to detect antibodies against bacterial pathogens with the 
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Figure. Neighbor-joining phylogenetic trees constructed with 16S rRNA, flaB, p66, and glpQ gene sequences of Borrelia spp. isolates 
collected from Père David deer (Elaphurus davidianus) and Haemaphysalis longicornis ticks, Dafeng Elk National Natural Reserve, 
China, and reference isolates. The isolates identified in this study (bold; GenBank accession nos. MF521973, MF541143, MG763228, 
MG763229) are most similar to B. miyamotoi of the relapsing fever group. Numbers at branch nodes show bootstrap support (1,000 
replicates). Scale bars indicate nucleotide substitutions per site.



SNAP 4Dx kit (IDEXX, Westbrook, ME, USA) (2) accord-
ing to the manufacturer’s instructions. Further, ELISAs and 
Western blots using Borrelia miyamotoi GlpQ recombinant 
protein (RayBiotech, Norcross, GA, USA) and peroxidase-
labeled rabbit anti-deer IgG (SeraCare, Milford, MA, USA) 
were performed as described previously (3) to detect GlpQ 
antibodies specific to B. miyamotoi.

We collected a convenience sample of Haemaphy-
salis longicornis ticks (n = 244) from elk in the Dafeng 
Elk National Natural Reserve during the summer of 2016 
and stored the collection at –80°C. We used the High 
Pure PCR Template Preparation Kit (Roche Diagnostics 
GmbH, Mannheim, Germany) according to the manufac-
turers instructions to extract DNA from Père David deer 
whole blood samples and entire H. longicornis ticks. We 
used published PCR protocols targeting the 16S rRNA (4), 
flaB (5), and glpQ (6) genes and an in-house p66 PCR (for-
ward primer 5¢-CGATTTTTCTATATTTGGACACAT-3¢, 
reverse primer 5¢-GATATAGATTCTACAGGTATTG-
CATAATC-3¢) to screen blood samples and ticks for B. 
miyamotoi. We sequenced both strands of PCR products 
using BGI’s (Shanghai, China) services and aligned them 
using ClustalW in MEGA 7 (http://www.megasoftware.
net/) with the nucleotide sequences of 11 relapsing fever 
group borreliae and 7 Lyme disease group borreliae found 
in GenBank.

Four (9.3%; 1 male, 3 females) of the 43 deer were se-
ropositive by SNAP 4Dx, demonstrating an immunodomi-
nance of antibodies against synthetic C6 peptide invariable 
region 6 of the pathogenic Borrelia genospecies, B. burg-
dorferi sensu stricto, B. garinii, and B. afzelii (7). Seroposi-
tivity was confirmed by GlpQ antibody ELISA and Western 
blot with GlpQ recombinant protein, indicating exposure to 
B. miyamotoi.

One of the seropositive female deer (2.3% of overall 
deer population) and 3 (1.2%) of the 244 ticks were posi-
tive for the 4 Borrelia genes tested (16S rRNA, flaB, glpQ, 
p66) by PCR. The sequences obtained from the PCR prod-
ucts showed the 4 animals had identical sets of Borrelia 
genes. The 16S rRNA, flaB, and p66 sequences were more 
similar to those of the relapsing fever group borreliae (16S 
rRNA 97.9%–99.3%, flaB 83.7%–88.9%, p66 72.4%–
83.3%) than the Lyme disease group borreliae (16S rRNA 
96.6%–97.2%, flaB 79.2%–80.9%, p66 66.1%–68.1%). 
The B. miyamotoi glpQ gene sequence obtained from the 
deer and ticks also clustered with those of the relapsing fe-
ver group borreliae (81.1%–88.9%), and all analyzed gene 
sequences had greatest similarity with B. miyamotoi genes 
(16S rRNA 99.3% [576/580], flaB 88.9% [321/361], p66 
83.3% [423/508], glpQ 88.9% [377/424]) (Figure).

B. miyamotoi is a member of the relapsing fever group 
first isolated in Japan and subsequently found in North 
America, Europe, and Russia (8). B. miyamotoi has not 

been reported in deer but can be pathogenic in humans, 
usually resulting in an acute febrile influenza-like illness 
but occasionally causing severe disease, including menin-
goencephalitis (9). Further studies are needed to determine 
the effects of B. miyamotoi infections in deer, especially be-
cause studies on Ixodes scapularis ticks in the United States 
have indicated that deer might be a sylvatic reservoir (10).

I. persulcatus and I. pavlovskyi ticks are known to be 
infected with B. miyamotoi in Asia, whereas other Ixodes 
spp. ticks are vectors in the United States and Europe (9). 
Tick control in semi–free-ranging animals is challenging; 
the Père David deer we studied are commonly infested 
with ticks. The only tick species identified on Père David 
deer in Dafeng Elk National Natural Reserve was H. lon-
gicornis (1), which can reach high densities in the environ-
ment (summer 89.5 ± 17.1 ticks/10 m2, winter 1.47 ± 0.35 
ticks/10 m2) and cause anemia and even death in heavily 
infested animals. Our finding of B. miyamotoi in H. lon-
gicornis ticks adds to the list of organisms reported in this 
tick, primarily B. burgdorferi sensu lato and unclassified 
Borrelia spp.

In summary, we have shown that B. miyamotoi sensu 
lato occurs in Père David deer and H. longicornis ticks in 
Dafeng Elk National Natural Reserve. Further studies are 
needed on the pathogenicity of the organism in deer and the 
role of H. longicornis ticks in the epidemiology of infec-
tions in deer and humans.
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While studying rickettsial infections in Peru, we detected 
Rickettsia asembonensis in fleas from domestic animals. 
We characterized 5 complete genomic regions (17kDa, 
gltA, ompA, ompB, and sca4) and conducted multilocus se-
quence typing and phylogenetic analyses. The molecular 
isolate from Peru is distinct from the original R. asembonen-
sis strain from Kenya.

Rickettsia asembonensis belongs to a group of R. felis–
like organisms (RFLOs) that are similar, yet distinct, 

from their closest known relative, R. felis (1,2). Although 
R. felis causes disease in humans (3), the pathogenicity of 
RFLOs remains unknown (1,4,5). R. asembonensis was 
initially identified in domestic fleas from Kenya (1). Sub-
sequently, reports from the Americas, Asia, and Africa es-
tablished that R. asembonensis is ubiquitous and closely as-
sociated with human habitats because of its arthropod hosts 
(4–7). However, reports of R. asembonensis rarely include 
robust genomic information needed to establish degrees of 
genetic diversity. Consequently, many rickettsial infections 
remain underdiagnosed, even when prevalence is high (8). 
We recently described R. asembonensis in multiple ecto-
parasites (Ctenocephalidesfelis fleas and Rhipicephalus-
sanguineus ticks) collected in the Peruvian Amazon (9). 
Here, we detail multilocus sequence typing of a single mo-
lecular isolate using next-generation sequencing data for 
5 complete genomic regions, including conserved (17kDa 
and gltA) and variable (ompA, ompB, and sca4) genes.

The internal review board of the US Naval Medical Re-
search Unit No. 6 and the Institutional Animal Care and Use 
Committee approved the study protocol in compliance with 
all applicable regulations. Genomic DNA was mechanically 
extracted from half of a single C. felis flea as described (9) and 
fragmented by Bioruptor (Diagenode, Denville, NJ, USA). 
Fragmented DNA served as template to prepare IonPGM li-
braries using IonPlus Fragment Library Kits (ThermoFisher, 
Lima, Peru) according to the manufacturer’s directions. We 
conducted quality control using Bioanalyzer High Sensitiv-
ity chips (Agilent, Lima, Peru). We prepared libraries for se-
quencing using IonPGM Template OT2 200 Kits (Thermo-
Fisher, Lima, Peru) and conducted sequencing on 318 chips 
using IonPGM Sequencing 200 Kits v2 (ThermoFisher). We 
processed raw data by reference mapping against NMRCii 
from Kenya (10). Of the 20,575,878 shotgun sequencing reads 
generated, ≈12% matched Rickettsiaceae.

Comparison of the consensus sequences we gener-
ated (GenBank accession nos. KY650696–KY650700) 
with those of strain NMRCii (GenBank accession no. 
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JWSW01000078.1) (10) indicates high identity at the nu-
cleotide (99.8%–100.0%) and amino acid (99.6–100.0%) 
levels (Table). As expected, conserved genes (17kDa and 
gltA) showed fewer substitutions than variable genes (ompA, 
ompB, and sca4). The 17–kDa gene exhibited no mutations 
along its 480-nt open reading frame (ORF), whereas the 
gltA gene exhibited 3 mutations along its 1,314-nt ORF. 
Two mutations in gltA encoded silent changes, whereas 
the third encoded a conservative lysine-to-glutamic acid 
change at position 290. In the variable group, ompB ex-
hibited no mutations along its 4,947-nt ORF; ompA and 
sca4 exhibited 5 each. ompA had 2 conservative changes 
(leucine-to-valine at position 1454 and valine-to-alanine at 
position 1627) and 2 nonconservative changes (tyrosine-to-
aspartic acid at position 162 and arginine-to-glycine at po-
sition 1280). sca4 had 1 conservative change (glutamine-
to-histidine at position 608) and 3 nonconservative changes 
(leucine-to-proline at position 128, arginine-to-glycine at 
position 754, and isoleucine-to-threonine at position 831). 
On the basis of these data, we conclude that the Peru mo-
lecular isolate is distinct from the original Kenya strain.

To further characterize the Peru isolate, we conducted 
phylogenetic analysis using the conserved gltA gene. Al-
though reference sequences are available for multiple Rick-
ettsiaceae, R. asembonensis sequences are limited in num-
ber and length (online Technical Appendix Table, https://
wwwnc.cdc.gov/EID/article/24/5/17-0323-Techapp1.pdf). 
Nevertheless, we constructed a phylogenetic tree using al-
most the complete gltA gene (1,068 [81%] nt of the ORF). 
As expected, the Peru isolate groups with RFLOs, including 
other R. asembonensis isolates and R. senegalensis (online 
Technical Appendix Figure, panel A). Construction of an 
additional tree using only 348 nt of gltA sequence available 
for an increased number of isolates (online Technical Appen-
dix Table) enabled us to confirm placement and relationship  

with other strains from the Americas (online Technical Ap-
pendix Figure, panel B). This tree focuses exclusively on 
the transitional group and includes partial R. asembonensis 
references from Brazil, Colombia, and Costa Rica that were 
not available for inclusion in the 1,068-nt gltA tree. The 
Peru isolate clearly groups with other American isolates, 
and this subgroup is distinct from the original Kenya strain.

R. asembonensis is a new species (2) with potential 
as a ubiquitous human pathogen. Despite worldwide dis-
tribution, whether R. asembonensis and other RFLOs are 
pathogenic to humans, as is their closest relative R. fe-
lis, remains unknown. Complete genomic data, which are 
largely lacking from public repositories, are required to 
assess genetic diversity. Using next-generation sequenc-
ing, we generated complete sequences for 2 conserved (17 
kDa and gltA) and 3 variable (ompA, ompB, and sca4) 
genes of an R. asembonensis molecular isolate from Peru. 
Although characterization of 1 isolate is not sufficient to 
evaluate strain diversity within Peru, much less among 
American strains, these sequences represent a major con-
tribution toward the expansion of availability of much 
needed genomic information. Our multilocus sequence 
typing and phylogenetic analyses indicate that the Peru 
isolate is closer to American strains than to the original 
strain from Kenya. Characterization of additional isolates, 
derived from a variety of ectoparasites in which R. asem-
bonensis has been detected, is needed to further validate 
our findings and to conduct in-depth diversity studies. In 
turn, these results should help decrease the chronic under-
diagnosis of rickettsial diseases throughout the Americas.

This work was supported by work unit no. 800000.82000.25GB.
B0016, Promis ID#MLeguia-PO166-14, for FY2014, from the 
Global Emerging Infections Surveillance and Response System 
of the Armed Forces Health Surveillance Center.
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Table. Multilocus sequence typing analysis of complete genes from Peru Rickettsia asembonensis molecular isolate VGD7* 

Changes 
Conserved genes (GenBank accession no.) 

 
Variable genes (GenBank accession no.) 

17-kDa (KY650696) gltA (KY650697) ompA (KY650698) ompB (KY650699) sca4 (KY650700) 
Genome 

  
 

   

 Complete ORF, nt 480 1,314  5,076 4,947 3,033 
  Identity, % 100 99.8  99.9 100 99.8 
  Mutations None C 138 T  T 484 G None T 383 C   

T 537 C  C 828 A 
 

T 807 C   
A 868 G  A 3838 G 

 
G 1824 T    

 C 4360 G 
 

A 2260 G    
 T 4880 C 

 
T 2492 C 

 Total changes 0 3  5 0 5 
Protein 

  
 

   

 Complete protein, aa 160 438  1,692 1,649 1,011 
  Identity, % 100 99.8  99.8 100 99.6 
  Mutations None K 290 E  Y 162 D None L 128 P    

 R 1280 G 
 

Q 608 H    
 L 1454 V 

 
R 754 G    

 V 1627 A 
 

I 831 T 
 Total changes 0 1  4 0 4 
*Comparisons were made against reference strain NMRCii from Kenya (GenBank accession no. JWSW01000078.1). Blank cells indicate no additional 
mutations or changes to report. ORF, open reading frame. 
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We report a case of spontaneous abortion associated with 
Zika virus infection in a pregnant woman who traveled from 
Spain to the Dominican Republic and developed a rash. 
Maternal Zika viremia persisted at least 31 days after onset 
of symptoms and 21 days after uterine evacuation.

Evidence regarding the association of Zika virus infec-
tion and pregnancy loss (spontaneous abortions and 

stillbirths) has been reported recently (1). Zika virus has 
been detected by reverse transcription PCR (RT-PCR) in 
brain tissue samples from stillborn infants and from pla-
cental tissue obtained from pregnancy losses (2,3). We re-
port a case of early pregnancy loss associated with Zika 
virus with evidence of persistent maternal viremia after 
uterine evacuation.

In mid-June 2016, a 22-year-old woman, who was in 
the seventh week of gestation, traveled from Spain to the 
Dominican Republic. Fifteen days after her arrival, she 
developed a mild macular rash and malaise that resolved 
after 3 days (Figure). One day after her return to Spain 
(at 10.5 weeks of pregnancy and 9 days after the onset of 
symptoms), a routine first-trimester prenatal scan showed 
an embryo without cardiac activity and a crown–rump 
length of 19 mm, compatible with a pregnancy loss at an 
estimated gestational age of 8 weeks and 4 days (Figure). 
On July 5, 2016, a maternal serum sample tested positive 
for Zika virus by a commercial real-time RT-PCR with a 
cycle threshold (Ct) value of 33, and a urine sample was 
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negative by real time RT-PCR (details on laboratory test-
ing in online Technical Appendix, https://wwwnc.cdc.gov/
EID/article/24/5/17-1479-Techapp1.pdf). We detected Zika 
virus IgM and IgG by a commercial immunofluorescence 
assay (see online Technical Appendix).

The patient was offered a chorionic villi sampling; the 
genetic analysis was normal. Surgical evacuation of the uter-
us was performed by vacuum aspiration followed by curet-
tage. We detected Zika virus by real time RT-PCR in both the 
transport medium in which the chorionic biopsy was stored 
(Ct = 36) and the supernatant of the karyotype cell culture 
(Ct = 12). Differences in real-time PCR Ct values can be ex-
plained by active viral replication in the karyotype cell cul-
ture. We used the supernatant of the karyotype cell culture to 
inoculate Vero cells, where we observed a cytopathic effect. 
We confirmed virus isolation by subsequent infection of new 
Vero cells, RT-PCR analysis, and sequencing of the Zika vi-
rus envelope gene. This analysis suggested active Zika virus 
replication in embryonic cells. We also detected Zika virus 
by real time RT-PCR in fresh placental tissue samples from 
vacuum aspiration (online Technical Appendix).

Formalin-fixed paraffin-embedded placental tissues 
were also analyzed at the Centers for Disease Control and 

Prevention (CDC; Atlanta, GA, USA). Histopathological 
analyses of these placental tissues revealed perivillous fi-
brinoid deposition, focal coarse calcifications, and moder-
ate increase of Hofbauer cells. The histological sections of 
the placental tissue, which were stained with hematoxylin 
and eosin, showed a focus of villous necrosis associated 
with calcifications. A small portion of embryonic mem-
branes was visible, showing no noteworthy inflammatory 
infiltrate. Immunohistochemical testing on placental tis-
sue did not show presence of Zika virus–specific immu-
nostaining. The histological findings were not relevant to 
the diagnosis. No specific changes were observed, neither 
associated inflammation was identified, and only nonspe-
cific mild abnormalities were present. Nevertheless, Zika 
virus RT-PCR assays and sequencing performed on RNA 
extracted from placental tissues identified the presence of 
Zika virus in the sample (4). On July 6, 21 days after vac-
uum aspiration and 31 days after the onset of symptoms, 
we detected Zika virus in maternal serum samples using 
RT-PCR (Ct = 37).

Our investigation found evidence of Zika virus infection 
in tissue samples from an early pregnancy loss in a mother 
infected with Zika virus in the first trimester of pregnancy. 
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Figure. Clinical timeline for a 22-year-old pregnant woman who had suspected Zika virus infection. The woman was in the seventh 
week of gestation when she traveled from Spain to the Dominican Republic. CRL, crown–rump length; DENV, dengue virus; Ig, 
immunoglobulin; IHC, immunohistochemistry; ZIKV, Zika virus; RT-PCR, reverse transcription PCR; +, positive; –, negative.



Testing of tissues from vacuum aspiration and from chorionic 
villi sampling revealed that placenta and chorion contained 
Zika virus RNA. Isolation of Zika virus from the karyotype 
cell culture confirmed active viral replication in embryonic 
cells. All the tests performed suggest that the spontaneous 
abortion in this woman was likely associated with a symp-
tomatic Zika virus infection occurring early in pregnancy. 
These findings provide further evidence of the association 
between Zika virus infection early in pregnancy and trans-
placental infection, as well as embryonic damage, leading 
to poor pregnancy outcomes (2). Given that embryo loss 
had probably occurred days before maternal-related symp-
toms, we hypothesize that spontaneous abortion happened 
early during maternal viremia. The prolonged viremia in the 
mother beyond the first week after symptom onset concurs 
with other recent reports (1,5). However, persistent viremia 
3 weeks after pregnancy outcome has not been described 
previously and underscores the current lack of knowledge 
regarding the persistence of Zika virus infection. Because 
we identified Zika virus RNA in placental tissues, our find-
ings reinforce the evidence for early gestational placental 
tissue as the preferred target for viral tropism (2,4). Finally, 
although laboratory tests were performed to dismiss other 
maternal infections (see online Technical Appendix), the at-
tribution of Zika virus as the cause of the spontaneous abor-
tion must be interpreted with caution, because a non–Zika-
related etiology cannot be entirely ruled out. Further studies 
are warranted to investigate the natural history of Zika virus 
infection in pregnant women.
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We report identification of an Oropouche virus strain in a fe-
brile patient from Ecuador by using metagenomic sequenc-
ing and real-time reverse transcription PCR. Virus was iso-
lated from patient serum by using Vero cells. Phylogenetic 
analysis of the whole-genome sequence showed the virus 
to be similar to a strain from Peru.

Oropouche virus (OROV) is a negative-sense, single-
stranded RNA virus (family Bunyaviridae, genus Or-

thobunyaviridae) with a tripartite genome consisting of large 
(L), medium (M), and small (S) segments. OROV causes 
a self-limiting acute febrile illness, Oropouche fever (1). 
Since its discovery in Trinidad in 1955 (2), >30 outbreaks of 
OROV have been reported from Brazil, Panama, and Peru, 
demonstrating the ability of this midgeborne virus to cause 
epidemics. Approximately 500,000 cases of Oropouche 
fever have been reported, making OROV one of the most 
clinically significant orthobunyaviruses (1). Two previous 
studies reported unconfirmed infections in Ecuador by using 
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serologic or antigenic evidence (3,4). We describe whole-ge-
nome sequencing and virus isolation of OROV in Ecuador.

We collected a blood sample from a consenting 
41-year-old male patient in Esmeraldas, Ecuador, who 
sought treatment in April 2016 after 7 days of fever, head-
ache, joint pain, muscle pain, and nausea. The patient re-
ported that he had been in Esmeraldas for >3 months and 
had not traveled outside the province during that time. 
RNA was extracted from plasma of the blood sample and 
tested at Universidad San Francisco de Quito, Ecuador, and 
Public Health England, UK, for dengue virus (DENV), chi-
kungunya virus (CHIKV), Zika virus, yellow fever virus, 
Mayaro virus, Plasmodium spp., Leptospira spp., and Rick-
ettsia spp. by using real-time reverse transcription PCR 
(rRT-PCR) and conventional RT-PCR assays developed 
in-house or acquired commercially (Genesig, Primerdesign 
Ltd., Cambridge, UK). The sample gave borderline results 
for DENV (quantitation cycle [Cq] 35.3) and CHIKV (Cq 
36.6; reference ranges ≤35 positive, 35–40 borderline, >40 
negative) and negative results for the other pathogens. 

As an initial screen for other pathogens, we applied unbi-
ased metagenomic sequencing. Analysis of sequencing reads 
by using Kraken, a system for assigning taxonomic labels to 
individual reads (5), identified 1% reads (5,016 of 464,444) 
as specific to OROV. We generated an OROV consensus 
sequence by mapping reads to a reference sequence, which 
resulted in coverage of 69% for S, 76% for M, and 79% for 
L OROV viral RNA segments (online Technical Appendix, 
http://wwwnc.cdc.gov/EID/article/24/2/17-1569-Techapp1.
pdf). We classified 1,228 reads as DENV serotype 1, all of 
which mapped to a single 732-nt region of the DENV-1 ref-
erence genome. No reads mapped to CHIKV.

After confirmation of the presence of OROV by using 
a validated rRT-PCR (6), we attempted to isolate OROV by 
using Vero and C6/36 cell lines inoculated with the patient’s 
plasma. We confirmed virus replication by detecting increas-
ing OROV RNA over time by using rRT-PCR. We obtained 
whole-genome sequences by sequencing viral RNA from 
harvested OROV supernatant; each genome segment was 
sequenced at average depths of coverage of 55,532× for S, 
4,954× for M, and 5,674× for L segments. We deposited se-
quences in GenBank (online Technical Appendix). Genetic 
organization was similar to that of other OROV strains: seg-
ment lengths 952 nt for S, 4,387 nt for M, and 6,852 nt for L. 

Phylogenetic analysis (online Technical Appendix) 
showed that the virus we isolated, OROV/EC/Esmeral-
das/087/2016, was most closely related to a strain isolated 
from a patient in Peru during 2008 and excluded the pos-
sibility of the virus being a reassortant orthobunyavirus, 
such as Iquitos virus. This finding suggests a potential in-
troduction across the Peru–Ecuador border; however, fur-
ther investigation is required to understand the origin and 
incidence of OROV in Ecuador. The known urban OROV 

vector, the Culicoides paraensis midge, is absent in the Pa-
cific Coast region, including Esmeraldas (S. Zapata, pers. 
comm., 2017 Aug 31), which raises the question of alter-
native insect vectors in OROV transmission. Culex mos-
quitoes have previously been implicated as vectors in the 
OROV urban cycle, notably C. quinquefasciatus (1), a spe-
cies that is widespread throughout South America (7).

DENV and CHIKV rRT-PCR results for this patient 
were inconclusive. The small proportion of DENV reads in 
the metagenomic data suggests DENV-1 infection is pos-
sible. Using ELISA to detect DENV and CHIKV-specific 
antibodies may help clarify the results.

It is likely that cases of Oropouche fever go unreported 
or misdiagnosed. Clinical features of the disease are similar 
to those of other viral, protozoan, and bacterial diseases pre-
viously reported in Ecuador (1,4,8,9). OROV might spread 
unnoticed across a wide geographic area, as suggested by 
this unexpected detection. Several studies have success-
fully documented the use of metagenomic sequencing for 
virus identification in febrile patients (10); this approach 
is becoming more practicable as costs decrease, the major 
benefit being the ability to detect unexpected or novel viral 
sequences, as evidenced by this detection of OROV. 

This work highlights the need for increased surveil-
lance of OROV in Ecuador and effective differential diag-
nostic assays to distinguish between emerging pathogens 
sharing common clinical descriptions to those already cir-
culating. To clarify the true prevalence of this disease in 
Ecuador, the OROV rRT-PCR assay will be used to screen 
archived and newly collected samples from a cohort of pa-
tients seeking treatment for acute undifferentiated febrile 
illness during 2016–2017.
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In September 1955, a virus was isolated from a 24-year-old forest worker from the community of Vega de Oropouche, near the 
town of Sangre Grande, on the island of Trinidad (country: Trinidad and Tobago), who presented with fever, backache, and 

cough, which resolved spontaneously after 3 days. The virus was isolated from the patient’s blood by intracranial inoculation 
of suckling mice at the Trinidad Regional Virus Laboratory. Five years later, the virus was isolated from Coquillettidia venezu-
elensis (Theobald) mosquitoes collected ≈30 miles away in the Bush Bush Forest. The urban vector was later identified as the 
midge Culicoides paraensis, but the sylvatic vector remains unknown. Virus has been isolated from the three-toed sloth, which 
is believed to be involved in the sylvatic transmission cycle.

The virus was shown to be unique but antigenically related to Simbu virus, which had recently been described from South 
Africa. It therefore became a member of the large family of bunyaviruses.1

The virus, Oropouche virus, named in keeping with the tradition of designating arboviruses by using local geographic names, 
stems from the name of the village, a nearby swamp (wetland), and river. It derives from an Amerindian word, but the ancient 
meaning of the word is not clear.

Oropouche virus has since proven to be one of the most common arthropodborne viruses infecting humans in the tropics of the 
Western Hemisphere. Clinical signs of infection include headache, myalgia, arthralgia, and chills; no deaths have been reported. It 
has been estimated to have infected more than half a million persons in Brazil alone, and there have also been large outbreaks in 
Panama and Peru. In keeping with the recent emergence of other arboviruses such as West Nile, chikungunya, and Zika viruses, 
Oropouche virus is a candidate for possible further urban spread and therefore warrants increased surveillance and diagnostics.

Oropouche [oʹro-pooʺche] Virus
etymologia
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Mental models are cognitive representations of phenomena 
that can constrain efforts to reduce infectious disease. In a 
study of Zika virus awareness in Guatemala, many participants 
referred to experiences with other mosquitoborne diseases 
during discussions of Zika virus. These results highlight the 
importance of past experiences for Zika virus understanding.

Current risk communication literature includes guide-
lines regarding crises (1,2). Creating and distributing 

risk-mitigation information amid a nexus of emotion, pub-
lic health threats, a journalistic tendency toward sensation-
alism, and misinformation can be daunting (3,4), which can 
make general guidelines appealing. We argue here, though, 
that tension between widely held, preexisting mental mod-
els of disease and the circumstances of each new emergent 
infectious disease offers an underappreciated challenge. 
By better acknowledging how existing audience mindsets 
reflect past experiences sometimes at odds with new cir-
cumstances, we can move beyond set guidelines to call for 
formative research, psychologically oriented literature re-
views, and social discourse monitoring as crucial steps to 
address emerging infectious diseases. To support our argu-
ment, we offer case evidence regarding public understand-
ing of Zika virus in Guatemala in early 2016.

Any assessment of public health intervention poten-
tial can begin with understanding existing mental models 
among a population. Mental models involve how persons 
imagine and conceptualize phenomena (5,6; online Techni-
cal Appendix, https://wwwnc.cdc.gov/EID/article/24/5/17-
1570-Techapp1.pdf). In the case of infectious disease, 
mental models can include conceptualization of disease 
transmission routes and processes and constraints, just as 
mental models of mechanical tools can include a person’s 
understanding of engineering principles.

To clarify how Guatemalans perceived Zika virus in 
spring 2016, we conducted 8 focus groups (with separate 

groups for men and women) and 10 in-depth individual in-
terviews (coordinated in country by T.L.). Participants were 
adults 18–49 years of age in both urban and rural regions 
affected by the virus. We recruited participants from the da-
tabase of a market research firm in Guatemala (ConsuMer). 
Staff conducted all focus groups and interviews in Span-
ish in 2 departments (Zacapa and Suchitepéquez) (7); focus 
groups took place in central locations (e.g., restaurants) and 
individual interviews occured in participants’ homes.

The importance of personal experience with mosqui-
toborne viral disease in informing Zika virus understanding 
was striking. Virtually all participants were aware of Zika as 
a disease affecting Guatemala at the time of the interviews. 
At the same time, much of the discussion with participants 
clearly referred to other mosquitoborne diseases, rather than 
their conceiving of Zika virus as a new pathogen.

This pattern is understandable given the disease con-
text in Guatemala, where dengue fever has been endemic 
for years, and given the substantial outbreak of chikungunya 
disease in 2014. Zika virus emerged and began to spread rap-
idly in Guatemala in late 2015. Participants apparently drew 
on experience with dengue and chikungunya as a baseline in 
understanding Zika virus. Mosquitoes were most commonly 
mentioned as a vector for the Zika virus, and participants 
often pointed out that the type of mosquito that transmitted 
Zika also was responsible for chikungunya and dengue.

Some participants made distinctions between mosqui-
toborne diseases. Many participants (>1 in each of all 8 
focus groups and 6 in individual interviews), for example, 
noted that the presence of conjunctivitis (red eyes) distin-
guishes Zika from other mosquitoborne diseases. Even in 
such cases, however, dengue and chikungunya served as 
an anchoring reference against which Zika virus was com-
pared. Anchoring bias is a human tendency to rely on an 
initial piece of information even when new information 
comes to light (8).

Such predominant understanding of mosquitoborne 
transmission appears to have overshadowed other possibili-
ties for transmission routes in popular imagination. Fewer 
than half of the in-depth interview participants reported 
knowing that Zika virus could be sexually transmitted. That 
gap in understanding poses challenges to preventive efforts to 
change social interaction (as opposed to emphasizing preven-
tion of interaction with mosquitoes). Moreover, many par-
ticipants (>1 in each of 6 focus groups and half in individual 
interviews) expressed some sense of inevitability regarding 
mosquitoborne disease, likely because avoiding mosquito 
bites in Guatemala at certain times of the year can be difficult.

Anecdotal experience with symptoms loomed large in 
discussion. Participants (>1 in each of 4 focus groups) noted, 
after learning about sexual transmission possibilities, that 
they would look for symptoms in a partner and base sexual 
behavior on their assessment (insofar as they had agency to 
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decide). We know, however, that a person infected with Zika 
virus might not have easily observable symptoms. Even if 
persons accept the possibility of sexual transmission, they 
might not engage in safe sex practices with asymptomatic 
infected partners.

If persons understand Zika virus through a mental 
model informed by dengue or chikungunya, public health 
officials should address potential confusion, especially in 
light of differences (e.g., sexual transmission) that might 
be misunderstood or ignored. Even when not confusing the 
illnesses, participants clearly conceptualized Zika in com-
parison with relatively more familiar illnesses. In this way, 
they operated in similar fashion as consumers encountering 
novel products do (9,10). Public health messaging might 
leverage this tendency. If it is easiest to understand a new 
outbreak in comparison to a previous one, using analogy or 
direct comparison might be effective but will also require 
careful emphasis on what is new.
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Chikungunya virus causes fever and severe polyarthritis or 
arthralgia and is associated with neurologic manifestations 
that are sometimes challenging to diagnose. We demonstrate 
intrathecal synthesis of chikungunya antibodies in a patient 
with a history of acute infection complicated by encephalitis. 
The specificity of the intracerebral immune response sup-
ports early chikungunya-associated encephalitis diagnosis.

Chikungunya virus (CHIKV) is an alphavirus transmit-
ted by infected Aedes mosquitoes (Ae. aegypti and Ae. 

albopictus) (1). Global expansion epidemics have been 
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reported (1). The disease is characterized by acute fever, 
maculopapular rash, headache, and disabling rheumatism 
(1,2). Neurologic complications may occur, including en-
cephalopathy, encephalitis, myelitis, and Guillain-Barré 
syndrome (3–5). Differentiating CHIKV infection from 
other arbovirus infections is difficult because of co-occur-
ring conditions and similar manifestations (3). Detection 
of viral RNA and specific antibodies in cerebrospinal fluid 
(CSF) suggests neurotropic evidence of CHIKV (2,3), but 
whether these antibodies are synthesized locally or derived 
from blood has not been demonstrated (6,7). We detected 
intrathecal synthesis of CHIKV IgG by specific antibody 
index in a case of encephalitis (6).

In January 2016, a 69-year-old woman had sudden fe-
ver (38°C), intense generalized arthritis, prostration, and 
cognitive alterations characterized by forgetting and ex-
changing words. She used analgesics without relief. After 1 
week, a maculopapular rash with intense pruritus appeared 
on her upper limbs. A few days later, her rash and fever 
abated, but other symptoms continued. She was referred for 
consultation 3 months after symptom onset. Physical exam-
ination revealed bilateral finger and knee arthritis (online 
Technical Appendix Figure, https://wwwnc.cdc.gov/EID/
article/24/5/17-1763-Techapp1.pdf). Neurologic examina-
tion showed slow thinking, inattention, and mild confusion. 
She had a history of dengue and Zika virus infections. Re-
sults of a routine blood analysis were unremarkable. 

We performed several antibody tests: anti-CHIKV 
ELISA (IgM and IgG; EUROIMMUN, Luebeck, Germa-
ny); Panbio Dengue IgG Indirect ELISA and Dengue IgM 
Capture ELISA (Panbio, Brisbane, Queensland, Australia); 
and immunochromatographic assay (GenBody Zika IgG/
IgM; Biotech Business, Chungnam, South Korea). Results 
for specific IgG and IgM are shown in the Table. CSF analy-
sis demonstrated leukocytes 1 cell/mm3; protein 29 mg/dL; 
glucose 40 mg/dL; blood–CSF barrier function based on 
albumin quotient 6 × 10–3; IgG index 0.43 (reference <0.7); 
and intrathecal IgG fraction (IgGIF) of total IgG found in 
CSF, <0% (6,7). In addition, we quantitatively determined 
the synthesis of specific antibodies by antibody index (AI) 
(6). We used an ELISA test for DENV IgG and ELISA for 
CHIKV IgG in paired CSF and serum. We calculated AI 
as the ratio between the specific IgG and total IgG quo-
tient, considering that there was no intrathecal synthesis of  

total IgG (IgGIF <0%). The sample dilutions for dengue 
were 1:8 for CSF and 1:4,000 for serum. Sample dilutions 
for CHIKV were 1:2 for CSF and 1:101 for serum (6,8). AI 
was 1.14 for dengue and 7.24 for CHIKV, with AI reference 
range <1.5 (online Technical Appendix).

Brain magnetic resonance imaging showed foci with 
hyperintense signal in the T2-weighted sequences and 
fluid attenuation inversion recovery bilaterally in subcor-
tical frontoparietal areas. The patient showed substantial 
progressive improvement of cognitive alterations and ar-
thralgia after starting antiinflammatory treatment; she took 
nimesulide for 2 months, followed by prednisolone (20 
mg/d) with progressive reduction for another 2 months.

Our results demonstrate the quantitation of intrathecal-
ly synthesized CHIKV IgG. We diagnosed CHIKV-associ-
ated encephalitis on the basis of fever and altered mental 
status for >24 hours and positive CHIKV IgM antibodies 
in serum (9). CSF analysis results were unremarkable ex-
cept for elevated CHIKV AI, the only evidence of brain 
inflammation. Brain imaging showed unspecific lesions; 
viral encephalitis may occur without pleocytosis or specific 
parenchymal abnormalities (9).

The identification of specific etiologies of viral en-
cephalitis may be difficult in arbovirus-endemic areas (3). 
Co-infections with Zika virus, CHIKV, and DENV are 
frequent (1,3), and neurologic manifestations may also be 
similar (4,5). Although this case-patient also had a history 
of DENV and Zika infection with specific IgG in serum 
and CSF, we did not detect intrathecal synthesis of DENV 
antibodies (6–8) as did Puccioni-Sohler et al. in a previ-
ous study (8). Our findings show that the quantitation of 
antibodies synthesized in the brain may be useful in the dif-
ferential diagnosis of neurologic diseases caused by arbo-
viruses. The detection of specific intrathecal synthesis of 
antibodies is a known tool for the diagnosis of infections 
including herpes simplex virus, varicella zoster virus, mea-
sles, rubella, neuroborreliosis, and human T-cell leukemia 
virus type 1 (6–8).

CHIKV has attracted increasing attention because of its 
spatial spread and the high number of epidemics. Chikun-
gunya has been associated with debilitating arthropathy for 
months or years after the initial infection, along with severe 
neurologic complications such as encephalitis (4,5,10). The 
detection of the etiologic agent of a central nervous system 
disease may be difficult, considering that PCR results for 
CHIKV are positive only during the first days of infection 
(1). In addition, the presence of specific antibodies in CSF 
may be derived from blood (6,7). The detection of intrathe-
cal synthesis of CHIKV IgG may be useful as a specific 
laboratorial brain marker for diagnosis of encephalitis and 
other neurologic complications associated with CHIKV in-
fection. This result provides evidence of viral neurotropism 
and can be useful for supporting public health.
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Table. Results of the detection of IgM and IgG against 
chikungunya virus, dengue virus, and Zika virus, Brazil, 2016 

Target virus 

Sample type 
Serum 

 
Cerebrospinal fluid 

IgM IgG IgM IgG 
Chikungunya Reactive Reactive  Reactive Reactive 
Dengue Not 

reactive 
Reactive  Not 

reactive 
Reactive 

Zika Not 
reactive 

Reactive  Not 
reactive 

Reactive 
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Acute hepatitis E virus infection during pregnancy has a 
high fatality rate in developing countries. Little data are 
available on chronic infection in pregnant women. We report 
a case of chronic hepatitis E during treatment with infliximab 
and azathioprine, without adverse event during pregnancy 
and with spontaneous resolution after delivery.

Hepatitis E virus (HEV) genotype 1 causes a high num-
ber of deaths of pregnant women in developing coun-

tries (1). The few reported cases of HEV during pregnancy 
in industrialized countries (2–5) mainly relate to acute gen-
otype 3 infection. We report the course of autochthonous 
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chronic genotype 3c (GenBank accession no. KX602217) 
hepatitis E in a pregnant woman in France.

The patient, 27 years of age, was receiving immu-
nosuppressive therapies for ulcerative colitis and became 
pregnant during the infection and treatment. At symptom 
onset, she had received infliximab and azathioprine for >5 
years and reported eating undercooked meat; she had not 
traveled abroad. Prolonged elevated alanine aminotrans-
ferase (ALT) since May 2014 led her physician to suspect 
viral hepatitis; HEV infection was later diagnosed in Sep-
tember 2014 by detection of HEV IgM and RNA in plasma 
(Figure, panel A). We retrospectively tested previous blood 
samples from this patient, routinely stored in the hospital 
virology laboratory, and found them to be negative for 
HEV IgM and RNA. 

Persistence of HEV has not been reported among pa-
tients receiving infliximab or azathioprine. However, HEV 
persistence was reported in a patient receiving azathioprine 
combined with oral steroids (6) and in a pig model of HEV 
chronicity under combined cyclosporine/azathioprine/
methylprednisolone (7). On the basis of those reports, we 
reduced the patient’s dose of azathioprine to 100 mg/d and 
that of infliximab to 5 mg/kg/d every 8 weeks in November 
2014 (Figure, panel B), but infection did not resolve. She 
became pregnant shortly thereafter. 

During the patient’s pregnancy, viral loads ranged 
from 5.7 to 6.8 log10 copies/mL, and ALT returned to refer-
ence range (Figure, panel A). We discontinued infliximab at 
the beginning of the third trimester (Figure, panel B). Viral 
load increased by >1 log10 copies/mL, and ALT remained 
within reference range. She gave birth by vaginal delivery  

at 40 weeks of amenorrhea. On the day of delivery, 3 
months after infliximab discontinuation, viral load peaked 
(6.9 log10 copies/mL; Figure, panel A). Although viral load 
was high during pregnancy, the infant was not infected and 
was in good health; HEV RNA was undetectable in cord 
blood (the placenta was not available for evaluation), and 
neither HEV IgM nor RNA were found in the newborn’s 
plasma 2 days after birth. 

After delivery, testing of the mother’s plasma showed 
cytolysis (ALT >3× upper limit of reference range) and a 
>3-log decrease of HEV RNA (Figure, panel B). We rein-
troduced infliximab 3 weeks after delivery, at which time 
HEV RNA was lower than during pregnancy but still de-
tectable (3.5 log10 copies/mL; Figure, panel A). At 2 months 
after delivery, hepatic cytolysis resolved; 2 months later, 
HEV became undetectable. No relapse was noted during 
subsequent follow-up (the last PCR performed in August 
2017 was negative).

Because of the high rate of severe acute hepatitis E 
reported in pregnant women in developing countries, we 
monitored the patient for negative outcomes during ges-
tation but found none. This finding is consistent with the 
small number of reported HEV infections during pregnan-
cy in industrialized countries (2–5), despite high seropreva-
lence in the general population (8,9).

Innate immunity has been suggested as essential for 
severe outcomes of acute HEV infection during pregnancy 
(10). In our study, HEV infection had moved toward chron-
ic infection before pregnancy, which may have reduced 
the role of innate immunity. T-cell responses are decreased 
in immunosuppressed patients and in pregnant women,  
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Figure. Time courses of HEV 
viral load (A) and infliximab and 
azathioprine treatment (B) in 
pregnant woman with chronic 
hepatitis E who was undergoing 
immunosuppressive treatment 
for ulcerative colitis. HEV RNA 
levels, IgM and IgG positivity, 
and serum ALT levels are shown. 
Serum ALT is expressed as a 
multiple of ULN. Arrows indicate 
suspected and confirmed 
infection and delivery dates. 
Infliximab treatment occurred 
every 8 weeks. ALT, alanine 
aminotransferase; HEV,  
hepatitis E virus; ULN, upper 
limit of normal. 



particularly when term approaches. The imbalance in T-cell 
immunity (Th1/Th2) has been proposed to be implicated 
in the progression of chronic HEV infection in immuno-
compromised pigs (7). This imbalance may explain the ab-
sence of cytolysis during pregnancy and the increased viral 
load observed despite discontinuation of infliximab. Con-
versely, after delivery, restoration of cellular immunity is 
commonly observed (11) and may have contributed to effi-
cient clearance of the virus by hepatic cytolysis along with 
the reduced immunosuppression resulting from infliximab 
discontinuation. Despite reintroduction of infliximab when 
HEV RNA was still detectable, we observed spontaneous 
resolution of chronic hepatitis E, although immunosuppres-
sive treatment at that time was identical to that previously 
implicated in the chronicity of infection.

The risk for HEV vertical transmission seems depen-
dent on viral load (12). In a model of HEV infection in 
pregnant rabbits, Xia et al. reported severe outcomes and 
a high level of transmission to offspring (13). In the case 
we report, despite high viral loads in the mother’s plasma 
throughout pregnancy, we found no HEV RNA in the new-
born’s plasma. Of note, although mothers in the rabbit 
model were negative for HEV IgG throughout pregnancy, 
in the case we report, the mother was IgG positive before 
pregnancy, which may have helped protect the fetus from 
infection, although this protective role is inconsistent in 
previous reports of HEV genotype 3 (HEV3) infection of 
humans (2–4). Furthermore, despite a high sequence simi-
larity to HEV3, rabbit HEV cross-species infections are re-
stricted to nonhuman primates, and pathogenesis may dif-
fer from that of HEV3. In conclusion, our results and those 
reported by Mallet et al. (5) indicate that chronic HEV3 in-
fection in pregnant women might resolve after pregnancy.
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After high mortality rates among commercial poultry were 
reported in Egypt in 2017, we genetically characterized 4 
distinct influenza A(H5N8) viruses isolated from poultry. 
Full-genome analysis indicated separate introductions of 
H5N8 clade 2.3.4.4 reassortants from Europe and Asia into 
Egypt, which poses a serious threat for poultry and humans.

In Egypt, highly pathogenic avian influenza A(H5N1) 
clade 2.2.1 virus was introduced to poultry via migratory 

birds in late 2005 (1) and is now endemic among poultry in 
Egypt (2). Also in Egypt, the number of H5N1 infections in 
humans is the highest in the world, and low pathogenicity 
influenza A(H9N2) virus is widespread among poultry and 
has infected humans (2). Despite extensive vaccination, 
H5N1 and H9N2 viruses are co-circulating and frequently 
reported (2). In 2014, highly pathogenic avian influenza 
A(H5N8) virus clade 2.3.4.4 was isolated, mostly from wild 
birds, in several Eurasian countries and was transmitted  

to North America. However, in 2016 and 2017, an unprec-
edented epidemic was reported in Asia, Africa, and Europe 
(3). In Egypt, during November 30–December 8, 2016, a 
total of 3 H5N8 viruses were isolated from common coot 
(Fulica atra) (4) and green-winged teal (Anas carolinensis) 
(5). To provide data on the spread of the virus in poultry, we 
genetically characterized 4 distinct H5N8 viruses isolated 
from commercial poultry in Egypt in 2017.

During February–May 2017, a high mortality rate was 
observed for 48 poultry flocks in the Nile Delta, Egypt. Up 
to 20 tracheal and cloacal swab samples were collected 
from each flock for initial diagnosis by reverse transcrip-
tion PCR and virus isolation at the Faculty of Veterinary 
Medicine, Damanhour University (Damanhour, Egypt). 
Results were positive for H5N8 virus in samples for 4 flocks 
not vaccinated for H5 in 3 governorates (Figure). Sudden 
deaths also occurred in 3 broiler chicken flocks (Ck12, 
Ck15, Ck21) and 1 duck flock (Dk18); mortality rates were 
29%–52% (online Technical Appendix 1 Table 1, https://
wwwnc.cdc.gov/EID/article/24/5/17-1935-Techapp1.pdf). 
No epidemiologic links between farms were observed. 

Positive samples were spotted onto FTA cards (6) 
and submitted to Friedrich-Loeffler-Institut (Insel Riems-
Greifswald, Germany), where H5N8 virus was confirmed 
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Figure. Characterization of highly pathogenic avian influenza A(H5N8) viruses of clade 2.3.4.4 from Egypt, 2017. A) Phylogenetic 
relatedness of the HA gene and schematic representation of potential precursors of different H5N8 viruses. The maximum-likelihood 
midpoint rooted tree was constructed by using MrBayes (http://mrbayes.sourceforge.net/). Gray indicates viruses from this study. 
Scale bar indicates nucleotide substitutions per site. B) Putative ancestors of the different gene segments of H5N8 viruses from Egypt 
characterized in this study compared with reference viruses. C) Governorates in Egypt where H5N8 viruses had been reported in 
domestic birds (circles) and where viruses in birds had been previously reported (stars). Inset shows study location in Egypt. Ck, chicken 
farm; Dk, duck farm; HA, hemagglutinin; M, matrix; NA, neuraminidase; NP, nucleocapsid protein; NS, nonstructural; PA, polymerase 
acidic; PB, polymerase basic. 



by reverse transcription PCR and full-genome sequences 
(7) from 4 viruses (GISAID [https://www.gisaid.org/] ac-
cession nos. EPI1104268–EPI1104299) (online Technical 
Appendix 2, https://wwwnc.cdc.gov/EID/article/24/5/17-
1935-Techapp2.pdf). We retrieved sequences with high 
similarity and all H5N8 virus sequences from GISAID and 
GenBank and aligned them by Multiple Alignment using 
Fast Fourier Transform (https://mafft.cbrc.jp/alignment/
server/index.html). The most highly related viruses are 
summarized in online Technical Appendix 1 Table 2. We 
calculated sequence identity matrices in Geneious (https://
www.geneious.com/) (online Technical Appendix 1 Fig-
ure 1) and studied phylogenetic relatedness to H5N8 virus 
isolated in Eurasia and in Egypt by using IQtree (http://
www.iqtree.org/). Representative viruses were selected for 
generation of maximum-likelihood midpoint rooted trees 
by MrBayes (http://mrbayes.sourceforge.net/) using a best-
fit model (GTR+G) (8) and were further edited by using 
FigTree (http://tree.bio.ed.ac.uk/software/figtree/) and Ink-
scape (https://inkscape.org/en/). 

The hemagglutinin (HA) and neuraminidase (NA) 
genes of the 4 viruses shared 95.8%–99.2% nt and 93.1%–
99.4% aa identity and shared 96.5%–99.2% nt and 94.2%–
99.7% aa identity with viruses from wild birds in Egypt 
(4,5). Other segments showed 92.6%–99.6% nt and 96%–
99.7% aa identity, where the polymerase acidic (PA) genes 
and proteins of viruses from Dk18 showed the lowest simi-
larity to those of other viruses (online Technical Appendix 
1 Figure 1). 

All viruses possess the polybasic HA cleavage site 
PLREKRRKR/G and contain mammal-adaptation and 
virulence markers (9) in polymerase basic (PB) 2 (T63I, 
L89V, G309D, T339K, Q368R, H447Q, R477G), PB1 
(A3V, L13P, K328N, S375N, H436Y, M677T), PA 
(A515T), HA (T156A, A263T; H5 numbering), matrix (M) 
1 (N30D, T215A), and nonstructural (NS) 1 (P42S, T127N, 
V149A) proteins. Therefore, protection of humans and risk 
assessment of bird-to-human transmission is crucial. The 
NS1 protein from viruses from Ck15 and Ck18 is 217 aa 
long because of truncation in the C-terminus, whereas NS1 
of the other H5N8 viruses from Egypt are 230 aa long. 
BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) analysis 
indicated that these 4 viruses differ from viruses isolated 
from birds in live bird markets in Egypt in 2016 (4,5). Gene 
segments were closely related to viruses isolated from wild 
birds, poultry, and zoo birds in Europe (including Belgium, 
Czech Republic, the Netherlands, Poland, Hungary), Rus-
sia, and Asia (including Bangladesh, China, India) (Figure; 
online Technical Appendix 1 Figures 2, 3). 

HA of the 4 H5N8 viruses in this study clustered in 1 
distinct branch (Figure), and NA clustered in 2 phylogroups 
(online Technical Appendix 1 Figure 2). The PB2, nucleo-
protein, M, and NS genes of viruses from Ck12 and Ck21 

(from chickens in the same governorate, February and 
May 2017) clustered together, and the same genes from vi-
ruses from Dk18 and Ck15 (from ducks and chickens in 2 
governorates) clustered in 2 distinct phylogenetic groups. 
However, viruses from Ck12 and Ck15 have similar but not 
identical PA gene segments (online Technical Appendix 1 
Figure 3). 

These data suggest 4 different introductions of H5N8 
virus into poultry in Egypt, independent of viruses isolated 
from captive birds (4,5). Multiple separate introductions of 
H5N8 virus into Europe also occurred (10). Further studies 
are needed to identify the source(s) of introduction. The 
separate introductions of different reassortants of H5N8 
clade 2.3.4.4 virus from Europe and Asia into Egypt indi-
cate a serious threat for poultry and human health.
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In most locations except for Russia, tick-borne encepha-
litis is mainly caused by the European virus subtype. In 
2015, fatal infections caused by European and Siberian 
tick-borne encephalitis virus subtypes in the same Ixo-
des ricinus tick focus in Finland raised concern over fur-
ther spread of the Siberian subtype among widespread  
tick species.

The causative agent of tick-borne encephalitis (TBE), 
tick-borne encephalitis virus (TBEV), is endemic 

throughout Europe and Asia; ≈10,000 cases are reported 
annually (1). TBEV is an enveloped, positive-sense RNA 
virus in the family Flaviviridae, genus Flavivirus (2). The 
westernmost range of the Siberian subtype (TBEV-Sib) 
extends to Finland and the Baltics, where the European 
subtype (TBEV-Eur) also circulates. TBEV-Eur is the only 
subtype found in the rest of Europe (3). 

In TBEV-infected patients, neurologic signs appear 
as the virus passes to the central nervous system; infection 
is manifested as meningitis, encephalitis, or meningoen-
cephalitis. During 2010–2016, a total of 20 cases of TBE 
were reported from Kotka archipelago, Finland, a previous 
TBEV-Sib focus (4). We report 2 fatal TBEV infections ac-
quired 1 month apart in patients on Kuutsalo Island, Kotka 
archipelago, in 2015.

Patient 1 was a previously healthy 36-year-old wom-
an who had visited Kuutsalo 10 days before fever onset. 
A week later, she experienced sudden-onset headache, left 
arm numbness, and impaired vision. Head computed to-
mography results were unremarkable. Two days later, she 
experienced disorientation and right hemiparesis and was 
taken to a tertiary care center. Cerebrospinal fluid (CSF) 
test results showed pleocytosis. Magnetic resonance im-
ages indicated pathologically increased signal in cortical 
sulcus regions (Figure, panel A). Despite receipt of acy-
clovir, doxycycline, and ceftriaxone, her condition deterio-
rated rapidly. Head computed tomography showed cerebel-
lar herniation; the patient had dilated pupils and no pain 
reaction. CSF and serum were positive for TBEV IgM but 
negative for TBEV RNA; hemagglutination inhibition re-
sults showed a low titer (20) of TBEV-specific antibodies 
in serum. The patient died 2 weeks after fever onset.

Gross postmortem examination showed widespread and 
severe signs of viral encephalitis: meningeal and perivascular 
inflammation, neuronophagy, microglial nodules, endothe-
lial damage, and severe brain edema. The inflammation was 
evident from the spinal cord to the cerebellum and cortex 
(Figure, panel B). TBEV (RNA) was detected in brain and 
spleen (online Technical Appendix Figure 1, panel A, https://
wwwnc.cdc.gov/EID/article/24/5/17-1986-Techapp1.pdf).

TBEV was isolated from the cerebellum in SK-N-SH 
neuroblastoma cells, and the whole genome for TBEV-Sib 
was obtained. A pool of TBEV-Sib–positive Ixodes ricinus 
ticks collected from the neighboring island in 2011 (4) was 
subjected to viral whole-genome sequencing. This virus 
and the virus from patient 1 had 3 nt differences resulting 
in 2 aa mutations, R868K (NS1) and V1452A (NS2B), and 
clustered together in the Baltic clade of TBEV-Sib (online 
Technical Appendix Figure 2).

Patient 2 was a 66-year-old man with hypertension, di-
abetes, and chronic lymphatic leukemia. He had frequently 
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been bitten by ticks while at his cottage on Kuutsalo Is-
land. Two weeks before hospitalization, he had persistent 
fever. By the time he was hospitalized, tetraparesis and uri-
nary retention had developed. Magnetic resonance images 
showed increased signal in cerebellar vermis, facial nerves, 
cortical sulci, and radicular regions (Figure, panel C). CSF 
analysis showed pleocytosis. Serum and CSF were nega-
tive for TBEV IgM and RNA. The patient’s condition de-
teriorated rapidly; tetraplegia developed, and he lost con-
sciousness despite treatment with acyclovir, doxycycline, 
ceftriaxone, plasmapheresis, and immunoglobulin. One 
week after hospitalization, his CSF was positive for TBEV 
IgM but his CSF, serum, and urine were RNA negative. 
Hypogammaglobulinemia was observed. The patient died 
4 weeks after hospitalization.

Postmortem examination showed signs of severe 
coronary disease, cardiac hypertrophy, atherosclerosis in 
the aorta, and bronchopneumonia. Examination for neu-
ropathology showed abundant perivascular lymphocytosis 
continuing to brain parenchyma causing glial reactivity and 
neuronophagy, altogether demonstrating viral encephalitis 
prominent in the spinal cord, brain stem, basal ganglia, and 
cerebellum (Figure, panel D). The brain was positive for 
TBEV RNA (online Technical Appendix Figure 1, panel 
B). A complete genome for TBEV-Eur was sequenced from 
the cerebellum (online Technical Appendix Figure 2). 

In September 2017, a total of 80 ticks were collected 
from Kuutsalo Island. One, collected at the cottage of pa-
tient 2, was positive for TBEV RNA. The virus was iso-
lated in SK-N-SH cells, and a TBEV-Eur genome was se-
quenced. This virus and the virus from patient 2 had 6 nt 
differences, resulting in 1 aa difference (F2995Y).

For both patients, progression of TBE was rapid and 
aggressive; neither patient had been vaccinated. Patient 1, 
who was young and previously healthy and who was in-
fected with TBEV-Sib, died of brain herniation. Patient 2, 
who had predisposing conditions, was infected with TBEV-
Eur and died of tetraplegia and subsequent complications.

In Finland, TBEV-Eur has been found atypically in I. 
persulcatus ticks, and TBEV-Sib has been found in I. ricinus 
ticks (4,5). TBEV-infected I. ricinus ticks are typically found 
in Kotka archipelago. The detection of TBEV-Eur from pa-
tient 2 was unexpected in a known TBEV-Sib focus. The 
high sequence similarities between the viruses from patients 
and ticks confirm that the infections were acquired from 
Kotka archipelago. This finding suggests that TBEV-Eur 
and TBEV-Sib co-circulate in Kotka archipelago in I. ricinus 
ticks and raises concern for further spread of TBEV-Sib in 
this tick species, which is widespread in Europe. The coex-
istence of 2 virus subtypes and the potential emergence of 
more pathogenic variants requires further surveys of TBEV 
epidemiology and consideration of vaccination guidelines.
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Figure. Pathologic and virologic 
findings for 2 patients with tick-
borne encephalitis, Finland, 
2015. A) Magnetic resonance 
images of 36-year-old woman 
(patient 1) with pathologically 
increased signal in cortical 
sulcus regions indicative of viral 
meningeal process (arrow). 
B) Hematoxylin and eosin 
staining of the frontal cortex of 
patient 1 showed inflammation 
throughout the central nervous 
system from the spinal cord 
to the cortex and cerebellum; 
original magnification ×100. 
C) Magnetic resonance image 
of 66-year-old man (patient 
2), showing increased signal 
in facial nerves, cortical sulci, 
radicular regions, and cerebellar 
vermis (arrow). D) Hematoxylin 
and eosin staining showed 
microscopically abundant 
perivascular lymphocytosis in 
the cerebellum of patient 2; 
original magnification ×100. 
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We analyzed blood samples from infants born with micro-
cephaly and their mothers in Guinea-Bissau in 2016 for 
pathogens associated with birth defects. No Zika virus RNA 
was detected, but Zika virus IgG was highly prevalent. We 
recommend implementing pathogen screening of infants 
with congenital defects in Guinea-Bissau.

In 2016, the health authorities in Guinea-Bissau reported 
4 cases of Zika virus infection and 5 cases of microceph-

aly (1) to the World Health Organization. The Zika virus 
strain detected in Guinea-Bissau was the African strain 
(1) originally detected in Africa in 1947 and in Portuguese 
Guinea (now Guinea-Bissau) during 1964–1965 (2). As of 
March 2018, the Asian strain, which has spread throughout 
the Americas and Cape Verde (2) and is linked to micro-
cephaly and other congenital abnormalities, has not been 
reported in Guinea-Bissau (3), and the African Zika virus 
strain has not been linked with microcephaly.

We report an in-depth investigation of pathogens com-
monly associated with birth defects in 15 infants born with 
microcephaly in Guinea-Bissau in 2016. Field epidemi-
ologists identified cases of microcephaly through reports 
from health center personnel across the country and sur-
veillance at Hospital Nacional Simão Mendes in Bissau, 
Guinea-Bissau (which has 6,000 births/y). Most cases were 
found in the northern and eastern regions (Gabú, Bafatá, 
and Oio) of Guinea-Bissau (online Technical Appendix 
Tables 1, 2, https://wwwnc.cdc.gov/EID/article/24/5/18-
0153-Techapp1.pdf). Blood samples were collected from 
the mothers (median age 22 years, range 15–31 years) and 
infants (median age 5 months, range 1 day–9 months) and 
sent to Statens Serum Institut (Copenhagen, Denmark) for 
analysis. Three infants died before sampling, and 1 sample 
was lost during transport; hence, we analyzed blood sam-
ples from 11 of the 15 infants with microcephaly. For com-
parison, we also analyzed blood samples from 10 mothers 
(from Tantam Cossé, Bafatá region) of infants born without 
microcephaly (M.W. Rosenstierne, unpub. data). We as-
sayed for Zika virus and TORCH pathogens (Toxoplasma 
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gondii, other [Treponema pallidum, varicella-zoster virus, 
parvovirus B19], rubella virus, cytomegalovirus [CMV], 
and herpes simplex virus) (online Technical Appendix 
Tables 1, 2) because these pathogens are most commonly 
associated with congenital anomalies (4,5).

Zika virus IgG immunofluorescence assay and Zika 
virus neutralization test (6,7) results revealed that 14 (93%) 
of the 15 mothers of infants with microcephaly had Zika 
virus neutralizing antibodies (NAbs) (online Technical 
Appendix Tables 1, 2) versus 5 (50%) of the 10 mothers 
of healthy infants (data not shown). We tested blood sam-
ples from the 11 infants with microcephaly for Zika virus 
NAbs, and all were positive (presumably maternal antibod-
ies) (online Technical Appendix Tables 1, 2). We did not 
perform this assay with samples from the healthy infants. 
No samples were positive for Zika virus RNA or IgM or 
had cross-neutralizing antibodies to dengue virus. Thus, the 
Zika virus seroprevalence among Guinea-Bissau women 
was surprisingly high and significantly higher in the moth-
ers of infants with birth defects (p = 0.02 by Fisher exact 
test). However, timing of the Zika virus infection and strain 
could not be determined.

Because of sample volume limitations, we tested only 
10 of 15 mothers for TORCH antibodies and all 11 infants 
with birth defects and available blood samples for TORCH 
pathogen nucleic acids (online Technical Appendix Tables 
1, 2). Four infant blood samples were positive for CMV 
DNA and IgG but only 2 were positive for CMV IgM (on-
line Technical Appendix Tables 1, 2). Two of these infants’ 
mothers were CMV IgG positive (the other 2 were not test-
ed), and 1 mother tested positive for CMV IgM. Because 
sampling of infants was mainly performed 5 months post-
partum rather than during the first 2–3 weeks postpartum 
(5,8), determining whether the CMV infections were con-
genital or acquired perinatally or postnatally (e.g., through 
breast milk) was not possible.

The mother whose infant died 5 days after birth was 
positive for Toxoplasma IgG (online Technical Appendix 
Tables 1, 2). However, samples from this child were not 
collected for analysis, so we could not determine whether 
the infant died of severe congenital toxoplasmosis. As 
expected, almost all mothers were positive for antibodies 
against parvovirus (70%), varicella-zoster virus (90%), 
rubella virus (90%), CMV (90%), and herpes simplex vi-
rus (100%).

Although we found a high prevalence of Zika virus 
NAbs and TORCH antibodies in mothers and infants, the 
late sampling of infants and lack of Zika virus RNA–posi-
tive samples precludes determination of the cause of micro-
cephaly in these infants. On the basis of our findings, we 
propose implementing prospective surveillance in Guinea-
Bissau for infants with easily identifiable congenital abnor-
malities, such as microcephaly (i.e., head circumference 

2 standard deviations below average for age and sex) (9), 
microphthalmia, and hearing loss, and screening these in-
fants for Zika virus and TORCH by using blood, saliva, 
and urine samples collected immediately or within the first 
2–3 weeks after birth. The low prevalence (0.6%) of micro-
cephaly reported in 2015 (10) makes this suggestion feasi-
ble in resource-poor countries. If the Asian Zika virus strain 
is detected in Guinea-Bissau, screening of pregnant women 
during their first trimester should also be implemented. 
However, the 2-step surveillance and screening model can 
be applied in countries without reported detection of the 
Asian Zika virus strain.

Acknowledgments
We thank Geraldo Chambé, Alfredo Biague, Polunte Marinela 
Vieira, Agostinho Betunde, Rosa Caetano, Winsan Nandingna, 
Lucely Cordeiro, Mancel Martinez, Potica Ca, and Sabado  
Fernandes for their help with this study.

K.K.A. is supported by ZikaPLAN through the European 
Union’s Horizon 2020 Research and Innovation Programme 
(grant no. 734584).

About the Author
Dr. Rosenstierne is a senior scientist specializing in infectious 
disease and molecular diagnostics at Statens Serum Institute, 
Copenhagen, Denmark. Her research interests are emerging 
viruses, zoonosis, and diagnostics.

References
  1.	 Gulland A. Continued spread of Zika raises many research  

questions, WHO says. BMJ. 2016;354:i4812. http://dx.doi.org/ 
10.1136/bmj.i4812

  2.	 Musso D, Gubler DJ. Zika virus. Clin Microbiol Rev. 2016;29:487–
524. http://dx.doi.org/10.1128/CMR.00072-15

  3.	 Rasmussen SA, Jamieson DJ, Honein MA, Petersen LR. Zika virus 
and birth defects—reviewing the evidence for causality. N Engl J 
Med. 2016;374:1981–7. http://dx.doi.org/10.1056/NEJMsr1604338

  4.	 Coyne CB, Lazear HM. Zika virus—reigniting the TORCH. Nat 
Rev Microbiol. 2016;14:707–15. http://dx.doi.org/10.1038/ 
nrmicro.2016.125

  5.	 Devakumar D, Bamford A, Ferreira MU, Broad J, Rosch RE, 
Groce N, et al. Infectious causes of microcephaly: epidemiology, 
pathogenesis, diagnosis, and management. Lancet Infect Dis. 
2018;18:e1–13. http://dx.doi.org/10.1016/S1473-3099(17)30398-5

  6.	 De Smet B, Van den Bossche D, van de Werve C, Mairesse J, 
Schmidt-Chanasit J, Michiels J, et al. Confirmed Zika virus 
infection in a Belgian traveler returning from Guatemala, and the 
diagnostic challenges of imported cases into Europe. J Clin Virol. 
2016;80:8–11. http://dx.doi.org/10.1016/j.jcv.2016.04.009

  7.	 Van Esbroeck M, Meersman K, Michiels J, Ariën KK,  
Van den Bossche D. Letter to the editor: specificity of Zika virus 
ELISA: interference with malaria. Euro Surveill. 2016;21:30237. 
http://dx.doi.org/10.2807/1560-7917.ES.2016.21.21.30237

  8.	 Centers for Disease Control and Prevention. Identifying congenital 
cytomegalovirus (CMV) early in life: information for healthcare 
provider [cited 2018 Jan 30]. https://www.cdc.gov/cmv/downloads/
identifying-cmv.pdf

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 5, May 2018	 949

RESEARCH LETTERS



  9.	 World Health Organization. Screening, assessment and  
management of neonates and infants with complications associated 
with Zika virus exposure in utero. 2016 Aug 30 [cited 2018 Jan 30]. 
http://apps.who.int/iris/bitstream/10665/204475/1/WHO_ 
ZIKV_MOC_16.3_eng.pdf?ua=1

10.	 Betunde AG. Casos de microcefalia en Guinea Bissau, 2015–2016. 
2016 [cited 2018 Jan 30]. http://vigisalud.gov.py/muestras/ 

VIImuestra/Presentaciones_orales/dia1_LUNES_12-12-2016/
PO_tarde_12_12_16/PO11.pdf

Address for correspondence: Maiken Worsøe Rosenstierne, Statens 
Serum Institut, Department of Microbiological Diagnostics and Virology, 
Artillerivej 5 Copenhagen S 2300, Denmark; email: mwr@ssi.dk

950	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 5, May 2018

RESEARCH LETTERS

Heterogeneous and Dynamic 
Prevalence of Asymptomatic 
Influenza Virus Infections

Nancy H.L. Leung, Benjamin J. Cowling
Author affiliation: The University of Hong Kong, Hong Kong, China

DOI: https://doi.org/10.3201/eid2405.160782

To the Editor: We read with interest the article by 
Furuya-Kanamori et al. on the proportion of influenza vi-
rus infections that are asymptomatic or subclinical (1), and 
we are troubled by a series of fundamental flaws and er-
rors. We were concerned that the authors presented pooled 
estimates of the asymptomatic fraction, given the massive 
heterogeneity in estimates (Ι2 values of 97%–98% in Table 
1). It is not considered good practice to present pooled es-
timates in instances of massive heterogeneity (2). We were 
very surprised that the authors included volunteer challenge 
studies because it is well known that the severity of these 
infections can be modulated by the route of administration 
and possibly the infectious dose. We also were surprised 
that human infections with avian influenza viruses were in-
cluded because the epidemiology of these infections differs 
markedly from that of human influenza viruses. These stud-
ies were mistakenly labeled as studies of pandemic influen-
za in online Technical Appendix 1 Table 1 (https://wwwnc.
cdc.gov/EID/article/22/6/15-1080-Techapp1.pdf). When 
reviewing serologic studies, the authors did not define a 
specific antibody titer threshold but relied on the choices 
made in individual studies; studies that inferred influenza 
virus infections based on low postepidemic hemagglutina-
tion-inhibition titers, such as 10 or 20, may lack specificity 
because some persons could have preexisting antibodies 
(3). Measurement error can also be a concern. The authors 
probably should have excluded such studies.

In another systematic review of the asymptomatic frac-
tion of influenza virus infections (4), we found that study de-
signs could explain a great deal of heterogeneity in the asymp-
tomatic fraction in studies such as outbreak investigations  

that used molecular testing to confirm influenza virus infec-
tions rather than serologic studies that used antibody titer 
measurements to indicate infections. Asymptomatic frac-
tions were higher in general, and much more heterogeneous, 
in studies that followed the latter approach.
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In Response: We thank Leung and Cowling (1) for 
taking time to comment on our article (2). One problem 
with the random effects model is the rapid decline in per-
formance of the model as the heterogeneity within stud-
ies increases. Extensive heterogeneity for asymptomatic 
(Ι2 = 97%; Τ2 = 0.31) and subclinical (Ι2 = 97%; Τ2 = 0.45) 
infection was identified. However, the model selected 
to pool the prevalence estimates—inverse variance 
heterogeneity—maintains its coverage at the nominal level, 
even when large heterogeneity is present (3).

Regarding inclusion criteria, we elected to review all 
publications detailing asymptomatic influenza prevalence in 
humans, as is made clear from the original article’s title on-
ward. This method included experimental studies, as well as 
newly emerging zoonotic strains. We note further that the 2 
experimental studies in our review had subclinical influenza 
infection levels within the range identified in the pooled es-
timate of the metaanalysis (43.4%, 95% CI 25.4%–61.8%). 
Also, because antibody titers can vary drastically with tech-
nique used and between laboratories, we used the antibody 
titer threshold defined by each individual study.

The results/conclusions from the study published 
by Leung et al. (4) cannot be compared with those re-
ported in our meta-analysis (2) for 2 important reasons. 
First, the case definition for asymptomatic was different; 
Leung et al. grouped patients without signs and symp-
toms (asymptomatic in our metaanalysis) with patients 
that did not fulfill the criteria of influenza-like illness 
(subclinical in our meta-analysis). We explained in our 
article why pooling asymptomatic and subclinical cases 
is inappropriate and likely to provide spurious results. 
As an example of how the case definition can affect the 
results, Pascalis et al. found that in the same group of 
patients, 30.6% had subclinical infection (not fulfilling 
criteria for influenza-like illness) but only 1.6% had no 
symptoms at all (5). Second, the number of studies in-
cluded in the 2 meta-analyses was different: our compre-
hensive review comprised 55 studies, whereas Leung et 
al. included a subset of only 30 studies pertaining spe-
cifically to seasonal influenza. The different studies in-
cluded and different meta-analytical methods unsurpris-
ingly yielded different outcomes.
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To the Editor: The article by Virk et al. (1) highlighted 
that a person can acquire Mycobacterium lepromatosis infec-
tion without exposure to a person infected with leprosy or to 
known vectors during short stays (2 trips of 7 days each over 
3 calendar years) in Mexico. The authors then concluded that 
M. lepromatosis lepromatous leprosy is a travel-related haz-
ard for travelers to Mexico or other disease-endemic areas. 
We note that the exact source of acquiring the M. lepromato-
sis infection by the patient in this study was entirely uncer-
tain, and experimental evidence was not enough to prove M. 
lepromatosis to be a travel-related hazard.

In contrast, Jessamine et al. (2) reported M. lepromato-
sis infection and leprosy-like illness in a patient in Canada 
who had no history of contact or travel to leprosy-endemic 
areas. Jessamine et al. indicated that transmission dynamics 
of M. lepromatosis infection is complex, and undiscovered 
mechanisms or unknown reservoir interactions may exist 
in such areas of nonendemic regions. Previous studies have 
also reported the roles of subclinical cases and environmen-
tal reservoirs in the transmission of leprosy (3,4). However, 
Virk et al. have not disentangled other possible sources 
(existence of unrecognized subclinical cases, contact with 
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hidden leprosy cases, and environmental reservoir) of pro-
longed exposure of M. lepromatosis to the study patient in 
his vicinity. Thus, the assertion of Virk et al. (1) that United 
States citizens can acquire M. lepromatosis when traveling 
to Mexico or other leprosy-endemic areas as tourists is mis-
leading and demands extensive research to prove it.

In addition, it is intriguing to note that host genetic 
determinants can influence the acquisition and onset of 
leprosy (5). Therefore, the inference of a single case study 
cannot be generalized for all citizens of the United States. 
The data from these reports suggest that the epidemiologic 
studies of leprosy in nonendemic areas should consider 
travel history to delineate this issue.
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To the Editor: Drancourt and Raoult (1) have empha-
sized the risk of overestimation of pneumonic plague con-
tagion by respiratory droplets and hypothesize that only 
transmission of Yersinia pestis by ectoparasites, such as lice 
and fleas, by close contact with infected humans can sustain 
outbreaks and epidemics. The outbreak of pneumonic plague 
in Madagascar in 2017 (2) reminds us that plague remains a 
potential serious threat in locations that are relatively inac-
cessible or have limited capacity for a robust public health 
response. Records describe substantial outbreaks of pneu-
monic plague (3) but portray a more dangerous disease than 
that described by Drancort and Raoult. High rates of trans-
mission are possible (4) when pneumonic plague is spread-
ing through social networks, in a way similar to that observed 
in West Africa during the recent epidemic of Ebola virus dis-
ease (5). The Ebola virus is not thought to be easily transmit-
ted but is clearly capable of generating a sustained epidemic.

The role of ectoparasites in the transmission of Y. pes-
tis should not be dismissed. However, until a substantial 
epidemic has been documented with this proven etiology, 
this explanation of plagues, both historical and modern, 
must remain in the realm of conjecture.

References
  1.	 Drancourt M, Raoult D. Investigation of pneumonic plague,  

Madagascar. Emerg Infect Dis. 2018;24:183. http://dx.doi.org/ 
10.3201/eid2401.170760

  2.	 World Health Organization. Plague outbreak Madagascar.  
External situation report 11. 2017 Nov 17 [cited 2018 Mar 6]. 
http://apps.who.int/iris/bitstream/10665/259479/1/ 
Ex-PlagueMadagascar17112017.pdf

  3.	 Teh WL. The second pneumonic plague epidemic in Manchuria,  
1920–21: I. A general survey of the outbreak and its course. 
J Hyg (Lond). 1923;21:262–88. http://dx.doi.org/10.1017/
S0022172400031508

  4.	 Evans CM, Egan JR, Hall I. Pneumonic plague in Johannesburg, 
South Africa, 1904. Emerg Infect Dis. 2018;24:95–102.  
http://dx.doi.org/10.3201/eid2401.161817

  5.	 Faye O, Boëlle PY, Heleze E, Faye O, Loucoubar C,  
Magassouba N, et al. Chains of transmission and control of Ebola 
virus disease in Conakry, Guinea, in 2014: an observational study. 
Lancet Infect Dis. 2015;15:320–6. http://dx.doi.org/10.1016/
S1473-3099(14)71075-8

Address for correspondence: Charles Morris Evans, University of 
Birmingham, School of History and Cultures, Birmingham B15 2TT, 
UK; email: c.m.evans@bham.ac.uk

952	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 5, May 2018

LETTERS



Potentially Same Novel  
Ehrlichia Species in Horses in 
Nicaragua and Brazil

Thállitha S.W.J. Vieira, Barbara A. Qurollo,  
Anna C.B. Mongruel, Rafael A. Baggio,  
Odilon Vidotto, Edward B. Breitschwerdt,  
Rafael F.C. Vieira
Author affiliations: Universidade Federal do Paraná, Curitiba, 
Brazil (T.S.W.J. Vieira, A.C.B. Mongruel, R.A. Baggio,  
R.F.C. Vieira); North Carolina State University, Raleigh, North 
Carolina, USA (B.A. Qurollo, E.B. Breitschwerdt); Universidade 
Estadual de Londrina, Londrina, Brazil (O. Vidotto)

DOI: https://doi.org/10.3201/eid2405.172076

To the Editor: In our previously published report, we 
found that blood samples from 4 naturally infected horses 
in Nicaragua were PCR positive for the 16S rDNA, sodB, 
and groEL genes of an Ehrlichia species (1). Similarly, Vie-
ira and colleagues reported a potentially novel Ehrlichia sp. 
infecting horses in South America, with a high seropreva-
lence in carthorses; 1 horse blood sample was PCR positive 
for Ehrlichia 16S rDNA and dsb genes (2). Because these 
2 studies sequenced different 16S rDNA regions, the Eh-
rlichia sp. found in Nicaragua could not be established as 
the same one infecting horses in Brazil.

We retrieved an Ehrlichia PCR-positive horse blood 
sample (2) from Brazil and performed partial PCR and 
sequencing of the 16S rDNA, sodb, and groEL genes (1). 
Phylogenetic analysis of the sequences (3–5) demonstrated 
a close relationship between the Ehrlichia spp. found in 
Brazil and Nicaragua, with posterior probability values of 
100% for all 3 gene fragments (online Technical Appen-
dix Figure 1, https://wwwnc.cdc.gov/EID/article/24/5/17-
2076-Techapp1.pdf). The 16S rDNA were 100% identical 
(181 bp/181 bp; GenBank accession no. KJ434178), sodb 
99% identical (561 bp/567 bp; GenBank accession nos. 
MG385129, KJ434180), and groEL 99% identical (579 
bp/584 bp; GenBank accession nos. MG385128, KJ434179). 
When we compared translated amino acid sequences of the 
Ehrlichia spp. from Brazil and Nicaragua, we observed 
high percent age identities with the groEL (100%) and sodB 
(97.8%) alignments (online Technical Appendix Figure 2). 
Furthermore, when compared with E. ruminantium, the most 
closely related Ehrlichia sp. on the basis of phylogenetic 
analyses, percent age identities from the groEL (94.8%) and 
sodB (78.8%) alignments were lower for both Ehrlichia spp.

These findings suggest that the novel Ehrlichia spp. 
found infecting horses in Nicaragua and Brazil are po-
tentially the same species. Future studies are needed to  
determine cell culture practices, characterize potential  

clinical signs of infection, and establish the main vector of 
this novel equine Ehrlichia species.
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To the Editor: We read with interest the research  
letter from Chang et al. (1). To have such severe clinical 
disease attributed to Burkholderia thailandensis infection 
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published in peer-reviewed literature is of major signifi-
cance to the research community, especially given the bios-
ecurity aspects regarding melioidosis. We are writing, how-
ever, because we have serious doubts about the identity of 
the organism described.

The clinical features of the case are typical of septice-
mic melioidosis with pulmonary involvement. The pictures 
of the colonies in the technical appendix look very similar 
to B. pseudomallei, with which we have extensive experi-
ence in both Australia and Southeast Asia over the past 30 
years. This identification was the most likely suggested by 
the phenotypic tests used. Furthermore, the virulence of the 
strain in mice bore more resemblance to that of B. pseu-
domallei than B. thailandensis, and the strain contained 
putative virulence determinants not normally found in B. 
thailandensis. Species identification thus appears to rest on 
arabinose assimilation and 16S rDNA sequence. Assimi-
lation tests are notoriously difficult to read, and without 
knowledge of the 16S rDNA primers or sequence region of 

comparison, it is plausible that a lack of resolution between 
B. pseudomallei and B. thailandensis has led to incorrect 
species attribution.

We therefore believe that there is insufficient evi-
dence to prove that this case was caused by B. thailand-
ensis and that the presented data suggest that this isolate 
was, in fact, B. pseudomallei. We are always happy to 
advise colleagues about the investigation and manage-
ment of possible cases of melioidosis, but in these cir-
cumstances, we felt that it was necessary to place our 
concerns on record.
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The Power of Plagues,  
Second Edition
Irwin W. Sherman; ASM Press, Washington, DC,  
USA, 2017; ISBN-13: 9781683670001; Pages: 494; 
Price: $30.89

A usual dictionary definition of 
plague (a highly infectious, 

usually fatal epidemic disease; a 
pestilence; https://www.thefreedic-
tionary.com) differs from that used 
by Irwin W. Sherman in his book 
The Power of Plagues. To accom-
plish his purpose in writing this 
book (“to make the science of epi-
demic diseases—plagues—accessi-
ble and understandable”), Sherman 
borrows his definition from historian Asa Briggs: “Plagues 
are a dramatic unfolding of events; they are stories of dis-
covery, reaction, conflict and resilience of local and admin-
istrative structures.”

This book is a history of humanity as influenced and 
shaped by plagues of known and unknown etiology. One 
of its strengths is also one of its weaknesses. To trace our 
journey from 4 million years ago to the present, weav-
ing in plagues, people, microorganisms, and advances in 
technology, is no small feat. However, for the most part, 
Sherman accomplishes this goal in what is a very readable 
book that should appeal to a wide variety of audiences. 
Indeed, it should be read by every student of medicine and 
the health professions.

Did you know that Pharaoh’s plague and snail fever 
are the same disease, or that war fever and jail fever are 
also caused by the same microorganism? Can you name 
10 famous people who had syphilis or 20 famous people 
who died of tuberculosis? Did you know that heroin at 
one time was a treatment for the very troublesome cough 

of tuberculosis? Along with the answers to these ques-
tions, in this book you will find how plagues shaped his-
tory from ancient times to Napoleon’s invasion of Russia 
to the very modern plagues of HIV/AIDS, influenza, and 
Lyme disease.

The art or photographic reproductions, usually placed 
at the beginning of a chapter, are a most powerful method 
of connecting the reader to what life was like at a given 
time in history. For example, look at Figure 6.1, Eugen Le 
Roux’s engraving of Napoleon’s troops in Vilna after the 
Russian Campaign in 1812, or Figure 5.1, a photograph of 
Lorraine, age 11, who has AIDS, being comforted by her 
grandmother.

Errors in the first edition, noted by Rigau-Perez (1), 
have been corrected. The placement of AIDS in Chapter 
5 (A 21st Century Plague, AIDS), immediately after the 
chapter on the Black Death, is out of order chronologically 
and disrupts the history timeline. Chapters 10 (Preventing 
Plagues: Immunization) and 11 (The Plague Protectors: 
Antisepsis to Antibiotics) could easily be deleted in favor 
of more detail or artwork. However, these criticisms are 
minor. The major strength of this book is that it is a very 
readable history of humanity as shaped by plagues, making 
it attractive to a wide audience.

Thomas J. Marrie
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Tuberculosis (TB) is the lead-
ing infectious disease cause of 

death worldwide, yet many persons 
in industrialized countries think TB 
is mainly a historical curiosity or 
a rare disease only affecting a few 
uniquely vulnerable persons. This 
paradox is the inspiration for Kath-
ryn Lougheed’s book, Catching 
Breath: The Making and Unmaking 
of Tuberculosis. After spending a 
decade at the bench exploring the mycobacterium as a mi-
crobiologist, the author embraced broader historical ques-
tions and embarked on a personal pilgrimage, as if learning 
about the disease for the first time. The result is, in her own 
words, a “whistle-stop tour through the past few million 
years to pick apart what has made TB ‘TB’.”

Why is Mycobacterium tuberculosis still a dominant 
pathogen? Lougheed attempted to answer this question 
by exploring the ancient origins of mycobacterial infec-
tions and the expanding deadly toll of tuberculosis as hu-
man settlements grew many centuries ago. The scientific 
biography delves into the discovery of the microorgan-
ism at the end of the 19th century, the development of 
antimicrobial drugs active against the organism in the 
20th century, and novel molecular techniques to detect 
TB genetic material and immunologic assays that have 
brought ever more sophisticated response to the disease. 
Yet Lougheed highlights that little dent has been made in 
TB’s enduring impact.

Whereas the book is most detailed in describing work 
closest to her own, the narrative extends beyond the labora-
tory to provoke new ways of thinking about the science of 
TB and assert the relevance of the humanistic and socio-
economic sides of TB. Lougheed does not shy away from 
the broader themes of economic inequality, political will, 
stigma, and interdisciplinary teamwork that affect each 
individual treatment and have driven and will continue to 
drive the epidemic’s long-term trajectory. Dr. Lougheed 
has marshaled an admirable sweep of complex data into 
a coherent and quickly moving narrative, peppering per-
sonal anecdotes throughout and bringing scenes to life. The 
language feels fresh, conversational, and opinionated, yet 
the explanations are grounded in sound research and are 
particularly detailed in areas related to microbiology. Her 
findings are often entertaining, startling, and moving.

The broad approach to such a complex topic might 
leave the reader wanting more clarity or depth in certain 
areas; however, the narrative is balanced by the enjoyment 
one gains from her storytelling with equal parts science, 
humor, history, microbiology, and real world contextualiza-
tion. Readers, whether knowledgeable about tuberculosis 
or encountering it for the first time, will likely find that the 
story and the clearly posed questions deepen their inter-
est and understanding and quicken their steps in pursuit of 
further answers.
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During the Edo period (1603–1868) in Japan, a time 
when Tokugawa Ieyasu and his descendants ruled, 

economic growth gave rise to a more literate, sophisticated, 
and affluent culture, hungry for the trappings of luxury, in-
cluding extravagant art. This cultural shift was described 
by the phrase ukiyo, or “floating world,” which was asso-
ciated with the pursuit of pleasure and hedonism in urban 
areas. The art of the Edo period, dominated by painting and 
woodblock prints, came to be known as “pictures of the 
floating world” or ukiyo-e.

As an artist who successfully fused motifs and ideas 
from Japanese and Western art, Kobayashi Kiyochika occu-
pies a unique niche among Japanese illustrators of the Edo 
period. Japanese art historian, dealer, and collector Rich-
ard Lane considers Kiyochika to be both the last important 
ukiyo-e artist and the first exponent of the modern Japanese 
woodcut. Kato Yosuke, curator of Nerima Art Museum, 
Tokyo, explains that “Kiyochika is often referred to as the 
last ukiyo-e artist” because he stuck to colored woodblock 
prints and “kept pinning his hope on their potential until the 
end, despite the diversification and development of printing 
techniques in modern times.”

Kiyochika’s ukiyo-e color woodblock prints, as well 
as his newspaper illustrations and wartime propaganda art, 
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Kobayashi Kiyochika (1847–1915), Mosquito Net and Full Moon at Shinagawa, 1884 (detail), from the series One Hundred Views  
of Musashi. Woodblock print; ink and color on paper 14 5/8 in x 9 13/16 in/ 37.2 cm x 24.9 cm). Freer Gallery of Art and Arthur M. Sackler 
Gallery, Smithsonian Institution, Washington, DC, United States, Robert O. Muller Collection, S2003.8.1217.
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document the rapid modernization that occurred during the 
reign of Emperor Meiji (1867–1912). As Japan transitioned 
from being an isolated shogunate state to becoming an im-
perial world power, it experienced an industrial revolution 
and opened its ports and cities to other countries. Yosuke 
wrote that Kiyochika “must have had the pride of a defeat-
ed person because he was a vassal of the shōgun born in 
Edo (present-day Tokyo).”

Miriam Wattles, professor of art at the University of 
California Santa Barbara, who specializes in Japanese vi-
sual art, sees distinctive influences from both Western and 
Japanese cultures in Kiyochika’s prints. Wattles states that 
his series of One Hundred Views of Musashi, which in-
cludes this month’s cover image, Mosquito Net and Full 
Moon at Shinagawa, “appropriates perspective, format, 
and style from Katsushika Hokusai, the most prolific and 
recognized Japanese artist of the late Edo period.” Wattles 
and others suggest that English painter Charles Wirgman, 
who in 1861 went to Japan on assignment as the visual re-
porter for London Illustrated News, influenced and may 
have briefly instructed the print maker.

This print displays the artist’s mastery of kōsen-ga, or 
“pictures of sunbeams,” a technique that portrays the inter-
play of light and shadows. Mosquito Net and Full Moon at 
Shinagawa harbor appears a deviously simple subject, but 
Kiyochika’s composition, rendered in a photographic per-
spective, is brimming with details and contrasts that invite 
close scrutiny and calmness.

The edge of the draped mosquito net bisects a full moon; 
its mesh diffuses the moonlight and slices the moon into a yin 
and yang of darkness and light. The shimmering moonlight 
reflects on the surface of the water, and the artist contrasts not 
only the interplay of light and dark, but offers two views: one 
unobstructed, one through the netting. While several smaller 
boats drift near the horizon, Kiyochika placed a solitary sail-
boat near the center of the print, passing across the view and 
visible through the netting. Carefully etched vertical lines 
define the bamboo structure and contrast with the horizontal 
rippling shadows and reflections of the water’s surface. A jut-
ting tree limb reaches over the water, yet no land is visible. 
There is a tactile texture, too. It’s easy to imagine the tautness 
of a paper lantern, the washboard surface of a bamboo wall, 
or the feel of a gauzy mesh mosquito net.

Although mosquito nets were introduced to Japan 
from China as early as 720, during the Edo period, silken 
nets were desired as luxury items and were widely used 

well into the 20th century, until glass windows and doors, 
air conditioning, and pesticides became commonplace. 
Mosquito control with long-lasting insecticidal nets con-
tinues to offer simple, inexpensive, but not infallible pro-
tection to people in many parts of the world. However, a 
confluence of demographic, environmental, and societal 
factors are enabling mosquitos and other vectors that 
spread disease-causing pathogens to expand their territo-
ries. Developing diverse integrated, innovative approaches 
to use alongside those measures that remain effective and 
to replace those that are no longer effective at controlling 
the spread of vectorborne diseases remains a critical public 
health imperative.
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You must be a registered user on http://www.medscape.org. If you are not registered on http://www.medscape.org, 
please click on the “Register” link on the right hand side of the website. 
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net. For technical assistance, contact CME@medscape.net. American Medical Association’s Physician’s Recognition Award 
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please go to https://www.ama-assn.org. 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 AMA PRA CME credit certificate, and present it to your national 
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Article Title
Surveillance for Mosquitoborne Transmission of  

Zika Virus, New York City, NY, USA, 2016

CME Questions
1. You are advising a public health department 
regarding the potential for locally acquired, mosquito-
borne Zika virus infections. Based on the New York 
City Department of Health and Mental Hygiene 
(NYC DOHMH) surveillance study by Wahnich and 
colleagues, which one of the following statements 
about surveillance findings in New York City from June 
to October 2016 is correct? 
A. 	 Of 15 suspected cases reported and tested by urine 

reverse transcription PCR, 12 were negative
B. 	 There were 308 emergency department (ED) visits for 

Zika-like illness, 40,073 visits for fever, and 17 unique 
spatiotemporal clusters of ED visits for fever

C. 	 Sentinel surveillance suggested local mosquitoborne 
Zika virus transmission

D. 	 Enhanced passive surveillance suggested local 
mosquitoborne Zika virus transmission

2. According to the NYC DOHMH surveillance study by 
Wahnich and colleagues, which one of the following 
statements about possible surveillance tools for 
jurisdictions concerned about the possibility of 
local mosquitoborne Zika virus or other arboviral 
transmission is correct?

A. 	 76% of sentinel sites reported suspected cases, which 
suggests a high level of engagement at most sites 

B. 	 All hospitals had completely transitioned to HL7 
international reporting standards, facilitating syndromic 
surveillance

C. 	 Future sentinel surveillance programs are unlikely to 
benefit from an evaluation component

D. 	 Enhanced passive surveillance was an efficient, 
manageable tool to monitor for locally transmitted 
mosquitoborne Zika virus

3. On the basis of the NYC DOHMH surveillance 
study by Wahnich and colleagues, which one of 
the following statements about other clinical and 
public health implications of this surveillance study 
regarding mosquito-borne Zika virus infection would 
be correct? 
A. 	 For sentinel surveillance, the use of urine for Zika 

virus testing is not recommended
B. 	 Median time between specimen collection and result 

availability was 72 hours, suggesting undesirable 
delays

C. 	 Continued collaboration between DOHMH and EDs to 
improve travel data will facilitate surveillance for Zika 
virus and for other travel-associated diseases

D. 	 Fever syndrome alone proved to be the best choice 
for case detection
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Article Title
Two Cases of Israeli Spotted Fever with Purpura Fulminans,  

Sharon District, Israel, 2016–2017

CME Questions
1. Which of the following subspecies of Rickettsia 
conorii is associated with the highest case fatality rate 
among humans?
A.	 R. conorii subsp. conorii
B.	 R. conorii subsp. caspia
C.	 R. conorii subsp. indica
D.	 R. conorii subsp. israelensis

2. Which of the following symptoms or complications 
is most likely to be part of the presentation of Israel 
spotted fever (ISF)?
A.	 Maculopapular rash involving the palms and soles
B.	 Endocarditis
C.	 Endophthalmitis
D.	 Purpura fulminans

3. Which of the following history or signs was most 
common among the 5 cases of ISF presented in the 
current study?
A.	 Known exposure to ticks
B.	 Transaminitis
C.	 A single eschar
D.	 Diarrhea

4. Which of the following tests was most helpful in the 
early identification of rickettsial disease in the current 
case series?
A.	 Serum immunoglobulin M for spotted fever group 

rickettsia
B.	 Serum immunoglobulin G for spotted fever group 

rickettsia
C.	 The presence of leukocytosis
D.	 Skin biopsy polymerase chain reaction tests
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our readers. Announcements may be posted online only, depending on the event date. 
Email to eideditor@cdc.gov. 
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