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Mosquitoes run 
the way far ahead  of 

humans



ジカウイルスはどのように 
世界で広がったのか

First human ZIKA cases in Brazil: 2015 
First ZIKV detected from mosquitoes in Brazil ：March-Nov 2013



Countries and territories where chikungunya cases have been reported* 
(as of October 20, 2015)  

 

*Does not include countries or territories where only imported cases have been documented. This map is updated weekly if 
there are new countries or territories that report local chikungunya virus transmission. 
 
Data table: Countries and territories where chikungunya cases have been reported 
AFRICA ASIA AMERICAS  
Benin Bangladesh Anguilla Panama 
Burundi Bhutan Antigua and Barbuda Paraguay 
Cameroon Cambodia Aruba Peru 
Central African Republic China Bahamas Puerto Rico 
Comoros India Barbados Saint Barthelemy 
Dem. Republic of the Congo Indonesia Belize Saint Kitts and Nevis 
Equatorial Guinea Laos Bolivia Saint Lucia 
Gabon Malaysia  Brazil 

 
Saint Martin 

Guinea Maldives British Virgin Islands Saint Vincent & the Grenadines 
Kenya Myanmar (Burma) Cayman Islands Sint Maarten 
Madagascar Pakistan Colombia Suriname 
Malawi Philippines Costa Rica Trinidad and Tobago 
Mauritius Saudi Arabia Curacao Turks and Caicos Islands 
Mayotte Singapore Dominica United States 
Nigeria Sri Lanka Dominican Republic US Virgin Islands 
Republic of Congo Taiwan Ecuador Venezuela 
Reunion  Thailand El Salvador  
Senegal Timor French Guiana OCEANIA/PACIFIC ISLANDS 
Seychelles Vietnam Grenada American Samoa 
Sierra Leone Yemen Guadeloupe Cook Islands 
South Africa  Guatemala Federal States of Micronesia 
Sudan EUROPE Guyana French Polynesia 
Tanzania France Haiti Kiribati 
Uganda Italy Honduras New Caledonia 
Zimbabwe  Jamaica Papua New Guinea 
  Martinique 

 
Samoa 

  Mexico Tokelau 
  Montserrat Tonga 
  Nicaragua  
    

 

http://www.cdc.gov/chikungunya/pdfs/chikungunyaworldmap_10-20-2015.pdf

Endemic area of Chikungunya fever
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Rapid communications
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In September 2013, dengue virus (DENV) infection was 
diagnosed in a German traveller returning from Japan. 
DENV-specific IgM and IgG and DENV NS1 antigen were 
detected in the patient’s blood, as were DENV serotype 
2-specific antibodies. Public health authorities should 
be aware that autochthonous transmission of this 
emerging virus may occur in Japan. Our findings also 
highlight the importance of taking a full travel history, 
even from travellers not returning from tropical coun-
tries, to assess potential infection risks of patients.

Here we report the clinical and laboratory findings of a 
dengue virus (DENV) infection acquired in Japan in late 
summer 2013 and imported into Germany. 

Case description
A previously healthy woman in her early 50s sought 
treatment in a hospital in Berlin, Germany, in 
September 2013 after returning from travel to Honshu 
Island, Japan. For the previous six days, she had been 
suffering from fever (up to 40 °C) and nausea, followed 
by a maculopapular rash. Laboratory tests on the day 
of admission showed elevated levels of glutamate-
oxalate transaminase (GOT) (96 units (U)/L; norm:  <35 
U/L), glutamate pyruvate transaminase (GPT) (52 U/L; 
norm: <35 U/L), creatine kinase (CK) (553 U/L; norm: 
<170 U/L) and lactate dehydrogenase (LDH) (299 U/L; 
norm: <250 U/L). Leukopenia (white blood cell count: 
3.2 G/L; norm: 4.4–11.3 G/L) was present, which inten-
sified the following day (3.1 G/L). In addition, throm-
bocytopenia, with a platelet count of 87 G/L (norm: 
177–393 G/L) was present, which intensified the fol-
lowing day as well (79 G/L). 

Nine days before admission, she had returned from a 
two-week trip to Japan, during which she visited Ueda, 
Fuefuki, Hiroshima, Kyoto and Tokyo in August. She 
reported several mosquito bites while grape picking in 
Fuefuki. She flew nonstop from Frankfurt International 

Airport to Tokyo Narita International Airport and came 
back the same way. The patient was vaccinated against 
yellow fever in 2009, because she had travelled to 
Kenya that year. In the beginning of 2012, she travelled 
to Singapore. Among several other diseases, dengue 
fever was suspected, because of the clinical picture. 

The first serum sample, collected seven days after 
symptom onset, gave a positive result in DENV IgM 
and IgG antibody tests (in-house indirect immunoflu-
orescence assay (IIFA), according to [1-3]), as well as 
for DENV nonstructural protein-1 (NS1) antigen tested 
by ELISA (Bio-Rad Platelia Dengue NS1 Ag) and a rapid 
test (SD BIOLINE Dengue Duo NS1 Ag + Ab Combo), 
demonstrating an acute DENV infection (Table). Real-
time RT-PCR for DENV RNA [4] and generic flavivirus 
RT-PCR [5] were negative. 

The thrombocytopenia resolved without complications 
and after one week in hospital, the patient was dis-
charged with a characterisation of restitutio ad inte-
grum (restoration to original condition). A follow-up 
serum sample was collected in December 2013, 110 
days after symptom onset, because this acute case of 
dengue fever imported from Japan was considered very 
unusual. This second serum sample revealed a signifi-
cant decrease in DENV IgG titre in the IIFA and negative 
results for DENV NS1 antigen (ELISA and rapid test) and 
DENV IgM (IIFA and rapid test) (Table). In order to iden-
tify the causative DENV serotype, an immune complex 
binding ELISA [6] was performed on the second serum 
sample, demonstrating the presence of DENV serotype 
2-specific antibodies (Table) and the absence of DENV 
serotype 1-, 3- and 4-specific antibodies, thus exclud-
ing a secondary DENV infection.

Background
DENV is an arthropod-borne RNA virus of the Flaviviridae 
family causing dengue fever in humans. Aedes aegypti 

1 year before the autochthonous outbreak in Japan
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C o r r e s p o n d e n c e

Autochthonous Japanese Encephalitis with Yellow Fever 
Coinfection in Africa

To the Editor: Japanese encephalitis virus and 
yellow fever virus are mosquito-borne flaviviruses 
that circulate in disjunct geographic areas with 
different mosquito vectors. Japanese encephalitis 
is endemic to most of Asia and the Western 
Pacific, whereas yellow fever occurs in tropical 
areas of Africa and South America. Both viruses 
lead to a wide spectrum of disease severities that 
include asymptomatic infection and mild illness 
with influenza-like symptoms. However, severe 
yellow fever disease can be fatal in 20 to 60% of 
cases,1 whereas symptomatic Japanese encephali-
tis virus can progress to severe encephalitis, with 
case fatality rates of up to 30%. Survivors often 
have long-term neuropsychological sequelae.2

In March 2016, during the yellow fever out-
break in Angola, a 19-year-old man was admitted 
to the Cunene Provincial Hospital with a 5-day 
history of fever, headache, and jaundice. The 
patient, who survived, worked in the capital city 
of Luanda at the onset of disease and had not 
traveled abroad. A blood sample was obtained, 
and a test for yellow fever virus was positive. The 
sample was later processed for high-throughput 
RNA sequencing. Because the protocol followed 
made use of randomly primed cDNA synthesis, it 
provided a comprehensive and quantitative view of 
all RNA present in the sample, thus enabling the 
characterization of potential coinfecting viruses.3

Surprisingly, de novo assembly of the sample 
reads revealed a Japanese encephalitis virus ge-
nome (GenBank accession number, KX945367) in 
addition to the expected yellow fever virus ge-
nome (GenBank accession number, KX982182). 
Phylogenetic analysis revealed that this Japanese 
encephalitis virus variant belongs to genotype III, 
clustering closely with variants sampled in Asia 
(Fig. 1A, and the Supplementary Appendix, avail-

able with the full text of this letter at NEJM.org). 
The yellow fever virus sequence was closely re-
lated to both a sequence from the 1971 yellow 
fever virus outbreak in Angola and the recently 
reported yellow fever virus sequence detected in 
a sample from a Chinese traveler returning from 
Angola4 (Fig. 1B).

The likelihood of sample contamination is 
small, since neither the Institut Pasteur of Dakar, 
Senegal, where the RNA extracted from the sam-
ples in Angola was delivered, nor the laboratory 
at the Institut Pasteur, Paris, where the libraries 
were constructed and sequenced, has ever had 
any material containing Japanese encephalitis 
virus. In addition, none of the 15 additional 
RNA samples from patients with yellow fever 
virus who were treated at the same time pro-
vided sequence reads that corresponded to Japa-
nese encephalitis virus. Leftover sera from the 
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Angola samples were later extracted at Institut 
Pasteur of Dakar, and only sample C17 was 
positive for Japanese encephalitis virus RT-qPCR.

We found evidence of locally acquired infec-
tion with Japanese encephalitis virus in Africa in 

addition to coinfection with yellow fever virus, 
which raises the issue of the risk of circulation 
of the Japanese encephalitis virus and human 
infection in Africa. Since both the vectors and 
suitable hosts (e.g., pigs) for Japanese encephali-

Figure 1. Phylogenetic Trees of Representative Full-Length Genomic Sequences for Japanese Encephalitis Virus  
and Yellow Fever Virus.

Viruses are identified by GenBank accession number. Also included are the names of the countries in which the 
sample was obtained, the isolation date, and the viral genotype. The newly sequenced isolates are in bold, italic 
type. All horizontal branch lengths are scaled to the number of nucleotide substitutions per site, and the trees were 
rooted at the midpoint for the sake of clarity. Bootstrap values are shown for key nodes. Maximum-likelihood trees 
were estimated with the use of IQ-TREE (version 1.4.2).
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Background of increasing 
mosquito-borne diseases
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year—primarily in developing countries.42 Enormous progress in 
measles immunization through supplemental immunization activities 
and increasing routine coverage, particularly in Africa, has led to a 74% 
reduction in worldwide measles deaths.43 Despite this progress, the 
weak underlying immunization systems, famine, limited access associ-
ated with political disruption, and delayed emergency campaigns 
explain resurgences of measles in the Horn of Africa and southern 
Africa.44 Low first-dose measles coverage and long intervals between 
campaigns offering second-dose opportunities allow rapid accumula-
tion of children susceptible to measles and can lead to large outbreaks. 
Poor vaccine acceptance in selected communities, ranging from the 
Roma communities45 to anthroposophists in Switzerland has led to 
sizable outbreaks in Europe as well.46

TABLE 14-3 Examples of Infectious Agents That 
Cause or Contribute to Chronic Diseases

PATHOGEN
CHRONIC CONDITION CAUSED/
EXACERBATED BY THIS PATHOGEN

Bacteria
Borrelia burgdorferi Chronic arthritis

Helicobacter pylori Chronic gastritis and peptic ulcers

Gastric carcinoma

Mucosa-associated lymphoid tissue lymphoma

Viruses
Epstein-Barr virus Nasopharyngeal carcinoma (undifferentiated)

Burkitt’s lymphoma

Post-transplant lymphoproliferative disease

B-cell lymphoma

Hepatitis B and C viruses Cirrhosis

Hepatocellular carcinoma

Human herpesvirus 8 Kaposi sarcoma

Human immunodeficiency 
virus

Lymphoma

HIV-related neurocognitive disorders and 
peripheral neuropathy

Human papillomavirus Cervical carcinoma

Anogenital and oropharyngeal cancers

Human T-lymphotropic 
virus type 1 (HTLV-1)

Adult T-cell leukemia/lymphoma

Parasites
Liver flukes Cholangiocarcinoma

Schistosoma haematobium Bladder cancer

Prions
Variant Creutzfeldt-Jakob 

disease prion
Degenerative brain disorder

TABLE 14-4 Examples of Genetic Factors That 
Influence Susceptibility to Disease or Disease 
Progression
GENETIC FACTOR DISEASE INFLUENCE
Alleles of the chemokine receptor 

gene CCR5
Partial protection against acquisition of 

HIV and development of acquired 
immunodeficiency syndrome

Globin gene alleles (e.g., sickle 
globin and α- and β-thalassemias)

Partial protection against malaria

Lack of the Duffy blood group on 
red cells (due to a mutation in a 
chemokine receptor gene)

Complete protection against 
Plasmodium vivax malaria

Blood group O Increased susceptibility to severe cholera

HLA alleles May influence susceptibility to infection 
or course of disease with HIV, 
hepatitis B virus, measles, hantavirus 
pulmonary syndrome, malaria, 
tuberculosis, human papillomavirus 
infection, and coccidioidomycosis

HIV, human immunodeficiency virus; HLA, human leukocyte antigen.
Modified from Levitt AM, Khan AS, Hughes JM. Emerging and re-emerging 

pathogens and diseases. In: Cohen J, Powderly WG, Opal SM, eds. Infectious 
Diseases. 3rd ed. St. Louis: Mosby; 2010.

FIGURE 14-2 International tourist arrivals, actual trends and forecast, 1950-2030. (From World Tourism Organization [UNWTO]. UNWTO Tourism 
Highlights, 2012 edition. Madrid: UNWTO; 2012. Available at http://mkt.unwto.org/en/publication/unwto-tourism-highlights-2012-edition.)
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TABLE 14-5 Factors That Contribute to the 
Reemergence of Vaccine-Preventable Diseases
FACTOR SELECTED EXAMPLES REFERENCES
Failure to vaccinate by 

health care system
Missed opportunities related 

to clinician practice, 
financial, or system 
constraints

Weak or interrupted 
immunization services, as in 
humanitarian emergencies

29, 44

Failure to be vaccinated 
due to patient or 
parental refusal or 
deferral

Personal belief and religious 
exemptions

Vaccine hesitancy

32, 33

Vaccine failure, 
including moderate or 
low vaccine efficacy 
and waning of 
immunity over time

Mumps vaccine efficacy in 
the setting of high force of 
infection

Waning of immunity after 
acellular pertussis 
vaccination

34, 35

Pathogen “escape” 
from vaccine-induced 
immunity

Serotype replacement 
including capsular 
switching in Streptococcus 
pneumoniae

31

Mandell 8th. 14. Emerging and Reemerging Infectious Disease Threats
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Globalization of Japan

日本旅行業協会HPより

In 2015…
16 Millions from Japan to abroad.
20 Millions from foreign countries to Japan. 



WARMING



http://www.climatecentral.org/news/what-warming-means-summers-pests-19295
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3. デング熱媒介蚊について 

デング熱は、主にネッタイシマカとヒトスジシマカによって媒介される。ネッタイシマカ

は、かつては沖縄や小笠原諸島に生息し、熊本県牛深町では1944～1947年に一

時的に生息したことが記録されている。戦後のデング熱の国内流行にネッタイシマカ

が関与した可能性が示唆されたが、1955年以降は国内での採集記録がない。現在、

国内には生息していないと考えられているが、近年、国際空港のターミナルビル周辺

や貨物便の機内で発見される事例が相次いでいる。  

一方、ヒトスジシマカは、日本の青森県以南の都市部

によく見られるヤブカで、背中（中胸背板）にある一本の

白い筋が大きな特徴である（図 1）。真夏の気温であれば、

産卵後数日から1週間で幼虫が出現し、その後10日ほどで成虫

になる。外気温にもよるが雌成虫の寿命は30～40日である。    図 1   ヒトスジシマカの成虫                                       

デングウイルスは、雌蚊の吸血によって蚊の体内に取り込まれ、7日目には唾液腺

に移動し、次の吸血以降ヒトを感染させることが可能になる。国内にはヒトスジシマカ

以外にも数種類のヤブカが生息しており、実験的にデングウイルス感受性があると思

われるヤブカも存在する。しかし、それらの発生時期や場所、生息密度を考えると、

国内で防除対象と考えるべきデング熱媒介蚊はヒトスジシマカのみと言うことができる。

一方、国内の住宅地でヒトスジシマカと同程度に生息数の多いアカイエカは、ウエスト

ナイル熱の媒介蚊になると予想されるが、デング熱の媒介蚊ではない。両種の比較

を表に示す（表 1）。  

 

z 成虫の活動と国内分布  

ヒトスジシマカの活動は 5 月中旬～10

月下旬にみられ、冬季に成虫は存在しな

い。発生数は国内全域で非常に多 く、

2013 年時点で本州（青森県以南）から

四国、九州、沖縄まで広く分布しているこ

とが確認されている（図 2）。また、幼虫の

生息地は年平均気温が 11ºC 以上の地

域と一致しており、温暖化等の影響で分

布域が徐々に北上していることが示唆さ

れている。                   図 2   東北地方におけるヒトスジシマカの分布域  
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Kinds of Mosquitos Culex Aedes Anopheles

infectious diseases
Japanese Encephalitis

West Nile Fever

Dengue Fever

Chikungunya Fever

Zika Virus Infection
Yellow fever

Malaria

Filariasis

Kinds of mosquitos and 
infectious diseases

Jong Travel and Tropical Medicine Manual, 4th ed.を参考に作成



Aedes aegypti

IASR Vol.28 p 219-221

• Main vector for DENV, 
CHIKV, ZIKV

• Distributed in tropical 
and subtropic regions

• In Japan: not distributed



Aedes albopictus

• Second vector for DENV, 
CHIKV, ZIKV

• Distributed in Southeast Asia, 
East Asia

• Now distributed in American 
continent, and part of Europe.

ヒトスジシマカの生態と東北地方における分布域の拡大 (IASR Vol. 32 p. 167-168: 2011年6月号)

国立感染症研究所　デング熱国内感染事例発生時の対応・対策の手引き
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Dengue fever  
in Japan



Satoshi Kutsuna, Yasuyuki Kato,  
Meng Ling Moi, Akira Kotaki, Masayuki Ota,  

Koh Shinohara, Tetsuro Kobayashi,  
Kei Yamamoto, Yoshihiro Fujiya,  
Momoko Mawatari, Tastuya Sato,  

Junwa Kunimatsu, Nozomi Takeshita,  
Kayoko Hayakawa, Shuzo Kanagawa,  
Tomohiko Takasaki, Norio Ohmagari

After	70	years	with	no	confirmed	autochthonous	cases	of	
dengue	fever	in	Japan,	19	cases	were	reported	during	Au-
gust–September	 2014.	 Dengue	 virus	 serotype	 1	was	 de-
tected	in	18	patients.	Phylogenetic	analysis	of	the	envelope	
protein	genome	sequence	 from	3	patients	revealed	100%	
identity	with	the	strain	from	the	first	patient	(2014)	in	Japan.

Although ≈200 imported cases of dengue fever have re-
cently been reported in Japan (1), an autochthonous 

case had not been confirmed there for 70 years (2). How-
ever, on August 26, 2014, an autochthonous case of dengue 
fever in a patient with no history of overseas travel was 
reported in Tokyo, and as of October 31, 2014, a total of 
160 autochthonous cases in Japan had been confirmed (3).

The Cases
We report 19 cases of confirmed autochthonous dengue 
fever treated at the National Center for Global Health 
and Medicine in Tokyo, Japan, during August 26– 
September 22, 2014 (Tables 1, 2; online Technical Ap-
pendix Table, http://wwwnc.cdc.gov/EID/article/21/3/14-
1662-Techapp1.pdf). Because the National Center for 
Global Health and Medicine is located close to the epi-
center of this outbreak, 19 (12%) of the 160 cases of this 
outbreak were confirmed at this Center. Informed consent 
for participation in this study was obtained from all 19 pa-
tients. Of these 19 patients, the median age was 33.0 years 
(range 6–64 years), and 10 (55.6%) were men. None of the 
patients had any underlying illness except for hyperten-
sion (2 patients) and asthma (1 patient). One patient had a  

history of having contracted dengue fever while in the Phil-
ippines in 2006. None of the patients had traveled overseas 
during the 3 months before the outbreak of dengue virus 
type 1 (DENV-1) in Japan. 

Places of exposures were assessed for all patients; 15 
patients had recently visited Yoyogi Park and were bitten 
by mosquitoes while there; the remaining 4 patients had 
visited Shinjuku Central Park, Meiji Jingu Shrine, Meiji-
ingu Gaien, and Ueno Park. All of these parks have been 
reported as affected regions in this outbreak (3) (Figure 1). 
The day of exposure was estimated for 9 patients for whom 
the day of visitation and mosquito bites while in the parks 
could be confirmed. Among these 9 patients, the median 
incubation period was 6 (range 3–9) days. For the other 10 
patients, the incubation period was not determined because 
they had visited the parks over several days or because they 
lived near these parks. The dates of symptom onset ranged 
from August 12, 2014, through September 22, 2014; peak 
incidence occurred in the beginning of September. 

Of the 19 patients, 16 were admitted to the National 
Center for Global Health and Medicine and discharged 
without sequelae; the other 3 received outpatient treatment 
and recovered. The patient with a history of dengue fever 
(patient 19 in the online Technical Appendix Table) ex-
perienced fever lasting 7 days, pleural effusion, spontane-
ous petechiae, and thrombocytopenia (15 × 103 cells/μL on 
day 8 after illness onset); dengue hemorrhagic fever was 
diagnosed for this patient by using the World Health Orga-
nization guidelines (4). On the day of illness onset for this 
patient, serum was positive for DENV nonstructural pro-
tein 1 (NS1) antigen and IgG but negative for DENV IgM. 
These results demonstrated that this DENV infection was 
secondary. Epidemiologic studies have also shown that the 
risk for dengue hemorrhagic fever is significantly higher 
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Table 1.	Clinical	characteristics	of	19	patients	with	dengue	fever,	
Tokyo,	Japan,	August	26,	2014–September	22,	2014 
Sign	or	symptom Patients,	no.	(%) 
Fever* 19	(100) 
Headache 17	(89.5) 
Arthralgia 7	(36.8) 
Myalgia 7	(36.8) 
Nausea 5	(26.3) 
Vomiting 2	(10.5) 
Diarrhea 1	(5.3) 
Rash	at	first	visit 4	(21.1) 
Rash	during	course	of	illness 15	(78.9) 
Sore	throat 2	(10.5) 
Cough 4	(21.1) 
Sputum 1	(5.3) 
*Median	duration	of	fever	>38°C	=	7	(range	4–11)	days. 

 

DISPATCHES

for patients with secondary rather than primary DENV in-
fection (5).

Of the 19 cases, 18 were confirmed as DENV-1 infec-
tion by real-time PCR (TaqMan; Life Technologies, Grand 
Island, NY, USA) (6), and samples  were positive for NS1 
antigen (Platelia Dengue NS1 Antigen assay; Bio-Rad 
Laboratories, Marnes-la-Coquette, France). The remain-
ing case (case 11) was confirmed positive for IgM and IgG 
against DENV by dengue IgM ELISA (Focus Diagnostics, 
Inc., Cypress, CA, USA) and dengue IgG ELISA (Vircell, 
Granada, Spain), respectively. The serotype of the DENV 
in the other 18 patients was confirmed to be serotype 1. Nu-
cleotide sequences were determined by using BigDye Ter-
minator version 3.1 (Applied Biosystems, Foster City, CA, 
USA). Phylogenetic analysis of the DENV envelope (E) 
protein genome sequence obtained from serum from patient 
2 (GenBank accession no. LC006123) demonstrated that 
the E protein shared 100% homology with the sequence of 
a DENV-1 strain from the first patient in this outbreak in 
Japan (GenBank accession no. LC002828). The sequence 
from patient 2 shared 99.7% identity with the sequence of a 

DENV strain isolated in Guangzhou, China, in 2013 (Gen-
Bank accession no. KJ545459) and 99.3% identity with the 
sequence of a DENV strain isolated in Indonesia in 2010 
(GenBank accession no. JN415489) (Figure 2). The se-
quence of the E protein from another 2 patients (patients 4 
and 10) shared 100% homology with that of patient 2.

Conclusions
Our results suggest that a single strain may have caused 
most of the DENV cases in Tokyo. A similar outbreak of 
dengue fever had been reported in Ningbo, China (68 cas-
es) (7), and in Hawaii, USA (122 cases) (8). 

DENV is transmitted mainly through the bite of the 
Aedes aegypti mosquito, which is distributed in tropical 
and subtropical regions. In Japan, the distribution of Ae. 
aegypti mosquitoes is limited, and as of 2013, these mos-
quitoes had been found only at the Narita International 
Airport (9), which is located ≈60 km from the site of the 
DENV outbreak in Tokyo. In contrast, the distribution 
of Ae. Albopictus mosquitoes, another vector of DENV, 
extends from western regions to northern regions of  
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Table 2. Laboratory	findings	for	19	patients	with	dengue	fever,	Tokyo,	Japan,	August	26,	2014–September	22,	2014 
Laboratory	finding	at	first	visit	 Reference range Patient	median	(interquartile	range) 
Leukocytes,	cells/mm³	 3,500-8,500 2,600	(2,385–3,540) 
Hematocrit,	% M	40–50,	F	35–45 41.8	(38.5–42.9) 
Platelets,	×103/PL 150–350 115	(79–150) 
Aspartate	transaminase,		IU/L 13–33 35	(22–41) 
Alanine	transaminase,	IU/L 8–42 20	(14–26) 
Lactate	dehydrogenase,	IU/L 119–229 227	(166–261) 
C-reactive	protein,	mg/L 0–0.3 6.1	(2.2–16.1) 

 

Figure 1. 	Locations	of	
presumptive	exposure	to	
dengue	virus	mosquito	vectors	
for	19	patients,	Tokyo,	Japan,	
August	26–September	22,	2014.	
Numbers	in	circles	indicate	
numbers	of	cases	contracted	at	
each	location.

Autochthonous	Dengue	Fever,	Tokyo,	Japan,	2014

Japan, including Tokyo. Ae. albopictus mosquitoes are 
also expanding into the northern regions of the main is-
land because of global warming (10). Tokyo is one of the 
most heavily populated cities in the world, and Yoyogi 
Park is located at the center of the Shinjuku-Shibuya area  
in Tokyo.

The population density of Ae. albopictus mosquitoes 
in Tokyo is higher than that in suburban areas (11). It is 
possible that high human and mosquito population densi-
ties contributed to this outbreak. All 19 patients had been 
bitten by a mosquito while in Tokyo, mainly in Yoyogi 
Park, where most of the 160 patients with autochthonous 
dengue cases had also been (12). 

Recently, a case of dengue fever imported to England 
from Japan was found to be associated with this outbreak 
(13). Previous investigators speculated that the virus may 
have been spread from infected visitors by mosquitoes in 
the park (13). The outbreak, however, coincides with a 
period during which several tropical-themed festivals and 
activities were hosted, July–August 2014. These activities 
attracted a high number of local and international visitors 
to the park.

Before this 2014 outbreak, dengue fever was diag-
nosed for a German traveler who had returned from Japan 
in 2013 (14). Neutralization tests confirmed that the trav-
eler’s infection was caused by DENV-2. She was reported-
ly bitten by mosquitoes when in Fuefuki, but she had also 
traveled to Tokyo and Kyoto during her trip to Japan. No 
local DENV cases were reported in 2013, although cases 
may have been underreported because of the lack of local 
dengue outbreaks in Japan for the past 70 years. 

Because adult Ae. albopictus mosquitoes cannot sur-
vive the winter in Japan, only eggs overwinter (15). Thus, 
the outbreak of autochthonous dengue fever is expected to 
end as mosquito activity decreases during autumn. The Jap-
anese government is currently strengthening vector control 
measures and increasing awareness among residents to pre-
vent similar outbreaks.
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Figure 2. Phylogenetic	analysis	of	a	dengue	virus	(DENV)	
sequence	derived	from	a	patient	with	confirmed	autochthonous	
dengue	fever	(patient	2),	Tokyo,	Japan,	contracted	during	
August	26–September	22,	2014.	Phylogenetic	tree	is	based	
on	the	envelope	protein	genome	sequence	of	selected	dengue	
virus	type-1	(DENV-1)	strains.	DENV-2,	DENV-3,	and	DENV-4	
serotypes	were	used	as	outgroups.	Percentages	of	successful	
bootstrap	replication	are	indicated	at	the	nodes.	DENV-1	
genotypes	are	indicated	on	the	right.	The	DENV-1	National	
Institute	of	Infectious	Diseases	(NIID)	strain	14-106	(GenBank	
accession	no.	LC006123)	is	indicated	with	an	arrowhead.	Virus	
strains	are	indicated	by	GenBank	accession	number,	place,	
and	date	of	isolation.	Scale	bar	indicates	number	of	nucleotide	
substitutions	per	site.
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for patients with secondary rather than primary DENV in-
fection (5).

Of the 19 cases, 18 were confirmed as DENV-1 infec-
tion by real-time PCR (TaqMan; Life Technologies, Grand 
Island, NY, USA) (6), and samples  were positive for NS1 
antigen (Platelia Dengue NS1 Antigen assay; Bio-Rad 
Laboratories, Marnes-la-Coquette, France). The remain-
ing case (case 11) was confirmed positive for IgM and IgG 
against DENV by dengue IgM ELISA (Focus Diagnostics, 
Inc., Cypress, CA, USA) and dengue IgG ELISA (Vircell, 
Granada, Spain), respectively. The serotype of the DENV 
in the other 18 patients was confirmed to be serotype 1. Nu-
cleotide sequences were determined by using BigDye Ter-
minator version 3.1 (Applied Biosystems, Foster City, CA, 
USA). Phylogenetic analysis of the DENV envelope (E) 
protein genome sequence obtained from serum from patient 
2 (GenBank accession no. LC006123) demonstrated that 
the E protein shared 100% homology with the sequence of 
a DENV-1 strain from the first patient in this outbreak in 
Japan (GenBank accession no. LC002828). The sequence 
from patient 2 shared 99.7% identity with the sequence of a 

DENV strain isolated in Guangzhou, China, in 2013 (Gen-
Bank accession no. KJ545459) and 99.3% identity with the 
sequence of a DENV strain isolated in Indonesia in 2010 
(GenBank accession no. JN415489) (Figure 2). The se-
quence of the E protein from another 2 patients (patients 4 
and 10) shared 100% homology with that of patient 2.

Conclusions
Our results suggest that a single strain may have caused 
most of the DENV cases in Tokyo. A similar outbreak of 
dengue fever had been reported in Ningbo, China (68 cas-
es) (7), and in Hawaii, USA (122 cases) (8). 

DENV is transmitted mainly through the bite of the 
Aedes aegypti mosquito, which is distributed in tropical 
and subtropical regions. In Japan, the distribution of Ae. 
aegypti mosquitoes is limited, and as of 2013, these mos-
quitoes had been found only at the Narita International 
Airport (9), which is located ≈60 km from the site of the 
DENV outbreak in Tokyo. In contrast, the distribution 
of Ae. Albopictus mosquitoes, another vector of DENV, 
extends from western regions to northern regions of  

518	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	21,	No.	3,	March	2015

 
Table 2. Laboratory	findings	for	19	patients	with	dengue	fever,	Tokyo,	Japan,	August	26,	2014–September	22,	2014 
Laboratory	finding	at	first	visit	 Reference range Patient	median	(interquartile	range) 
Leukocytes,	cells/mm³	 3,500-8,500 2,600	(2,385–3,540) 
Hematocrit,	% M	40–50,	F	35–45 41.8	(38.5–42.9) 
Platelets,	×103/PL 150–350 115	(79–150) 
Aspartate	transaminase,		IU/L 13–33 35	(22–41) 
Alanine	transaminase,	IU/L 8–42 20	(14–26) 
Lactate	dehydrogenase,	IU/L 119–229 227	(166–261) 
C-reactive	protein,	mg/L 0–0.3 6.1	(2.2–16.1) 

 

Figure 1. 	Locations	of	
presumptive	exposure	to	
dengue	virus	mosquito	vectors	
for	19	patients,	Tokyo,	Japan,	
August	26–September	22,	2014.	
Numbers	in	circles	indicate	
numbers	of	cases	contracted	at	
each	location.



New Big Problem



http://style.nikkei.com/article/DGXMZO05498640R00C16A8000000

http://style.nikkei.com/article/DGXMZO05498640R00C16A8000000




1www.eurosurveillance.org

Rapid communications

Identification of dengue type 2 virus in febrile travellers 
returning from Burkina Faso to France, related to an 
ongoing outbreak, October to November 2016

C Eldin ¹ , P Gautret ¹ , A Nougairede ² , M Sentis ¹ , L Ninove ² , N Saidani ¹ , M Million ¹ , P Brouqui ¹ , R Charrel ² , P Parola ¹ 
1. URMITE, Aix Marseille Université (UM63, CNRS 7278, IRD 198, INSERM 1095, IHU - Méditerranée Infection), Marseille, France
2. UMR ‘Emergence des Pathologies Virales’ (EPV: Aix-Marseille Univ - IRD 190 - Inserm 1207 - EHESP), Marseille, France
Correspondence: Carole Eldin (carole.eldin@gmail.com)

Citation style for this article: 
Eldin C, Gautret P, Nougairede A, Sentis M, Ninove L, Saidani N, Million M, Brouqui P, Charrel R, Parola P. Identification of dengue type 2 virus in febrile travellers 
returning from Burkina Faso to France, related to an ongoing outbreak, October to November 2016. Euro Surveill. 2016;21(50):pii=30425. DOI: http://dx.doi.
org/10.2807/1560-7917.ES.2016.21.50.30425 

Article submitted on 03 December 2016 / accepted on 15 December 2016 / published on 15 December 2016

Dengue fever is rarely reported in travellers returning 
from Africa. We report two cases of dengue fever in 
travellers returning from Burkina Faso to France. One of 
them presented a severe dengue fever with ALT > 1,000 
IU/L and pericarditis. Serotype 2 was identified. The 
cases reflect a large ongoing outbreak with over 1,000 
reported cases between August and November in the 
capital city. Clinicians should consider dengue fever 
in malaria-negative febrile travellers returning from 
Africa.

Dengue fever in returning travellers to non-endemic 
areas has been mainly reported after visits to South-
east Asia, Central Asia, or South America [1]. In Africa, 
its epidemiology is poorly described even if the dis-
ease has long been known to exist [2]. We report two 
cases of dengue fever identified in travellers returning 
from Ouagadougou, Burkina Faso, to Marseille, France, 
in late autumn 2016, reflecting a large ongoing local 
outbreak.

Case descriptions
The first case was a woman in her mid-twenties, who 
travelled to Burkina Faso as a logistician for a medical 
non-governmental organisation (NGO). She spent 10 
days in Ouagadougou from 23 October to 3 November 
2016 and used atovaquone/proguanil for malaria 
prophylaxis. Three days after her arrival, she devel-
oped fever, headache, myalgia, nausea and diarrhoea. 
Two days after she came back to France, she presented 
at our centre with persisting diarrhoea on day 9 after 
symptom onset. At examination she had no fever, 
complained of weakness and had a painful abdomen. 
Dengue nonstructural protein 1 (NS1) antigen (Ag) and 
serology (IgM) was negative (SD BIOLINE Dengue Duo 
Combo Device, Standard Diagnostics Inc, Korea) and 
malaria rapid diagnostic tests (Palutop+4, All. Diag, 
France) were negative, as was serology with an in-
house MAC ELISA for IgM and in-house indirect ELISA 
for IgG [3]. A serum sample was positive for dengue 

viral RNA [4] and typed as dengue 2 viral RNA [5]. Blood 
and stool cultures, parasitological examination of 
stools and RealStar Chikungunya RT-PCR kit 1.1 (Altona 
Diagnostics, Germany) were negative. Convalescent 
serum was not collected because the patient did not 
attend the follow-up visit (Table).

The second case was a woman in her 50s who travelled 
from 12 October to 10 November 2016 to Ouagadougou, 
where she worked with the organisation of a theatre 
festival. One week after arrival, she presented fever 
up to 40.5 °C, arthralgia and diarrhoea. She presented 
at a local medical centre and was treated by quinine 
for malaria without blood tests performed. Fever and 
diarrhoea persisted and on day 3 of illness dark urine 
appeared. She thus consulted the International Medical 
Center in Ouagadougou where blood sample analysis 
revealed severely elevated liver transaminases (Table). 
Malaria was ruled out by microscopic blood smear 
examination and Dengue NS1 Ag testing was per-
formed and found positive. She came back to France 
and consulted a cardiologist because of chest pain. 
Chest computerised tomography (CT)-scan ruled out 
pulmonary embolism and pericarditis was diagnosed 
by echocardiography. She presented at our centre two 
weeks after resolution of symptoms because she had 
questions about the prevention of dengue fever.

Epidemiological situation in Burkina Faso and 
neighbouring countries 
The first dengue fever outbreak in Burkina Faso was 
reported in 1925 [2]. In 1982, a second outbreak 
was described between September and December, 
with 30 cases reported (mainly European expatriate 
patients), and two strains of dengue virus serotype 
2 were isolated for the first time in this country [6]. 
In 2013, another epidemic occurred between October 
and November, and serotype 3 was isolated [7]. On 18 
November 2016, the World Health Organization (WHO) 
reported 1,061 suspected cases of dengue fever in 
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Background
In light of the increasing rate of dengue infections throughout the world despite 
vector-control measures, several dengue vaccine candidates are in development.

Methods
In a phase 3 efficacy trial of a tetravalent dengue vaccine in five Latin American 
countries where dengue is endemic, we randomly assigned healthy children between 
the ages of 9 and 16 years in a 2:1 ratio to receive three injections of recombinant, 
live, attenuated, tetravalent dengue vaccine (CYD-TDV) or placebo at months 0, 6, and 
12 under blinded conditions. The children were then followed for 25 months. The 
primary outcome was vaccine efficacy against symptomatic, virologically confirmed 
dengue (VCD), regardless of disease severity or serotype, occurring more than 28 days 
after the third injection.

Results
A total of 20,869 healthy children received either vaccine or placebo. At baseline, 
79.4% of an immunogenicity subgroup of 1944 children had seropositive status for 
one or more dengue serotypes. In the per-protocol population, there were 176 VCD 
cases (with 11,793 person-years at risk) in the vaccine group and 221 VCD cases (with 
5809 person-years at risk) in the control group, for a vaccine efficacy of 60.8% (95% 
confidence interval [CI], 52.0 to 68.0). In the intention-to-treat population (those 
who received at least one injection), vaccine efficacy was 64.7% (95% CI, 58.7 to 69.8). 
Serotype-specific vaccine efficacy was 50.3% for serotype 1, 42.3% for serotype 2, 
74.0% for serotype 3, and 77.7% for serotype 4. Among the severe VCD cases, 1 of 
12 was in the vaccine group, for an intention-to-treat vaccine efficacy of 95.5%. 
Vaccine efficacy against hospitalization for dengue was 80.3%. The safety profile 
for the CYD-TDV vaccine was similar to that for placebo, with no marked difference 
in rates of adverse events.

Conclusions
The CYD-TDV dengue vaccine was efficacious against VCD and severe VCD and led to 
fewer hospitalizations for VCD in five Latin American countries where dengue is 
endemic. (Funded by Sanofi Pasteur; ClinicalTrials.gov number, NCT01374516.)
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Summary
Background An estimated 100 million people have symptomatic dengue infection every year. This is the fi rst report of 
a phase 3 vaccine effi  cacy trial of a candidate dengue vaccine. We aimed to assess the effi  cacy of the CYD dengue 
vaccine against symptomatic, virologically confi rmed dengue in children.

Methods We did an observer-masked, randomised controlled, multicentre, phase 3 trial in fi ve countries in the Asia-
Pacifi c region. Between June 3, and Dec 1, 2011, healthy children aged 2–14 years were randomly assigned (2:1), by 
computer-generated permuted blocks of six with an interactive voice or web response system, to receive three 
injections of a recombinant, live, attenuated, tetravalent dengue vaccine (CYD-TDV), or placebo, at months 0, 6, and 
12. Randomisation was stratifi ed by age and site. Participants were followed up until month 25. Trial staff  responsible 
for the preparation and administration of injections were unmasked to group allocation, but were not included in the 
follow-up of the participants; allocation was concealed from the study sponsor, investigators, and parents and 
guardians. Our primary objective was to assess protective effi  cacy against symptomatic, virologically confi rmed 
dengue, irrespective of disease severity or serotype, that took place more than 28 days after the third injection. The 
primary endpoint was for the lower bound of the 95% CI of vaccine effi  cacy to be greater than 25%. Analysis was by 
intention to treat and per procotol. This trial is registered with ClinicalTrials.gov, number NCT01373281.

Findings We randomly assigned 10 275 children to receive either vaccine (n=6851) or placebo (n=3424), of whom 
6710 (98%) and 3350 (98%), respectively, were included in the primary analysis. 250 cases of virologically confi rmed 
dengue took place more than 28 days after the third injection (117 [47%] in the vaccine group and 133 [53%] in the control 
group). The primary endpoint was achieved with 56·5% (95% CI 43·8–66·4) effi  cacy. We recorded 647 serious adverse 
events (402 [62%] in the vaccine group and 245 [38%] in the control group). 54 (1%) children in the vaccine group and 
33 (1%) of those in the control group had serious adverse events that happened within 28 days of vaccination. Serious 
adverse events were consistent with medical disorders in this age group and were mainly infections and injuries.

Interpretation Our fi ndings show that dengue vaccine is effi  cacious when given as three injections at months 0, 6, and 
12 to children aged 2–14 years in endemic areas in Asia, and has a good safety profi le. Vaccination could reduce the 
incidence of symptomatic infection and hospital admission and has the potential to provide an important public 
health benefi t.

Funding Sanofi  Pasteur.

Introduction
An estimated 390 million dengue infections take place 
every year and roughly 96 million people have clinically 
apparent disease.1–3 About 70% of the overall disease 
burden, which has increased by 30 times in the past 
50 years, is reported in the Asia-Pacifi c region.1,3 Four viral 
serotypes cause disease in proportions that change 
unpredictably over time and from place to place, even 
within the same country. Incidence has increased in older 
age groups in many countries where dengue is endemic.1,4

No licensed vaccines and no specifi c treatments are 
available to prevent dengue infection. The vaccine 
candidate assessed here is a recombinant, live, attenuated, 
tetravalent dengue vaccine (CYD-TDV) that has been 

consistently well tolerated and immunogenic in clinical 
studies in Asia and Latin America.5–9 A fi rst, proof-of-
concept effi  cacy trial1 including 4002 Thai children aged 
4–11 years, did not meet its primary outcome, with a 
vaccine effi  cacy of 30·2% (95% CI −13·4 to 56·6). In 
exploratory intention-to-treat analyses, the lower bound of 
the 95% CI for the serotype-specifi c vaccine effi  cacy for 
serotypes 1, 3, and 4 was greater than 0 after the fi rst 
injection, but not after the third injection, possibly because 
of the lower number of cases.10

We did this phase 3 effi  cacy trial of dengue vaccine to 
assess the effi  cacy of the CYD dengue vaccine against 
symptomatic, virologically confi rmed dengue, irrespective 
of serotype or disease severity. In an ongoing second study 
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Chikungunya Virus

 Epidemiol o gic Ch a r ac ter is tics 
a nd Spr e a d

The initiation of urban chikungunya fever out-
breaks follows spillover infection of humans from 
enzootic African transmission cycles; spillover 
infections have been documented in South Africa, 
Zimbabwe,18 Cameroon,19 Uganda,20 and Senegal,21

including small epidemics. Recent African out-
breaks have also involved interhuman transmis-
sion by A. albopictus,19,22 but evidence for the in-
volvement of A. aegypti is mainly confined to 
Tanzania, Senegal, and Kenya.23 The spread of 
the disease within Africa is not well understood, 
but after outbreaks reach the Indian Ocean ba-
sin and Asia, further dissemination by air travel-
ers occurs frequently.15,24 Urban chikungunya vi-
rus transmission patterns probably follow those 
observed for dengue virus, with social connec-
tions and routine movement of people among the 
homes of family and friends playing a key role in 
the spread of the virus by A. aegypti.25 In locations 

where both A. albopictus and A. aegypti are pres-
ent, the different abilities of the IOL and Asian 
strains to use these two urban mosquito vectors, 
which can be spatially segregated on the basis of 
their different preferred habitats,26 result in dif-
ferent patterns of spread of these two chikungu-
nya virus lineages.

 Clinic a l Signs a nd S ymp t oms

Chikungunya fever is typically a rapid-onset febrile 
disease, characterized by intense asthenia, arthral-
gia, myalgia, headache, and rash. The abrupt onset 
of fever follows a mean incubation period of 3 days; 
when fever is present, the body temperature is 
usually higher than 39°C (Fig. 3).27,28 In contrast 
to other arboviral diseases, such as dengue fever, 
the majority of persons who are infected have 
symptoms, with less than 15% of patients having 
asymptomatic seroconversion.29 The onset of fe-
ver coincides with viremia, and the viral load can 
rapidly reach up to 109 viral genome copies per 

Figure 2. Origin, Spread, and Distribution of Chikungunya Virus and Its Vectors.

The map shows the African origins of enzootic chikungunya virus strains and the patterns of emergence and spread of the Asian lineage 
and Indian Ocean lineage (IOL) of the virus during epidemics since the 1950s, based on phylogenetic studies.4,5 The distributions of the 
peridomestic vectors, Aedes aegypti and A. albopictus, are also shown. ECSA denotes eastern, central, and southern African.
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Reported cases of CHIK fever 
in Japan
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Mosquito-borne diseases are spreading!



ZIKV infection



PROTECT YOUR FAMILY AND COMMUNITY: 
HOW ZIKA SPREADS

Most people get Zika 
from a mosquito bite

A mosquito bites
a person infected 

with Zika virus The mosquito becomes infected

A mosquito will often live in a single 
house during its lifetime

The infected mosquito bites 
a family member or neighbor 

and infects them

More mosquitoes get 
infected and spread 

the virus

More members in the 
community become infected

Other, less common ways, people get Zika:

During pregnancy
A pregnant woman 
can pass Zika virus 
to her fetus during 
pregnancy. Zika causes 
microcephaly, a severe 
birth defect that is a 
sign of incomplete brain 
development

Through sex
Zika virus can be 
sexually transmitted by a 
man to his partners

Through blood 
transfusion
There is a strong 
possibility that 
Zika virus can be 
spread through 
blood transfusions



• Belongs to genus 
Flaviviridae, which 
includes DENV, West 
Nile, and yellow fever 
viruses 

• Firstly isolated from the 
sentinel rhesus monkey 
from the Zika Forest in 
Uganda in 1947

Zika Virus

Viruses 2015, 7(1), 219-238



How ZIKV spread?
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ZZiikkaa  vviirruuss  ––  IInncciiddeennccee  aanndd  ttrreennddss    
 
To date, 40 countries and territories have confirmed local, vectorial transmission of Zika virus 
disease in the Region of the Americas since 2015 (Figure 1). In addition, five countries in the 
Americas have reported Zika cases by sexual transmission (Argentina, Canada, Chile, Peru, 
and the United States of America). Since the last Pan American Health Organization/ World 
Health Organization (PAHO/WHO) Zika Epidemiological Update on 30 June 2016, no 
additional countries or territories confirmed vector-borne autochthonous transmission of Zika 
virus.  In review of the respective last four weeks of reported data, an increasing trend in 
cases has been observed in Costa Rica, French Guiana, Guadeloupe, Guatemala, 
Jamaica, Mexico, Puerto Rico, Saint Barthelemy, and Saint Martin.    
 
Figure 1. Countries and territories in the Americas with confirmed autochthonous (vector-
borne) Zika virus cases, 2015-2016. 

 
 

Regional Zika Epidemiological Update (Americas)  - 7 July 2016
http://ecdc.europa.eu/en/healthtopics/zika_virus_infection/zika-outbreak/pages/zika-countries-with-
transmission.aspx

http://ecdc.europa.eu/en/healthtopics/zika_virus_infection/zika-outbreak/pages/zika-countries-with-transmission.aspx
http://ecdc.europa.eu/en/healthtopics/zika_virus_infection/zika-outbreak/pages/zika-countries-with-transmission.aspx
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ECDC. Zika transmission in South East Asia, as of 27 July 2017
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東南アジアで流行している株は増殖能が低い？
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ZIKA in indonesia



The first human cases in the world  
were reported from Indonesia. 

They were diagnosed by serology 
(Viruses were not isolated).
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Case Report: Zika Virus Infection Acquired During Brief Travel to Indonesia

Jason C. Kwong,* Julian D. Druce, and Karin Leder
Victorian Infectious Diseases Service, The Royal Melbourne Hospital, Melbourne, Victoria, Australia;

Victorian Infectious Diseases Reference Laboratory, Melbourne, Victoria, Australia; Department of Epidemiology
and Preventive Medicine, Monash University, Melbourne, Victoria, Australia

Abstract. Zika virus infection closely resembles dengue fever. It is possible that many cases are misdiagnosed or
missed. We report a case of Zika virus infection in an Australian traveler who returned from Indonesia with fever and
rash. Further case identification is required to determine the evolving epidemiology of this disease.

A previously healthy 52-year-old Australian woman had
malaise and rash after a 9-day holiday to Jakarta, Indonesia.
On arrival in Australia, she initially reported some fatigue and
non-specific malaise, followed by a prominent headache. The
headache subsequently began to subside, but on day 4 of her
symptoms, a maculopapular rash developed that started on
her trunk before spreading to her back and limbs, but not her
face. This rash was accompanied by generalized myalgia, some
loose bowel movements, and an occasional dry cough. She did
not experience any significant sweats or rigors.
Examination on day 5 of her illness showed mild bilateral

conjunctivitis and a diffuse maculopapular rash, but no evi-
dence of lymphadenopathy or tenosynovitis. Investigations at
this time showed a total leukocyte count of 3.6 + 109 cells /L
(reference range = 4.0–11.0 + 109 cells/L), a hemoglobin
level of 137 g/L (reference range = 115–150 g/L), a hematocrit
of 39%, and platelet count of 230 + 109 cells/L (reference
range = 140–400 + 109 cells/L). Reactive lymphocytes were
present on a blood film. Baseline liver and renal function test
results were normal.
Dengue serologic analysis on day 5 of her illness showed

a positive result for IgG, a weakly positive result for IgM,
but a negative result for nonstructural protein 1 (NS1 anti-
gen) by enzyme immunoassay. A generic flavivirus group
polymerase chain reaction (PCR) result was positive, and
the patient was provisionally given a diagnosis of dengue
fever. A dengue-specific PCR result was negative. However,
sequencing of the original flavivirus PCR product identi-
fied it as Zika virus (GenBank accession no. KF258813). The
patient’s symptoms had completely resolved after two weeks
from onset of symptoms, and a convalescent PCR result at this
time was negative for flavivirus.
Zika virus is an RNA-containing flavivirus first isolated in

1948 from a sentinel rhesus monkey in the Zika Forest of
Uganda.1 A number of cases of infection with this virus have
since been reported in Africa, India, Southeast Asia, and
Micronesia. Recent phylogenetic analysis of reported Zika
virus strains has suggested that strains from Africa and Asia
have emerged as two distinct virus lineages (Figure 1).2

Infection with Zika virus results in a clinical syndrome
similar to illness resulting from infection with other flavi-
viruses. Commonly reported symptoms include malaise,
headache, maculopapular rash, myalgia, arthralgia, conjuncti-
vitis, and fever.1,3 Diagnosis can be confirmed by demonstra-

tion of specific antibodies against Zika virus in serum or by
PCR detection of the virus.4–6 Detailed serologic testing of
the Yap Islands Zika virus outbreak in 2007 showed limited
cross-reactivity with IgM against other flaviviruses, including
dengue virus.7

To our knowledge, this is the first case of Zika virus infec-
tion reported in a returned traveler to Australia, although
serologic evidence of Zika virus infection has been reported
in Java, Indonesia.8 The only other reported cases outside
virus-endemic regions were in two U.S. scientists working in
Senegal who showed development of clinical infection after
returning to the United States, and one scientist subsequently
infected his wife, possibly through sexual transmission.9 How-
ever, it is likely that many cases are either undiagnosed
(because of mild symptoms) or misdiagnosed, presumably most
commonly as dengue fever, given their clinical similarities.
Cross-sectional surveys in Africa and Asia show higher sero-
prevalence of antibodies against Zika virus than is suggested
on the basis of the reported incidence of Zika infection.2

For returned travelers, accurate diagnosis and rapid differ-
entiation from other possible travel-related illnesses is impor-
tant in minimizing healthcare-associated morbidity. In our
patient, although a provisional diagnosis of dengue fever was
made, the absence of thrombocytopenia and the negative
results for nonstructural protein 1 in the context of a positive
PCR result for flavivirus was believed to be unusual. To our
knowledge, thrombocytopenia has not been reported with
confirmed Zika virus infection.
Although severe cases of Zika virus infection in humans

have not been described, the spectrum of clinical disease
remains uncertain. As with other flaviviruses, a seemingly
indolent virus may in some cases be associated with more
significant illness. With more frequent identification of cases
through pan-flavirvirus molecular testing, better characteri-
zation of the evolving epidemiology and full clinical spec-
trum of Zika virus infection will be possible.
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Countries and territories where chikungunya cases have been reported* 
(as of October 20, 2015)  

 

*Does not include countries or territories where only imported cases have been documented. This map is updated weekly if 
there are new countries or territories that report local chikungunya virus transmission. 
 
Data table: Countries and territories where chikungunya cases have been reported 
AFRICA ASIA AMERICAS  
Benin Bangladesh Anguilla Panama 
Burundi Bhutan Antigua and Barbuda Paraguay 
Cameroon Cambodia Aruba Peru 
Central African Republic China Bahamas Puerto Rico 
Comoros India Barbados Saint Barthelemy 
Dem. Republic of the Congo Indonesia Belize Saint Kitts and Nevis 
Equatorial Guinea Laos Bolivia Saint Lucia 
Gabon Malaysia  Brazil 

 
Saint Martin 

Guinea Maldives British Virgin Islands Saint Vincent & the Grenadines 
Kenya Myanmar (Burma) Cayman Islands Sint Maarten 
Madagascar Pakistan Colombia Suriname 
Malawi Philippines Costa Rica Trinidad and Tobago 
Mauritius Saudi Arabia Curacao Turks and Caicos Islands 
Mayotte Singapore Dominica United States 
Nigeria Sri Lanka Dominican Republic US Virgin Islands 
Republic of Congo Taiwan Ecuador Venezuela 
Reunion  Thailand El Salvador  
Senegal Timor French Guiana OCEANIA/PACIFIC ISLANDS 
Seychelles Vietnam Grenada American Samoa 
Sierra Leone Yemen Guadeloupe Cook Islands 
South Africa  Guatemala Federal States of Micronesia 
Sudan EUROPE Guyana French Polynesia 
Tanzania France Haiti Kiribati 
Uganda Italy Honduras New Caledonia 
Zimbabwe  Jamaica Papua New Guinea 
  Martinique 

 
Samoa 

  Mexico Tokelau 
  Montserrat Tonga 
  Nicaragua  
    

 

http://www.cdc.gov/chikungunya/pdfs/chikungunyaworldmap_10-20-2015.pdf
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We should also consider 
ZIKV infection when we 
consider DF or CHIK 



Now ZIKV is spreading 
to Southeast Asia, again







Imported cases of 
ZIKV infection in Japan



First 3 cases diagnosed in 
NCGM in 2013-2014
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Two cases of Zika fever imported from French Polynesia 
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We present two cases of imported Zika fever to Japan, 
in travellers returning from French Polynesia, where 
an outbreak due to Zika virus (ZIKV) is ongoing since 
week 41 of 2013. This report serves to raise awareness 
among healthcare professionals, that the differential 
diagnosis of febrile and subfebrile patients with rash 
should include ZIKV infection, especially in patients 
returning from areas affected by this virus.

We report two cases of Zika fever in Japan, which were 
imported from French Polynesia, where on 6 November 
2013 public health authorities reported an outbreak of 
subfebrile illness with rash due to Zika virus (ZIKV). 
The epidemic started spreading across the archipelago 
beginning in week 41 of 2013 [1]. During weeks 42 to 
52, the syndromic surveillance network reported 6,630 
suspected ZIKV infection cases to the Bureau de Veille 
Sanitaire. About 500 of these cases were tested at the 
Institute Louis Malarde laboratory in Papeete for con-
firmation; 333 were confirmed by real-time reverse 
transcription-polymerase chain reaction (RT-PCR) as 
ZIKV infections [2]. The outbreak is currently ongoing 
and as of 13 January 2014, 361 laboratory-confirmed 

cases have been reported [3]. Symptoms of most ZIKV 
infection cases are mild and self-limited (mean dura-
tion of symptoms is 3–6 days). No hospitalisations for 
acute infection have been reported. 

Case 1
A previously healthy Japanese man in his mid-20s pre-
sented to our hospital in mid-December 2013 after four 
days of fever (self-reported), headache, and arthral-
gia and one day of rash. He had visited Bora Bora in 
French Polynesia, in the first week of December 2013 
for six days for sightseeing with his partner. He did not 
use insect repellent during the trip. Upon examination, 
his body temperature was 37.2°C (99°F) and he had 
maculopapular rash on his face, trunk, and extremi-
ties. Other clinical examination results were normal. 
Laboratory tests revealed leucopenia (3,300 ×106/L; 
norm: 3,500–8,500×106/L) and thrombocytopenia 
(14,900×106 /L; norm: 15,000–35,000×106 /L). ZIKV 
RNA was detected in serum using real-time RT-PCR per-
formed at the National Institute of Infectious Diseases 
in Japan with primer-probe sets previously described 
[4]; thus, we diagnosed the patient with Zika fever. His 
fever and other symptoms subsided a day after first 
presentation and his rash disappeared over the next 
few days.

Case 2
A previously healthy Japanese woman in her early 30s 
presented to our hospital in the beginning of January 
2014 for retro-orbital pain, slight fever (self-reported), 
rash, and itches. Her retro-orbital pain and mild fever 
had appeared five days prior to her visit at our hos-
pital, while the rash and itches appeared on the day 
before the visit. She had travelled to Bora Bora where 
she stayed for 10 days starting mid-December 2013 
for sightseeing with a companion. The first symp-
toms occurred six days after this journey. She had 
used insect repellent during her travels, but reported 
mosquito bites. She was afebrile and in good general 
condition at the first presentation to the hospital. 
On examination, both bulbar conjunctivas appeared 

Figure 1
Conjunctivitis in a case of imported Zika virus infection 
from French Polynesia, Japan, January 2014

Although the patient was afebrile upon examination, both bulbar 
conjunctivas appeared congested.
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diagnosed by PCR in the urines
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Abstract

In July 2014, a Japanese traveller returning from Thailand was investigated for fever, headache, rash and conjuncti-
vitis. Zika virus RNA was detected in his urine sample by real-time reverse transcription polymerase chain reaction.
Serological tests showed cross reactivity of IgM against the dengue virus. Zika fever could be misdiagnosed or
missed and should be considered in febrile patients with a rash, especially those returning from Thailand.

Key words: Zika fever, Mosquito-borne disease, Flaviviridae

Zika fever is a mosquito-borne viral illness caused by caused by

Zika virus (ZIKV). The clinical course of Zika fever is similar to that

of Dengue fever, which is characterized by fever, joint pain, myalgia,

headache and rash. The cross reactivity with the antibody against

other flavivirus may lead to misdiagnosis, and detection of ZIKV in

blood or urine using polymerase chain reaction (PCR) is highly spe-

cific. We report an imported Zika fever case from Thailand to

Japan, diagnosed by detection of ZIKV in urine using PCR.

Case Description

A previously healthy man in his early 40s presented to the

National Center for Global Health and Medicine, in Tokyo,

Japan, on 4th August with a 3-day history of fever, headache and

rash after returning from Thailand. He was sightseeing in Koh

Samui, an island in Thailand, from 25 to 31 July 2014. He did

not use an insect repellent during this period. Fever (self-reported)

with headache developed on 2nd August, followed by diffuse

maculopapular rash on his trunk and extremities.

At the initial presentation, his body temperature was 37.2!C;

physical examination revealed bilateral non-purulent

conjunctivitis, diffuse maculopapular rash on the face, trunk

(Figure 1), extremities, including his palms and soles (Figure 2).

Other examinations yielded normal results. Laboratory exami-

nation revealed a slightly elevated C-reactive protein level of

1.12 mg/dl (reference value<0.3 mg/dl), normal white blood

cell count of 4940/ll and normal platelet count of 184 000/ll.

An examination with the rapid diagnosis kit for the dengue virus

(DENV, Dengue Duo NS1 AgþAb Combo; SD BIOLINE,

Standard Diagnostics Inc., Korea) showed negative results for

NS-1 antigen and IgM and IgG antibodies (Abs) for DENV.

We suspected Zika fever clinically, and sent his blood sample

to the National Institute for Infectious Diseases (NIID) in Japan.

At the second visit, 3 days after the initial presentation, his

fever and headache had resolved but the rash and conjunctivitis

remained. At the third consultation, 11 days after the initial pre-

sentation, all of his signs and symptoms had resolved.

ZIKV RNA was detected in his urine sample collected 7 days

after symptom onset by the real-time reverse transcription PCR

RT-PCR) performed at the NIID, as opposed to the equivocal

findings yielded by the examination of the serum samples taken at

the first presentation (2 days after symptom onset).

VC The Author 2016. Published by Oxford University Press on behalf of International society of travel medicine. All rights reserved.
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on ZIKV infection



Zik a Virus Outbreak on Yap Island

n engl j med 360;24 nejm.org june 11, 2009 2541

All 108 patients with confirmed or probable Zika 
virus disease had IgM antibody against Zika virus 
and neutralizing antibodies. ELISA for IgM is a 
relatively sensitive and specific assay for detecting 
arboviral infections.23 Although the ELISA for IgM 
antibody against Zika virus may cross-react with 
IgM against other flaviviruses, such as dengue vi-
rus or yellow fever virus, it is not likely to cross-
react with IgM against alphaviruses such as chi-
kungunya or Ross River viruses. PRNTs effectively 
discriminate among different primary flavivirus 
infections, but patients who have secondary infec-
tions (those who have been previously vaccinated 
against or exposed to another flavivirus) may have 
indeterminate PRNT results.30,31 The patients with 
confirmed Zika virus disease had titers of neu-
tralizing antibodies against Zika virus that were 
at least four times as high as their titers of neu-
tralizing antibodies against dengue virus, a find-
ing that provides strong evidence of primary Zika 
virus infection. The patients with probable Zika 
virus disease also had neutralizing antibodies 
against Zika virus, but the titers were less than 
four times as high as the titers of neutralizing 
antibodies against dengue virus. Although the re-
sults from these patients do not definitively con-
firm Zika virus infection, they are consistent with 
Zika virus infection after a previous dengue virus 
infection.

The attack rates of Zika virus disease detected 
by surveillance were higher among females than 
males and among older persons than younger per-
sons. In contrast, the prevalence of IgM antibody 
against Zika virus detected by the survey was 
higher in male participants (perhaps because of 
the possibility of their greater exposure to mos-
quitoes) and was relatively evenly distributed across 
age groups. These discrepancies may be because 
of differences in health care–seeking behavior for 
this relatively mild illness. The estimated ratio of 
symptomatic to asymptomatic patients with Zika 
virus infection in this outbreak is similar to that 
described for West Nile virus infection.32,33

We think it unlikely that Zika virus circulated 
unrecognized on Yap before this outbreak. The 
compact clustering of cases in May and June and 
the high seroprevalence of IgM antibody against 
Zika virus are consistent with an acute outbreak 
of Zika virus illness in a population without previ-
ous immunity to Zika virus. Although precise esti-
mates of the persistence of IgM antibody against 
Zika virus are not available, IgM antibodies to 

dengue virus generally do not persist longer than 
90 days.33 IgM antibodies to West Nile virus typi-
cally persist for about 5 months.34-36 There were 
no reports of widespread disease outbreaks on Yap 
in the 2 years before this outbreak. These results 
support the conclusion that this outbreak resulted 
from a recent introduction of Zika virus.

Zika virus might have been introduced to Yap 
by a viremic nonhuman primate (monkeys live on 
nearby Palau but not on Yap), but there were no 
reports of any importation or recent arrival of non-
human primates. No other nonprimate vertebrates 
or birds are known to be reservoirs of Zika virus; 
unless evidence of such a reservoir is discovered, 
introduction of Zika virus through an infected 

22p3

50

60

40

30

10

20

0

0–4 
5–9

10
–14

15
–19

20
–24

25
–29

30
–34

35
–39

40
–44

45
–49

50
–54

55
–59 ≥60

AUTHOR:

FIGURE:

JOB:

4-C
H/T

RETAKEICM

CASE

EMail Line
H/T
Combo

Revised

 

REG F

Enon

1st
2nd
3rd

Duffy (Fischer)

4 of 4

06-11-09

ARTIST: ts

36024 ISSUE:

Probable cases (N=59) Confirmed cases (N=49)

Figure 4. Attack Rates for Confirmed and Probable Zika Virus Disease  
on Yap According to Age Group during the Period from April through  
July 2007. 

Table 1. Clinical Characteristics of 31 Patients with Confirmed Zika Virus 
Disease on Yap Island during the Period from April through July 2007.

Sign or Symptom No. of Patients (%)

Macular or papular rash 28 (90)

Fever* 20 (65)

Arthritis or arthralgia 20 (65)

Nonpurulent conjunctivitis 17 (55)

Myalgia 15 (48)

Headache 14 (45)

Retro-orbital pain 12 (39)

Edema 6 (19)

Vomiting 3 (10)

* Cases of measured and subjective fever are included.
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Symptoms n(%)
Exanthema 56 (98) 
Fever† 38 (67) 
Days from symptom onset to 
exanthema 

1 (0–2) 
Arthralgia 33 (58) 
Itching 32 (56) 
Headache 38 (67) 
Myalgia 28 (49) 
Retro-orbital pain 23 (40) 
Conjunctivitis 22 (39) 
Joint swelling 13 (23) 











Diagnosis of ZIKV infection
• Detection of ZIKV by PCR 

• blood or urine：ZIKV detected longer in 
urine than in blood 

• Antibody 

• Cross reactivity is reported among other 
Flavivirus(etc. DENV, YFV, JEV, …).

Am J Trop Med Hyg. 2014 Nov;91(5):1035-8.



More longer detection in saliva(45 days),  
and in semen(181 days)

Euro Surveill. 2016;21(32):pii=30316.



Case Report

A case of consecutive infection with Zika virus and Chikungunya virus
in Bora Bora, French Polynesia
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a b s t r a c t

Chikungunya fever (CHIK) and Zika virus (ZIKV) infection have similar endemic areas and clinical
manifestations. We report a case of CHIK at 1 year after a ZIKV infection in Bora Bora (French Polynesia),
which we diagnosed based on IgM to the CHIK virus and neutralizing antibodies to ZIKV.

© 2016 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.

1. Introduction

Dengue fever (DF), chikungunya fever (CHIK), and Zika virus
(ZIKV) infection are mosquito-borne infections that are transmitted
by Aedes spp. mosquitoes [1e3]. However, their clinical diagnosis is
difficult, as they have similar endemic areas and clinical manifes-
tations. In addition, since January 2012, the Pacific has experienced
a high burden of mosquito-borne disease, because of concurrent
epidemics of DF, CHIK, and ZIKV infection [4]. Furthermore, two
large outbreak have recently been reported in French Polynesia,
with an estimated 66,000 cases of CHIK (October 2014 to March
2015) [5] and >32,000 patients who were assessed for suspected
ZIKV infection (October 2013 to April 2014) [6]. Moreover, during
the outbreaks in French Polynesia, two cases of ZIKV infectionwere
imported to Japan [7]. As cases from these areas require a differ-
ential diagnosis that considers DF, CHIK, and ZIKV infection, we
report a case of CHIK that we diagnosed at 1 year after a ZIKV
infection in Bora Bora (French Polynesia).

2. Case report

A previously healthy 40 year-old Japanese woman presented
with persistent arthralgia after living in Bora Bora for several years.
She had experienced a fever, myalgia, and arthralgia on January 12,
2015, and had returned to Japan on January 19, 2015. She had no
medical history or allergies. Although her fever and myalgia
spontaneously subsided within one week, the bilateral arthralgia in
her wrists, elbows, shoulders, and knees persisted for one month.
She subsequently presented to our hospital on February 16, 2015,
and a physical examination revealed that her body temperature
was 37.1 !C, her blood pressure was 117/80 mmHg, and her pulse
was 80/min. She had no rash, although we observed bilateral
manifestations of arthritis (swelling, tenderness, limited range of
motion, and/or pain with motion) in her wrist, elbow, shoulder,
knee, and ankle joints. Laboratory testing revealed normal findings.
However, the positive versus negative ratio (P/N ratio) of CHIK virus
(CHIKV)-specific IgM was positive in the serum sample that we
collected (P/N ratio ¼ 7.8; ratios of >2.0 are considered positive;
Chikungunya Virus IgM m-capture, NovaTec). Furthermore, we did
not detect dengue virus (DENV)-specific IgM (Dengue Virus IgM
Capture DxSelect Kit, Focus) or IgG (DENGUE ELISA IgG, Vircell),
which led us to diagnose the patient with CHIK. We prescribed

* Corresponding author. Disease Control and Prevention Center, National Center
for Global Health and Medicine, 1-21-1 Toyama, Shinjuku-ku, Tokyo, 162-8655,
Japan.
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Neutralizing Antibody is useful for the cases 
which was infected more than 12 weeks ago. 



Treatment

• None 

• Only symptomatic treatment 

• NSAIDs are not recommended for the 
patients not distinguished from DF



Prognosis
• Almost mild. 

• Rarely fatal cases reported, especially in 
elderly or patients with comorbidity.



Complication of  
ZIKV infection

• Guillain-Barre syndrome 

• meningoencephalitis 

• myelitis 

• Congenital ZIKV infection 
(including microcephaly)

Epidemiological update: Complications potentially linked to the Zika virus outbreak,  
Brazil and French Polynesia. 27 Nov 2015
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Guillain-Barré Syndrome outbreak associated with Zika virus 
infection in French Polynesia: a case-control study
Van-Mai Cao-Lormeau*, Alexandre Blake*, Sandrine Mons, Stéphane Lastère, Claudine Roche, Jessica Vanhomwegen, Timothée Dub, 
Laure Baudouin, Anita Teissier, Philippe Larre, Anne-Laure Vial, Christophe Decam, Valérie Choumet, Susan K Halstead, Hugh J Willison, Lucile Musset, 
Jean-Claude Manuguerra, Philippe Despres, Emmanuel Fournier, Henri-Pierre Mallet, Didier Musso, Arnaud Fontanet*, Jean Neil*, Frédéric Ghawché*

Summary
Background Between October, 2013, and April, 2014, French Polynesia experienced the largest Zika virus outbreak 
ever described at that time. During the same period, an increase in Guillain-Barré syndrome was reported, suggesting 
a possible association between Zika virus and Guillain-Barré syndrome. We aimed to assess the role of Zika virus and 
dengue virus infection in developing Guillain-Barré syndrome.

Methods In this case-control study, cases were patients with Guillain-Barré syndrome diagnosed at the Centre 
Hospitalier de Polynésie Française (Papeete, Tahiti, French Polynesia) during the outbreak period. Controls were 
age-matched, sex-matched, and residence-matched patients who presented at the hospital with a non-febrile illness 
(control group 1; n=98) and age-matched patients with acute Zika virus disease and no neurological symptoms 
(control group 2; n=70). Virological investigations included RT-PCR for Zika virus, and both microsphere 
immunofl uorescent and seroneutralisation assays for Zika virus and dengue virus. Anti-glycolipid reactivity was 
studied in patients with Guillain-Barré syndrome using both ELISA and combinatorial microarrays.

Findings 42 patients were diagnosed with Guillain-Barré syndrome during the study period. 41 (98%) patients with 
Guillain-Barré syndrome had anti-Zika virus IgM or IgG, and all (100%) had neutralising antibodies against Zika 
virus compared with 54 (56%) of 98 in control group 1 (p<0·0001). 39 (93%) patients with Guillain-Barré syndrome 
had Zika virus IgM and 37 (88%) had experienced a transient illness in a median of 6 days (IQR 4–10) before the onset 
of neurological symptoms, suggesting recent Zika virus infection. Patients with Guillain-Barré syndrome had 
electrophysiological fi ndings compatible with acute motor axonal neuropathy (AMAN) type, and had rapid evolution 
of disease (median duration of the installation and plateau phases was 6 [IQR 4–9] and 4 days [3–10], respectively). 
12 (29%) patients required respiratory assistance. No patients died. Anti-glycolipid antibody activity was found in 
13 (31%) patients, and notably against GA1 in eight (19%) patients, by ELISA and 19 (46%) of 41 by glycoarray at 
admission. The typical AMAN-associated anti-ganglioside antibodies were rarely present. Past dengue virus history 
did not diff er signifi cantly between patients with Guillain-Barré syndrome and those in the two control groups (95%, 
89%, and 83%, respectively).

Interpretation This is the fi rst study providing evidence for Zika virus infection causing Guillain-Barré syndrome. 
Because Zika virus is spreading rapidly across the Americas, at risk countries need to prepare for adequate intensive 
care beds capacity to manage patients with Guillain-Barré syndrome.

Funding Labex Integrative Biology of Emerging Infectious Diseases, EU 7th framework program PREDEMICS. and 
Wellcome Trust.

Introduction
Zika virus is an arthropod-borne virus (arbovirus) in the 
genus Flavivirus, family Flaviviridae.1 Zika virus was fi rst 
isolated from a Rhesus macaque in 1947 in the Zika forest 
of Uganda;2 the monkey had been brought in the country 
by researchers as an experimental animal. The fi rst 
human infection was reported in Nigeria in 1954.3 Like 
dengue virus and chikungunya viruses, Zika virus adapted 
from an ancestral transmission cycle involving non-
human primates and a broad spectrum of canopy dwelling 
mosquito species as vectors to an urban–periurban cycle 
involving humans as reservoirs and the widely distributed 
Aedes (Stegomyia) mosquitoes as vectors.4

Since the 1950s, Zika virus has only been reported as 
circulating sporadically in Africa and southeast Asia.5 In 

2007, Zika virus was isolated for the fi rst time in the Pacifi c, 
on the Micronesian island of Yap.6 Between October, 2013, 
and April, 2014, French Polynesia experienced the largest 
Zika outbreak ever reported at that time.7 More than 
32 000 patients were assessed for suspected Zika virus 
infection, with a weekly incidence peaking on week 9 of 
the outbreak.8 Since 2014, Zika virus has spread to other 
Pacifi c islands, notably Easter Island (Chile). In March, 
2015, Brazil reported autochthonous transmission of Zika 
virus,9 and an outbreak was declared 6 months later.10 As of 
Feb 1, 2016, Zika virus had emerged in 25 countries and 
territories in South or Central America, with alarming 
reports of microcephaly cases among neonates in Brazil.11

Before the French Polynesian outbreak, Zika virus 
infection used to be described as a mild febrile illness with 
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the onset of the ZIKV infection symptoms and the 
onset of the Guillain–Barré syndrome was 7 days 
(interquartile range, 3 to 10).

The clinical and laboratory features of the 
patients with the Guillain–Barré syndrome are 
summarized in Table 2, and in Table S2 in the 
Supplementary Appendix. The symptoms at pre-
sentation included limb weakness (97%), pares-
thesias (76%), and facial palsy (32%). A total of 
56 patients (82%) reported an ascending pattern 

of weakness. On neurologic examination, the me-
dian Medical Research Council (MRC) sum score 
(which indicates muscle strength in 12 different 
muscle groups and ranges from 0 to 60, with 
higher scores indicating more preserved muscle 
strength) was 40 (interquartile range, 26 to 47).20 
Cranial neuropathies were present in 43 patients, 
with bilateral facial palsy being the most common 
(in 50% of the 68 patients). Autonomic dysfunction 
was present in 21 patients (31%). A total of 40 pa-

Figure 1. Cases of ZIKV Infection and the Guillain–Barré Syndrome in Colombia.

Panel A shows a map of Colombia with Neuroviruses Emerging in the Americas Study (NEAS) participating sites in 
the context of the Zika virus (ZIKV) infection outbreak. Numbers of confirmed cases of ZIKV infection from epide-
miologic week 32 of 2015 through week 12 of 2016 are shown. Panel B shows the cases of the Guillain–Barré syn-
drome that were diagnosed in parallel with ZIKV cases reported to the Colombian National Institute of Health and 
epidemiological surveillance system in Colombia from October 2015 through March 2016.
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BACKGROUND
Zika virus (ZIKV) infection has been linked to the Guillain–Barré syndrome. From 
November 2015 through March 2016, clusters of cases of the Guillain–Barré syn-
drome were observed during the outbreak of ZIKV infection in Colombia. We char-
acterized the clinical features of cases of Guillain–Barré syndrome in the context of 
this ZIKV infection outbreak and investigated their relationship with ZIKV infection.

METHODS
A total of 68 patients with the Guillain–Barré syndrome at six Colombian hospitals 
were evaluated clinically, and virologic studies were completed for 42 of the patients. 
We performed reverse-transcriptase–polymerase-chain-reaction (RT-PCR) assays for 
ZIKV in blood, cerebrospinal fluid, and urine, as well as antiflavivirus antibody assays.

RESULTS
A total of 66 patients (97%) had symptoms compatible with ZIKV infection before 
the onset of the Guillain–Barré syndrome. The median period between the onset 
of symptoms of ZIKV infection and symptoms of the Guillain–Barré syndrome was 
7 days (interquartile range, 3 to 10). Among the 68 patients with the Guillain–Barré 
syndrome, 50% were found to have bilateral facial paralysis on examination. Among 
46 patients in whom nerve-conduction studies and electromyography were performed, 
the results in 36 patients (78%) were consistent with the acute inflammatory de-
myelinating polyneuropathy subtype of the Guillain–Barré syndrome. Among the 
42 patients who had samples tested for ZIKV by RT-PCR, the results were positive in 
17 patients (40%). Most of the positive RT-PCR results were in urine samples (in 16 
of the 17 patients with positive RT-PCR results), although 3 samples of cerebrospinal 
fluid were also positive. In 18 of 42 patients (43%) with the Guillain–Barré syndrome 
who underwent laboratory testing, the presence of ZIKV infection was supported by 
clinical and immunologic findings. In 20 of these 42 patients (48%), the Guillain–
Barré syndrome had a parainfectious onset. All patients tested were negative for 
dengue virus infection as assessed by RT-PCR.

CONCLUSIONS
The evidence of ZIKV infection documented by RT-PCR among patients with the Guil-
lain–Barré syndrome during the outbreak of ZIKV infection in Colombia lends sup-
port to the role of the infection in the development of the Guillain–Barré syndrome. 
(Funded by the Bart McLean Fund for Neuroimmunology Research and others.)
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Zika Virus Associated with Meningoencephalitis

To the Editor: Zika virus (ZIKV) is currently 
spreading widely, while its clinical spectrum re-
mains a matter of investigation. Evidence of a 

relationship between ZIKV infection and cerebral 
birth abnormalities1,2 is growing.3 An increased 
incidence of some peripheral nervous syndromes 

Figure 1. Imaging of the Brain.

MRI with the use of fluid-attenuated inversion recovery (FLAIR) imaging revealed subcortical white-matter hyperin-
tensities in the right frontal region, the right parietal region (Panel A), the right temporo-occipital region (Panel B), 
and bilateral rolandic regions (Panel A). The slight hyperintensity of the right rolandic fissure (Panel A, arrow) is suggestive of 
meningitis. The multiple punctuated hyperintensities on diffusion-weighted sequences are suggestive of ischemic foci (Panel 
C). The MRI with FLAIR imaging and diffusion-weighted sequences were performed with the use of a 3T MRI unit (Magnetom 
Verio, Siemens). The computed tomographic angiogram shows an irregular narrowing of the right callosomarginal artery 
(Panel D, arrows). Angiography was performed with the use of a Discovery CT750 HD scanning system (GE Medical Systems).
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Cases of meningoencephalitis and myelitis
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Acute myelitis due to Zika virus infection 
Sylvie Mécharles, Cécile Herrmann, Pascale Poullain, Tuan-Huy Tran, Nathalie Deschamps, Grégory Mathon, Anne Landais, Sébastien Breurec, 
Annie Lannuzel

In January, 2016, a 15-year-old girl with a history only of an 
ovarian cyst was admitted to hospital in Pointe-à-Pitre, 
Guadeloupe, with left hemiparesis. 7 days previously she 
had presented to the emergency department with left arm 
pain, frontal headaches, and conjunctival hyperaemia, but 
no fever, signs of meningeal irritation, or sensory or motor 
defi cits. The day of admission, she developed acute lower 
back pain, paraesthesia on the left side of her body, and 
weakness in her left arm. On admission she had slight 
left-sided weakness and proximal pain of the left arm and 
leg, exacerbated on movement, but no fever or signs of 
meningism, and Glasgow Coma Score (GCS) 15. 
Laboratory analyses were normal except for raised 
leucocytes (11·5 × 10⁹/L) and polymorphonuclear 
leucocytes (9·2  × 10⁹/L). Brain MRI was normal.

On day 2, she developed dysuria and urinary retention 
needing catheterisation, but no abnormal urinary frequency 
or urgency. The left-sided hemiparesis and pain worsened, 
and we noted loss of temperature sensation below the T2 
dermatome on the left and T4 on the right, and bilateral 
Hoff man signs. Spinal MRI showed lesions of the cervical 
and thoracic spinal cord. The cervical lesion was enlarged, 
suggesting oedema (fi gure). Conus medullaris and lumbar 
roots were normal, suggesting the bladder dysfunction 
could be linked to spinal damage. Electromyography and 
cerebrospinal fl uid examination (including isoelectric 
focusing protein profi le) were normal. We detected high 
concentrations of Zika virus on specifi c real-time reverse 
PCR (Eurobio, Les Ulis, France) in serum, urine, and 
cerebrospinal fl uid on the second day of her admission 
(9 days after symptom onset). PCR for varicella zoster and 
herpes simplex viruses, Legionella, and Mycoplasma 
pneumoniae in her cerebrospinal fl uid were negative. She 
had no serological signs of acute infection with cyto-
megalovirus, Epstein-Barr, chikungunya or dengue viruses, 
syphilis, or Lyme disease; tests for HIV and human T-cell 
lymphotropic virus (HTLV) were negative; and aquaporin-A 
antibodies, a marker of neuromyelitis optica, were absent. 

We started methylprednisolone 1 g daily for 5 days. On 
the seventh day of admission her neurological condition 
improved and we could remove the catheter. 1 month 
after admission she had moderate weakness in both legs 
but was able to walk unaided. Repeat MRI showed 
reduced cervical spinal oedema (appendix). 

The Zika virus epidemic that started in Brazil in May, 
2015, spread to 28 countries in February, 2016, including 
the French Caribbean Islands of Martinique and 
Guadeloupe. Like dengue, Zika is an arthropod-borne 
virus of the Flaviviridae family transmitted by 
Aedes mosquitoes. Until recently, Zika was thought to 
cause benign infections in humans.1 The presence of Zika 
virus in the cerebrospinal fl uid of our patient with acute 

myelitis suggests that this virus might be neurotropic. In 
addition to the usual clinical picture of myelitis she had 
severe pain. Absence of intrathecal immunoglobulins and 
normal brain MRI excluded acute disseminated 
encephalomyelitis. The neurotropism of fl aviviruses such 
as dengue, Japanese encephalitis, and West Nile viruses, 
which might be responsible for invasive encephalitis and 
transverse or extensive myelitis,2,3 is well documented. 
West Nile virus might also aff ect lumbosacral nerve roots 
in addition to the spinal cord,4 and retrograde axonal 
transport from infected peripheral nerves has been 
shown.5 Zika virus infection should be considered in 
patients with acute myelitis living in or travelling from 
endemic areas, and further study should clarify the 
spectrum and incidence of neurological associations. 
Contributors
SM, CH, PP, T-HT, ND, GM, ALand, SB, and ALann managed the patient. 
ALann, SM, and SB wrote the report. Consent to publication was obtained.
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Figure: Magnetic resonance imaging (MRI) showing myelitis in Zika virus infection 
(A) T2 sequences showing hypersignal in the thoracic cord T5–T8 (arrow) and enlargement of the cervical spinal cord. 
(B) Sagittal short time inversion recovery (STIR) sequences showing hypersignal in the cervical spinal cord C4–C7 (arrow). 
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Microcephaly



Microcephaly
• Occipitofrontal circumference (OFC) more 
than 2SD below the mean for age, sex, and 
gestation 

• TORCH infections: Toxoplasmosis, Other 
(syphilis), Rubella, Cytomegalovirus (CMV) , 
Herpes simplex virus (HSV). Previously known 
as the causes of congenital anomaly including 
microcephaly. 

ECDC. Microcephaly in Brazil potentially linked to the Zika virus epidemic



WHO. Zika situation report 3 Nov 2016
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Table 2. Countries reporting person-to-person Zika virus transmission since February 2016 
Classification WHO Regional Office Country / territory  Total 

Countries with evidence of 
person-to-person transmission of 
Zika virus, other than mosquito-
borne transmission  

AMRO/PAHO  Argentina, Canada, Chile, Peru, United States 
of America 5 

EURO France, Germany, Italy, Netherlands, Portugal, 
Spain 6 

WPRO New Zealand 1 
Total   12 
 
Table 3. Countries and territories that have reported microcephaly and/or CNS 
malformation cases potentially associated with Zika virus infection 

Reporting country or 
territory 

Number of microcephaly and/or CNS malformation 
cases suggestive of congenital Zika virus infections or 

potentially associated with a Zika virus infection 

Probable location of 
infection 

Bolivia 32 Bolivia 
Brazil 20793 Brazil 

Cabo Verde 9 Cabo Verde 
Canada 1 Undetermined 

Costa Rica 1 Costa Rica 
Colombia 544 Colombia 

Dominican Republic 105 Dominican Republic 
El Salvador  4 El Salvador 

French Guiana 106 French Guiana 
French Polynesia 8 French Polynesia 

Grenada 1 Grenada 
Guatemala 157 Guatemala 

Haiti 1 Haiti 
Honduras 1 Honduras 

Marshall Islands 1 Marshall Islands 
Martinique 126 Martinique 

Panama 5 Panama 
Paraguay 28 Paraguay 

Puerto Rico 39 Puerto Rico 
Slovenia 110 Brazil 

Spain 2 Colombia, Venezuela 
(Bolivarian Republic of) 

Suriname 2 Suriname 
Thailand 2 Thailand 

Trinidad and Tobago 1 Trinidad and Tobago 
Viet Nam 1 Viet Nam 

United States of America 2811 Undetermined* 
*The probable locations of three of the infections were Brazil (1 case), Haiti (1 case) and Mexico, Belize or Guatemala (1 case).  

                                                           
2 https://www.minsalud.gob.bo/1774-santa-cruz-ministerio-de-salud-confirma-tres-casos-de-zika-en-recien-nacidos  
3 http://portalsaude.saude.gov.br/images/pdf/2016/outubro/31/Informe_Epidemiologico_n49_SE_42_2016-25out2016_10h00.pdf  
4 http://www.ins.gov.co/boletin-epidemiologico/Boletn%20Epidemiolgico/2016%20Boletin%20epidemiologico%20semana%2042.pdf  
5http://digepisalud.gob.do/documentos/?drawer=Boletines%20epidemiol%C3%B3gicos*Boletines%20semanales*2016  
6 http://invs.santepubliquefrance.fr/fr/Publications-et-outils/Points-epidemiologiques/Tous-les-numeros/Antilles-Guyane/2016/Situation-

epidemiologique-du-virus-Zika-aux-Antilles-Guyane.-Point-au-6-octobre-2016  
7 http://www.mspas.gob.gt/index.php/en/mspas/noticias/1239-comunicado-ante-la-epidemia-del-virus-

zika.html?tmpl=component&print=1&layout=default&page=  
8 http://www.mspbs.gov.py/v3/paraguay-reporta-sus-dos-primeros-casos-de-microcefalia-asociados-al-zika/  
9 http://www.salud.gov.pr/Estadisticas-Registros-y-Publicaciones/Informes%20Arbovirales/Informe%20ArboV%20semana%2041-2016.pdf  
10 http://www.nejm.org/doi/pdf/10.1056/NEJMoa1600651   
11 http://www.cdc.gov/zika/geo/pregnancy-outcomes.html  



Feature Details 

Microcephaly  ▪ Defined as occipitofrontal circumference <3rd percentile 
 ▪ Both proportionate and disproportionate microcephaly can occur

Other cranial dysmorphisms  ▪ Craniofacial disproportion 
 ▪ Overriding cranial sutures 
 ▪ Craniosynostosis 
 ▪ Cutis gyrata (redundant scalp)

Ocular abnormalities  ▪ Focal pigmentary mottling 
 ▪ Chorioretinal atrophy 
 ▪ Optic nerve abnormalities 
 ▪ Microphthalmia Hearing loss  ▪ Sensorineural hearing loss

Arthrogryposis  ▪ Congenital contractures (arthrogryposis) 
 ▪ Unilateral or bilateral club foot

Neuromotor abnormalities  ▪ Hypertonia/spasticity 
 ▪ Hyperreflexia 
 ▪ Irritability 
 ▪ Dysphagia and feeding difficulties

Seizures  ▪ Focal or generalized

Small size for gestational age  ▪ Defined as birth weight <10th percentile for gestational age

Neuroimaging abnormalities  ▪ Intracranial calcifications (most commonly at the junction between the cortical 
and subcortical white matter) 

 ▪ Ventriculomegaly 
 ▪ Reduced brain volume 
 ▪ Delayed myelination 
 ▪ Simplified gyral patterns (eg, polymicrogyria, pachygyria) 
 ▪ Hypogenesis of the corpus callosum 
 ▪ Hypoplasia of the brainstem and cerebellum 
 ▪ Enlargement of the cisterna magna 
 ▪ Increased extra-axial fluid

Clinical features of congenital Zika syndrome



Ocular abnormalities 
in CZS

JAMA Ophthalmol. 2016 Feb 9



Hearing loss in CZS
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Prolonged Shedding of Zika Virus  
Associated with Congenital Infection

To the Editor: The presence of Zika virus (ZIKV) 
infection has been associated with microcephaly 
in multiple studies,1-3 although little is known 
about ZIKV shedding in congenitally infected in-

fants. We report a case of a newborn who had 
continued viremia with ZIKV for at least 67 days 
after birth.

On January 2, 2016, a male child was born with 

Figure 1. Clinical Timeline and Tomographic Findings in an Infant with Congenital ZIKV Infection.

Panel A shows the clinical timeline of pregnancy and delivery events and examinations, indicating the results of testing of serum, urine, and 
saliva obtained from the newborn for Zika virus (ZIKV) on quantitative real-time polymerase-chain-reaction (qRT-PCR) assay. Also outlined 
are the main ZIKV-related events, as shown in color-coded text with respect to the illnesses of the mother and the father and the delivery 
and clinical investigation of the infant. CMV denotes cytomegalovirus, EBV Epstein–Barr virus, USG ultrasonography, and VDRL Venereal 
Disease Research Laboratory test for syphilis. Panel B shows the skull tomography of the newborn. Head computed tomographic scans  
(CT 1 and CT 2) and magnetic resonance imaging scans (MRI 3, MRI 4, and MRI 5) highlight reduced brain parenchyma and multiple calci-
fications (arrows), notably in the frontal and parietal lobes, with compensatory dilatation of the infratentorial supraventricular system.
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during the week in question, expressed as pI(wI), we 
assumed that wI was proportional to the number of 
consultations (Iw

I
) for suspected infection with Zika virus 

in that week: 

The parameter γ indicates the fi nal attack rate. In our 
baseline scenario, γ was estimated from the serological 
study that was done after the end of the Zika virus 
outbreak.

Once the temporal trends of infection with Zika virus 
had been calculated, we used the model to predict 
trends in microcephaly under diff erent assumptions 
about the period of risk in pregnancy. This process 
required modelling of the duration of pregnancy for 
microcephaly cases to take medical abortions into 
account (appendix).

For each model variant, we obtained maximum 
likelihood estimates of model parameters with a 
simulated annealing algorithm.29 The likelihood ratio 
method30 was used to compare the diff erent period-of-risk 
models with the no association model and to derive 
95% CIs. Otherwise, the Akaike information criterion 
with a correction for small sample size (AICc) was used.31 
The smallest AICc indicates the best-fi tting model. 
Diff erences in AICc values of 4 or greater indicate 
substantial improvement in model fi t.31

In a sensitivity analysis, we explored scenarios in which 
the fi nal attack rate was 50%, 60%, 70%, or 80% and the 
weekly number of births was 60 or 100. We also fi tted a 
saturated model in which the risk of microcephaly was 
estimated for each trimester of pregnancy (appendix).

Technical details are provided in the appendix and the 
key modelling assumptions are presented in the panel. 
All statistical analyses were done in R version 3.0.2.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
The outbreak began in October, 2013 (week 41), peaked in 
December, 2013, and ended in April, 2014 (fi gure 1). By 
the end of the outbreak, public health offi  cials had 
recorded 8750 suspected infections with Zika virus, of 
which 383 (4⋅4%) were confi rmed in the laboratory. More 
than 31 000 patients were estimated to have sought 
consultations for suspected Zika virus infection during 
this outbreak (fi gure 1).32

Before this outbreak, the seroprevalence of Zika virus 
had been 0⋅8%.27 By the second half of the outbreak 

Figure 2: Attack rate and strength of the association between infection with 
Zika virus and microcephaly in French Polynesia
(A) Final attack rate (95% CI) based on seroprevalence after the end of the 
outbreak. (B) Baseline prevalence of microcephaly (number per 10 000 neonates) 
and risk of microcephaly associated with Zika virus infection in mothers (number 
per 10 000 women infected in the fi rst trimester of pregnancy). T=trimester.
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Findings

Mother’s age at beginning of pregnancy (years) 29·2 (24·3–34·1)

Sex of fetus or neonate

Male 6 (75%)

Female 2 (25%)

Pregnancy outcome

Medical termination 5 (62·5%)

Birth 3 (37·5%)

Gestational age at end of pregnancy (weeks)

Medical termination 30·1 (26·1–31·4)

Birth 38·0 (37·2–39·5)

Data are median (IQR) or number (%).

Table 1: Characteristics of mothers and of fetuses or neonates with 
microcephaly

Baseline 
prevalence of 
microcephaly per 
10 000 neonates

Number of 
microcephaly 
cases per 
10 000 women 
infected in the 
period of risk

Risk ratio (95% CI) p value* AICc for 
model fi t†

Trimester 1 2 (0–8) 95 (34–191) 53·4 (6·5–1061·2) 0·0007 0

Trimesters 1 
and 2

2 (0–8) 50 (17–101) 26·4 (3·0–352·0) 0·0015 1·37

Trimesters 1, 2, 
and 3

2 (0–9) 42 (13–86) 20·8 (2·1–424·1) 0·0032 2·73

Trimester 2 4 (0–12) 84 (12–196) 23·2 (1·4–407·8) 0·02 5·76

Trimesters 2 
and 3

4 (0–13) 53 (0–135) 11·9 (0–177·5) 0·05 7·67

Trimester 3 10 (3–18) 0 (0–251) 0 (0–49·3) 1·0 11·43

No association 10 (5–18) ·· ·· ·· 7·15

Six scenarios were considered for the “period of risk” during pregnancy when infection of the mother with Zika virus 
might increase the risk of microcephaly. A last scenario assumed no association between infection and microcephaly. 
AICc=Akaike information criterion with a correction for small sample size. *Compared with no association. †Quality of 
fi t increases with decreasing value, with diff erences in values ≥4 indicating substantial improvement in fi t.31 

Table 2: Prevalence and risk of microcephaly associated with Zika virus infection for diff erent periods of 
risk during pregnancy 

pI (wI) = γ
Σ
Iw

Iw
w

I
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Association between Zika virus and microcephaly in French 
Polynesia, 2013–15: a retrospective study
Simon Cauchemez, Marianne Besnard, Priscillia Bompard, Timothée Dub, Prisca Guillemette-Artur, Dominique Eyrolle-Guignot, Henrik Salje, 
Maria D Van Kerkhove, Véronique Abadie, Catherine Garel, Arnaud Fontanet*, Henri-Pierre Mallet*

Summary
Background The emergence of Zika virus in the Americas has coincided with increased reports of babies born with 
microcephaly. On Feb 1, 2016, WHO declared the suspected link between Zika virus and microcephaly to be a Public 
Health Emergency of International Concern. This association, however, has not been precisely quantifi ed.

Methods We retrospectively analysed data from a Zika virus outbreak in French Polynesia, which was the largest 
documented outbreak before that in the Americas. We used serological and surveillance data to estimate the 
probability of infection with Zika virus for each week of the epidemic and searched medical records to identify all 
cases of microcephaly from September, 2013, to July, 2015. Simple models were used to assess periods of risk in 
pregnancy when Zika virus might increase the risk of microcephaly and estimate the associated risk.

Findings The Zika virus outbreak began in October, 2013, and ended in April, 2014, and 66% (95% CI 62–70) of the 
general population were infected. Of the eight microcephaly cases identifi ed during the 23-month study period, seven 
(88%) occurred in the 4-month period March 1 to July 10, 2014. The timing of these cases was best explained by a 
period of risk in the fi rst trimester of pregnancy. In this model, the baseline prevalence of microcephaly was two cases 
(95% CI 0–8) per 10 000 neonates, and the risk of microcephaly associated with Zika virus infection was 95 cases 
(34–191) per 10 000 women infected in the fi rst trimester. We could not rule out an increased risk of microcephaly 
from infection in other trimesters, but models that excluded the fi rst trimester were not supported by the data.

Interpretation Our fi ndings provide a quantitative estimate of the risk of microcephaly in fetuses and neonates whose 
mothers are infected with Zika virus.

Funding Labex-IBEID, NIH-MIDAS, AXA Research fund, EU-PREDEMICS.

Introduction
Zika virus is an arthropod-borne virus in the genus of 
Flavivirus.1 Since identifi cation of Zika virus infection in 
Brazil in May, 2015, the virus has spread throughout the 
Americas. Up to Feb 19, 2016, 28 countries of the region 
had reported cases.2 Although infection with Zika virus 
often leads to mild disease, its emergence in the Americas 
has coincided with a steep increase in patients developing 
Guillain-Barré syndrome (an autoimmune disorder that 
causes acute or subacute fl accid paralysis) and the birth 
of babies with neurological complications, such as 
congenital microcephaly.3–5

Congenital microcephaly is a neurological abnormality 
that is present at birth and defi ned as head circumference 
at least 2 SD smaller than the mean for sex, age, and 
ethnicity,6 with head circumference at least 3 SD smaller 
being deemed severe.7 Microcephaly might occur alone 
or in combination with other abnormalities. The 
condition is associated with a reduction in brain volume 
and frequently with intellectual disabilities, motor 
disabilities, or both, including speech impairment,8 poor 
neurocognitive outcome,9 and behavioural issues.10 
Causes include genetic11 or environmental factors12 
during pregnancy that aff ect fetal brain development.13 
Prenatal viral infections (eg, rubella or cytomegalovirus),14 
maternal alcohol use,15 and hypertensive disorders16 have 

been associated. Cases have also been reported after 
intrauterine infection with West Nile virus (another 
fl avivirus)17 and chikungunya virus.18

On Feb 1, 2016, WHO declared the suspected link 
between Zika virus and microcephaly to be a Public 
Health Emergency of International Concern.19 To reduce 
the risk of microcephaly, women who were pregnant and 
of childbearing age were recommended to avoid 
travelling to aff ected countries, to use condoms with 
partners returning from aff ected countries, and to delay 
pregnancy.20,21 The amount of monitoring that is required 
for pregnant women during Zika virus epidemics is 
being investigated. Ideally, clinical management, 
individuals’ decisions regarding family planning, and the 
response of the broader public health community would 
be informed by precise calculations of the risk of 
microcephaly in fetuses and neonates whose mothers 
have been infected with Zika virus. However, although 
evidence of an association is growing,22,23 this risk has not 
yet been clearly quantifi ed.

Timely assessment of this association from data 
gathered in an ongoing epidemic, such as that in the 
Americas, poses potential diffi  culties. First, delays might 
occur between infection of mothers with Zika virus and 
the diagnosis of microcephaly in fetuses or neonates. 
Ascertainment of all potentially associated cases, 
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Clinical and serologic evidence indicate that 2 American scientists contracted Zika virus infections while 

working in Senegal in 2008. One of the scientists transmitted this arbovirus to his wife after his return 

home. Direct contact is implicated as the transmission route, most likely as a sexually transmitted 

infection. 

Zika virus (ZIKV), a mosquito-transmitted flavivirus, has been isolated from sentinel 

monkeys, mosquitoes, and sick persons in Africa and Southeast Asia (1,2). Serologic surveys 

indicate that ZIKV infections can be relatively common among persons in southeastern Senegal 

and other areas of Africa, but that ZIKV-associated disease may be underreported or 

misdiagnosed. In 2007, a large outbreak of ZIKV infection occurred on Yap Island in the 

southwestern Pacific that infected |70% of the island’s inhabitants (3), which highlighted this 

virus as an emerging pathogen. The purpose of this study was to investigate and report 3 unusual 

cases of arboviral disease that occurred in Colorado in 2008. 
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First report of sexually 
transmitted ZIKV infection



In December 2013, during a Zika virus (ZIKV) outbreak in 
French Polynesia, a patient in Tahiti sought treatment for 
hematospermia, and ZIKV was isolated from his semen. 
ZIKV transmission by sexual intercourse has been previ-
ously suspected. This observation supports the possibility 
that ZIKV could be transmitted sexually.

Zika virus (ZIKV) is a mosquitoborne arbovirus in the 
family Flaviviridae, genus Flavivirus��,W�ZDV�¿UVW�LVR-

lated in 1947 from a rhesus monkey in the Zika forest of 
Uganda (1). Sporadic human cases were reported from the 
����V�LQ�$VLD�DQG�$IULFD��7KH�¿UVW�UHSRUWHG�ODUJH�RXWEUHDN�
occurred in 2007 on Yap Island, Federated States of Micro-
nesia (2). The largest known ZIKV outbreak reported start-
HG�LQ�2FWREHU������LQ�)UHQFK�3RO\QHVLD��6RXWK�3DFL¿F��3), 
a territory of France comprising 67 inhabited islands; an 
estimated 28,000 persons (11% of the population) sought 
medical care for the illness (4). The most common symp-
toms of Zika fever are rash, fever, arthralgia, and conjuncti-
vitis. Most of the patients had mild disease, but severe neu-
rologic complications have been described in other patients 
in French Polynesia (5).

The Study
In early December 2013, during the ZIKV outbreak, a 
44-year-old man in Tahiti had symptoms of ZIKV infec-
tion: asthenia, low grade fever (temperature from 37.5°C to 
38°C) and arthralgia. Symptoms lasted 3 days. Eight weeks 
later, he described a second episode of symptoms compati-
ble with ZIKV infection: temperature from 37.5°C to 38°C, 
headache on days 1–3, and wrist arthralgia on days 5–7. 
The patient did not seek treatment, thus biological samples 
ZHUH�QRW�FROOHFWHG�GXULQJ�WKH�¿UVW���SHULRGV�RI�LOOQHVV��7KH�
patient fully recovered from the second episode, but 2 
weeks later he noted signs of hematospermia and sought 
treatment. Because the patient had experienced symptoms 
of ZIKV infection some weeks before, he was referred to 
our laboratory in the Institut Louis Malardé, Papeete, Ta-
hiti for ZIKV infection diagnostic testing. The medical 
questionnaire revealed no signs of urinary tract infection, 
prostatitis, urethritis, or cystitis, and the patient stated that 
he did not had any recent physical contact with persons 
who had acute ZIKV infection. We collected blood and se-
men samples. Direct and macroscopic examinations of the  

VHPHQ�FRQ¿UPHG�KHPDWRVSHUPLD��:H�H[WUDFWHG�51$�XV-
LQJ�WKH�1XFOL6(16�HDV\0$*�V\VWHP��ELR0pULHX[��0DUF\�
O¶(WRLOH��)UDQFH�� IURP�����ȝ/�RI�EORRG�DQG�IURP�����ȝ/�
RI�VHPHQ�DQG�XULQH��ERWK�ZHUH�HOXWHG�E\����ȝ/�RI�HOXWLRQ�
EXIIHU��:H�XVHG���ȝ/�RI�51$�H[WUDFWHG�IRU�DPSOL¿FDWLRQ��
:H�WHVWHG�EORRG�DQG�VHPHQ�51$�H[WUDFWV�XVLQJ�UHDO�WLPH�
UHYHUVH� WUDQVFULSWLRQ� 3&5� �U57�3&5�� DV� GHVFULEHG� XVLQJ�
��SULPHUV�SUREH� DPSOL¿FDWLRQ� VHWV� VSHFL¿F� IRU�=,.9� �3). 
7KH� U57�3&5� UHVXOWV� ZHUH� SRVLWLYH� IRU� =,.9� LQ� VHPHQ�
DQG� QHJDWLYH� LQ� EORRG�� DQG� FRQ¿UPHG� E\� VHTXHQFLQJ� RI�
the genomic position 858–1138 encompassing the prM/E 
protein coding regions of ZIKV. The generated sequence 
�*HQ%DQN�DFFHVVLRQ�QR��.0��������ZDV�LGHQWLFDO�WR�WKRVH�
previously reported at the beginning of the ZIKV outbreak 
(3). Three days later, we collected a urine sample, then a 
second set of blood and semen samples. Semen and urine 
from this second collection were not found to contain trac-
es of blood by both direct and macroscopic examinations. 
U57�3&5�GHWHFWHG�=,.9�51$�LQ�WKH�VHPHQ�DQG�XULQH��EXW�
not in the blood sample.

:H�TXDQWL¿HG�=,.9�51$�ORDGV�XVLQJ�DQ�51$�V\Q-
thetic transcript standard that covers the region targeted 
E\�WKH���SULPHUV�SUREH�VHWV��51$�ORDGV�ZHUH������î���7 
FRSLHV�P/�DQG�����î���7�FRSLHV�P/�LQ�WKH�¿UVW�DQG�VHFRQG�
VHPHQ�VDPSOHV��UHVSHFWLYHO\��DQG�����î���3 copies/mL in 
the urine sample.

We cultured semen and urine as described for den-
gue virus cultured from urine (6���%ULHÀ\������ȝ/�RI�HDFK�
VDPSOH�GLOXWHG� LQ�����ȝ/�RI� ��� IHWDO� FDOI� VHUXP� �)&6��
minimum essential medium (MEM) were inoculated 
onto Vero cells and incubated for 1 h at 37°C; inoculum 
was then removed and replaced by 1 mL of culture me-
GLXP��:H�DOVR� LQRFXODWHG�D�QHJDWLYH�FRQWURO� �����ȝ/�RI�
���)&6�0(0��DQG�D�SRVLWLYH�FRQWURO����ȝ/�RI�D�=,.9�
SRVLWLYH�VHUXP�GLOXWHG�LQ�����ȝ/�RI����)&6�0(0���7KH�
cells were then incubated at 37°C in 5% CO2 for 6 days. 
7KH�SUHVHQFH�RI�=,.9�LQ�WKH�FXOWXUH�ÀXLGV�ZDV�GHWHFWHG�
E\�U57�3&5�DV�GHVFULEHG�

5HSOLFDWLYH�=,.9�SDUWLFOHV�ZHUH�IRXQG�LQ�WKH���VHPHQ�
samples but none were detected in the urine sample. This 
¿QGLQJ�GRHV�QRW�H[FOXGH�WKH�SRVVLELOLW\�WKDW�=,.9�SDUWLFOHV�
were present in urine. Positive samples were not titered.

Conclusions
The ZIKV natural transmission cycle involves mosquitoes, 
especially Aedes spp. (7), but perinatal transmission (8)  
and potential risk for transfusion-transmitted ZIKV infec-
tions has also been demonstrated (9). Moreover, ZIKV 

� (PHUJLQJ�,QIHFWLRXV�'LVHDVHV���ZZZ�FGF�JRY�HLG���9RO������1R�����)HEUXDU\������ ���
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ZIKV detected in semen 62 days after onset
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blood and genital samples of RNA 
results could occur.

Our findings raise the threat of a 
woman potentially becoming a chronic 
Zika virus carrier, with the female 
genital tract persistently expressing 
the virus RNA. Additional studies are 
underway to answer those essential 
questions and to assess what would 
then be the consequences for women 
of child-bearing age.
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Zika virus in the female 
genital tract
The first human Zika virus infection 
was documented in Nigeria in 1954, 
with very few documented infections 
after this initial report, until the virus 
outbreak in 2007 on Yap Island in the 
western Pacifi c Ocean. The infection is 
usually asymptomatic but symptoms 
can consist of fever, maculopapular 
rash, arthralgia, and conjunctivitis.

Zika virus infection has been 
associated with adverse fetal out comes, 
including congenital micro cephaly, 
and could lead to pregnancy loss, as 
was described in a mouse model.1,2 
Presence of Zika virus has been shown 
in amniotic fl uid, which suggests that 
the virus can cross the placental barrier.3 
Zika virus has been isolated from 
several other body fluids, including 
blood, urine, saliva, breastmilk, and 
semen.1 Presence of Zika virus in semen 
was reported after infection and has 
been shown to persist even after it is 
undetectable in blood or urine. Sexual 
transmission has been described in 
several publications,1,4 as man-to-
woman or man-to-man transmission.

However, no data are available on 
the presence of Zika virus in the female 
genital tract. Thus, the detection of 
Zika virus in the female genital tract, 
its clearance kinetics, and its possible 
persistence would be of utmost 
importance in the assessment of 
woman-to-man sexual transmission 
of the Zika virus, and it could also help 
clarify the process of mother-to-child 
vertical transmission.

We describe the case of a woman 
(aged 27 years) whose Zika virus infec-
tion was identified in May, 2016, at 
the Pointe à Pitre University Hospital 
(Guadeloupe, France)—an offi  cial area 
of Zika virus outbreak since late April, 
2016.

The patient presented with clinical 
symptoms of fever, maculopapular 
rash, and conjunctivitis, typical of an 
arbovirus infection, and recovered 
within a few days. Molecular tools 
were used to rapidly diagnose Zika 

virus infection (RealStar Zika Virus 
RT-PCR Kit 1.0; Altona Diagnostics 
GmbH, Hamburg, Germany), and the 
patient tested positive for Zika virus in 
the blood sample and negative in the 
urinary sample.

The patient was monitored for oocyte 
cryo preservation, because we follow 
the French Agence de la Biomedecine 
(ABM) recom mendations for infertile 
patients in Zika virus-infected areas.5 
Her stimu lation protocol was then 
terminated and she agreed to continue 
with the ABM recommendations of safe 
sex with systematic condom use.

A genital swab, an endocervical swab, 
and a cervical mucus sample were 
collected for RNA Zika virus analysis 
3 days after the onset of symptoms; 
these samples were all positive for 
the presence of Zika virus RNA. On 
day 11 after the onset of symptoms, 
the patient’s blood and urinary samples 
tested negative, whereas her cervical 
mucus still tested positive for the 
presence of Zika virus RNA (table).

We report for the first time the 
presence of Zika virus in the genital 
tract of a woman who was infected 
with Zika virus, and its possible genital 
persistence after its disappearance from 
blood and urine samples.

Although we have not tested the 
infectiousness of a locally situated 
vaginal virus, its very presence in the 
female genital tract poses notable 
challenges, implying that sexual 
transmission from women to men 
could occur, as is the case for other viral 
infections. Zika virus presence in the 
female genital tract also means that 
vertical transmission from mother to 
fetus needs to be assessed, since this 
virus is a member of the Flaviviridae 
family, which includes hepatitis C, 
in which vertical transmission from 
mother to child can occur in up to 10% 
of pregnancies. 

The duration of Zika virus persistence 
in the female genital tract and its 
clearance after the disappearance of 
the symptoms are unknown. Mirroring 
what was reported in the male genital 
tract, a possible dissociation between 

Symptom onset, 
May 9, 2016

Genital testing, 
May 12, 2016

Follow-up, 
May 20, 2016

Blood + ·· –

Urine – ·· –

Cervical mucus ·· + +

Endocervical swab ·· + ··

Genital swab ·· + ··

+=positive for Zika virus. –=negative for Zika virus. ··=test not done at the time.

Table: RT-PCR Zika virus results
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ZIKV detected in female genital 
tract 11 days after onset  

Female to Male transmission 
reported 



ZIKV detected in vaginal secretions 14days after onset
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The current Zika virus outbreak and its potential 
severe health consequences, especially congenital 
fetal syndrome, have led to increased concern about 
sexual transmission, especially in pregnant women 
and women of reproductive age. Here we report a 
case of Zika virus sexual transmission, likely male-to-
female, in a totally asymptomatic couple.

Zika virus (ZIKV) is a mosquito-borne flavivirus trans-
mitted by Aedes species [1,2]. It is also the first fla-
vivirus known to be sexually transmittable between 
symptomatic patients [3-6]. We here report a ZIKV sex-
ual transmission in a couple returning from Martinique, 
whereby both partners were asymptomatic.

Description of cases
A couple wishing to have children was referred to our 
Assisted Reproduction Treatment (ART) centre for in 
vitro fertilisation with donor semen (IVF-D), as the male 
partner had non-obstructive azoospermia. The couple 
presented for a first consultation in early February 2016 
in preparation of an IVF-D cycle scheduled two months 
later. Until this time, they had planned to spend a two-
week holiday in early March in the French overseas 
department and region of Martinique, which is an epi-
demic area for ZIKV [7].

On the day before the first consultation, guidelines 
issued by the French governmental agency regulating 
ART, had been released concerning ZIKV. In the case of 
the couple, these guidelines recommended that both 
partners be tested for ZIKV RNA by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) in blood and 
urine samples at least 28 days after they came back 
from Martinique [8]. In addition, at the same occasion 
and according to the guidelines, samples of the man’s 
seminal plasma and sperm cell suspension obtained 

after sperm preparation on gradient were also to be 
tested for ZIKV RNA by RT-PCR [8]. The couple was thus 
informed that the IVF-D cycle would be delayed and an 
appointment for the ZIKV RNA tests was scheduled 39 
days after their return from the holiday (Figure). 

Virological diagnosis was performed as previously 
described [3]. The woman tested positive for ZIKV RNA 
by RT-PCR in blood (i.e. serum) and urine samples. The 
man tested negative for ZIKV RNA in blood, but posi-
tive in urine and seminal plasma. Sperm cell suspen-
sion was not tested for ZIKV, as he was azoospermic. 
Serological analysis for the man indicated the presence 
of anti-ZIKV IgM (absence of anti-dengue IGM) and anti-
flaviviruses IgG. At the time of the consultation and 
during the following week, both partners reported hav-
ing no clinical symptoms of ZIKV infection during and 
after their stay in Martinique (i.e. no fever, cutaneous 
manifestation, arthritis, nor myalgia).

As Ae. albopictus and Ae. aegypti are not established 
in Brittany where the patients lived, the hypothesis 
of a local vector-borne infection was excluded. Due to 
the absence of clinical symptoms, the probable date 
of exposure to ZIKV could not be determined from the 
incubation period range. Instead, we used data from 
a systematic review of the time of viral clearance esti-
mating that 5% of cases will have no detectable virus 
in the blood by 2.4 days after infection and 95% by 
18.9 days [9]. The results of the blood tests, whereby 
the man tested negative for the virus, while the woman 
tested positive, pointed to him having been infected 
before her. The most likely period of exposure to ZIKV 
for the man was during his stay in Martinique. The 
woman was found to be viraemic in blood 39 days after 
her return, which if she had been infected at any time 
during the holiday trip would correspond to at least 20 

2 reports sexually transmitted from  
asymptomatic male to female



Risk assessment about 
sexual transmission

• ZIKV sexual transmission is not rare 

• Male to Female, Female to Male, Male to Male reported. 

• Unknown how long do they continue to be infectious 

• ZIKV detected in saliva, however unknown whether it is 
infectious or not 

• Transmission could happen from completely 
asymptomatic male to female



Interim Guidance for Preconception Counseling and 
Prevention of Sexual Transmission of Zika Virus for 

Persons with Possible Zika Virus Exposure

male female

For Pregnant Women and 
Their Partners during pregnant

Not 
pregnant

confirmed or 
symptomatic 6 months 8 weeks

No symptoms 6 months 8 weeks

Live in Areas with 
Active Zika Virus 
Transmission

should be counseled

MMWR Morb Mortal Wkly Rep. 2016 Oct 7;65(39):1077-1081.
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presumably due to her ongoing immunosuppres-
sive therapy. Although neither patient reported 
symptoms associated with ZIKV infection dur-
ing the investigation, these data show evidence 
for ZIKV transmission by means of platelet 
transfusion.
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Donor or 
Patient† Molecular Testing Serologic Testing

ZIKV (Ct)‡ CHIKV DENV PRNT§ IFA IgG¶ ZIKV POC∥ DENV-Capture ELISA**

Plasma Urine Plasma Plasma ZIKV ZIKV DENV IgM IgG IgM IgG

Donor

Day −3 Pos (23) Neg Neg

Day 11 Neg Pos (33) Neg Neg 1:1280 ++ +/− Pos (143) Pos (239) Pos (1.4) Neg (0.5)

Patient 1

Day −4 Neg Neg Neg − +++ Neg (7) Pos (57) Neg (0.6) Pos (5.0)

Day 6 Pos (33) Neg Neg + ++++ Neg (9) Sus (32) Neg (0.7) Pos (4.9)

Day 31 Neg 1:2560 ++++ ++++ Sus (33) Pos (335) Pos (2.3) Pos (5.4)

Patient 2

Day −1 Neg Neg Neg

Day 1 Neg Neg Neg

Day 23 Pos (36) Neg Neg Neg 1:40 − − Neg (7) Sus (20) Neg (0.1) Neg (0.3)

Day 51 Neg/Pos†† 1:20 ++ +/− Neg (4) Neg (17) Neg (0.2) Neg (0.3)

Day 71 Neg Neg (12) Neg (5)

*  CHIKV denotes chikungunya virus, DENV dengue virus, ELISA enzyme-linked immunosorbent assay, IFA indirect immunofluorescence assay, 
Neg negative, POC point of care, Pos positive, PRNT plaque-reduction neutralization test, Sus suspected infection, and ZIKV Zika virus.

†  Day 0 was January 19, 2016, the date of transfusion for both recipients.
‡  Ct denotes the threshold cycle (indicated by the values in parentheses) at which the result on reverse-transcriptase–polymerase-chain-reaction 

(RT-PCR) assay was positive.
§  PRNT values represent the serum dilution causing plaque reductions of 90%.
¶  IFA intensity ranges from low (+) to high (++++).
∥  The values in parentheses are measures of test-band intensity in arbitrary units, with results classified as negative (<20 units), suspected 

infection (20 to 39 units), and positive (≥40 units).
**  The values in parentheses are the sample optical density divided by the assay cutoff.
††  The positive result on day 51 was obtained in a sample that had four times the starting volume on RT-PCR.

Table 1. Results of Molecular and Serologic Testing of Samples Obtained from the Platelet Donor and the Two Recipients.*

The New England Journal of Medicine 
Downloaded from nejm.org on August 30, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 

C o r r e s p o n d e n c e

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med  nejm.org 1

Evidence for Transmission of Zika Virus by Platelet Transfusion

To the Editor: Zika virus (ZIKV) is a mosquito-
borne virus that has important secondary means 
of transmission that include perinatal and sexual 
modes.1-3 The potential for transmission in trans-
fused donated blood components has been a 
concern owing to the detection of ZIKV viremia 
in healthy blood donors.4

This report from Brazil describes two cases 
of likely ZIKV transmission by blood transfusion 
from one presymptomatic infected person who 
donated platelets by apheresis on January 16, 
2016. The two leukodepleted platelet units were 
irradiated with 25 Gy delivered by an IBL-437C 
gamma irradiator (Cis Bio International) and 
were transfused in different patients on January 
19 (day 0). On January 21, the donor called the 
blood bank to report a cutaneous rash, retro-
orbital pain, and pain in both knees that had 
begun on January 18. An investigation was initi-
ated under the hospital’s clinical protocol for 
transfusion-associated adverse events, with the 
donor and both patients providing written in-
formed consent.

Two samples that were obtained from the 
donor before and after donation were negative 
for chikungunya virus (CHIKV) and dengue virus 
(DENV) on reverse-transcriptase–polymerase-
chain-reaction (RT-PCR) assay, but the index 
plasma and urine samples 14 days later were posi-
tive for ZIKV (Table 1). (Details of the methods 
that were used and results are provided in the 
Supplementary Appendix, available with the full 
text of this letter at NEJM.org.) Serologic analy-
sis by means of point-of-care testing, in-house 
indirect immunofluorescence assay (IFA), and 
plaque-reduction neutralization testing (PRNT) 
confirmed the presence of acute ZIKV infection 
in the donor.

The first recipient (Patient 1) was a 54-year-
old woman with the primary myelofibrosis syn-
drome. The second recipient (Patient 2) was a 
14-year-old girl with acute myeloid leukemia 
who had undergone haploidentical bone marrow 
transplantation on January 6, after which she 
had been receiving continuous immunosuppres-

sive therapy. Routine pretransfusion samples ob-
tained from the two patients were negative on 
PCR assay for CHIKV, DENV, and ZIKV, but 
samples collected 6 days after platelet transfu-
sion in Patient 1 and 23 to 51 days after platelet 
transfusion in Patient 2 were positive for ZIKV 
on PCR assay.

Molecular sequencing and phylogenetic analy-
sis of ZIKV RNA isolated from the donor and 
from the two patients confirmed the identity of 
their ZIKV isolates, with nucleotide changes in the 
envelope gene (codons 11 and 186) shared only 
by the donor and platelet recipients among avail-
able isolates from Brazil (GenBank accession 
numbers, KX173840, KX173841, KX173842, and 
KX173844) (Table S1 in the Supplementary Ap-
pendix). Against a backdrop of a high degree of 
conservation (>99% nucleotide identity) of ZIKV 
isolates in the Western Hemisphere,5 the possibil-
ity of a single spatiotemporal cluster of mosquito-
acquired cases was further undermined by the 
fact that Patient 2 lived 200 km away from Rio 
de Janeiro. Although neither patient was hospi-
talized in the period immediately preceding viral 
detection and thus could have been exposed to 
aedes mosquitoes contemporaneously with the 
platelet transfusions, the temporal coincidence 
of the infection (shortly after ZIKV diagnosis in 
the donor) and the phylogenetic identity of ZIKV 
samples that were recovered strongly favor trans-
fusion as the source of the infection.

Serologic data supported the findings from 
the molecular analysis. All the samples obtained 
from Patient 1 showed antibody reactivity to 
DENV-2 on both IFA and IgG-capture enzyme-
linked immunosorbent assay, findings that were 
consistent with her report of a history of dengue 
fever. Seroconversion to ZIKV was evident in both 
IFA IgG and point-of-care results; her PRNT titer 
on day 31 was 1:2560. For Patient 2, reactivity on 
IFA developed between 23 and 51 days after 
transfusion, as did a modest neutralizing anti-
body titer. The limited cross-reactivity to DENV-2 
suggests ZIKV as the primary flavivirus infection. 
The limited antibody response in Patient 2 was 
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Mysterious case of ZIKV infection without obvious exposure 
・No exposure of mosquitos in ZIKV endemic countries 
・No sexual exposure with patients of ZIKV infection 
・The case had provided care to the patient of ZIKV 

infection(with high level viremia)
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Fatal Zika Virus Infection with Secondary Nonsexual 
Transmission

To the Editor: Epidemic transmission of Zika 
virus (ZIKV) has rapidly occurred in the Ameri-
cas, with most cases limited to mild or asymp-
tomatic disease.1,2 To date, nine deaths from ZIKV 
infection that were unrelated to the Guillain–Barré 
syndrome have been confirmed in adults.1 Here, 
we report a rapidly progressive, fatal ZIKV infec-
tion acquired outside the United States and sec-
ondary local transmission in the absence of 
known risk factors for ZIKV infection.

Patient 1, a 73-year-old man who had emi-
grated to the United States from Mexico in 2003, 
was admitted to a hospital in Salt Lake City with 
hypotension and abdominal pain. Radiation 
therapy for stage IIB prostate cancer had been 
completed 1 month earlier, and he was receiving 
antiandrogen therapy but was otherwise not 
systemically immunocompromised. Eight days be-
fore admission, he had returned from a 3-week 
trip to the southwest coast of Mexico, where 
ZIKV transmission had been reported. He was 
well during his trip but reported being bitten by 
mosquitoes. After returning home, he reported 
having abdominal pain, pharyngitis, and fever, 
which was followed by conjunctivitis, nonbloody 
diarrhea, and myalgias.

On the day of admission, hypotension and dys-
pnea had developed. The patient was alert and 
oriented with no fever but with tachypnea and 
tachycardia. He remained hypotensive after the 
administration of intravenous fluids, and vasopres-
sors and broad-spectrum antibiotics were initiated. 
The physical examination was remarkable for 
marked erythematous conjunctivitis with profuse 
tearing and soft-palate petechiae, tachypnea, and 
moderate, diffuse abdominal pain with mild 
guarding. A tourniquet test (which is often per-
formed in patients in whom dengue is suspected) 
was negative.

Laboratory testing revealed metabolic acidosis, 
an elevated venous lactate level, renal insuffi-
ciency, mild hypoglycemia, elevated aminotrans-
ferase levels, leukocytosis with 44% band forms, 

anemia, and marked thrombocytopenia. (Details 
are provided in the Supplementary Appendix, avail-
able with the full text of this letter at NEJM.org.) 
Testing for malaria and blood cultures were nega-
tive. A presumptive diagnosis of dengue shock 
syndrome was made. The patient’s clinical dete-
rioration progressed, with progressive respira-
tory and renal failure, metabolic acidosis, and 
hepatitis. On day 4 of hospitalization, the pa-
tient died shortly after care was withdrawn.

Testing was negative for dengue virus (DENV) 
on polymerase-chain-reaction (PCR) assay. Sero-
logic analysis for DENV was consistent with re-
mote infection, with a highly elevated IgG level 
and an equivocal IgM level. Serum testing for 
ZIKV on real-time PCR assay was positive, with 
a threshold cycle of 17 and a very high estimated 
viral load of 2.0×108 ZIKV genome copies per 
milliliter. High-throughput sequencing of RNA 
revealed the presence of a ZIKV strain that shared 
99.8% of the genome sequence with a strain iso-
lated from a mosquito in Chiapas, Mexico, in 
2016 (Fig. 1). No other putative pathogen was 
detected by routine diagnostic testing and RNA 
sequencing.3

Five days after Patient 1 died, Patient 2, a previ-
ously healthy 38-year-old man with no known 
coexisting illnesses who had visited Patient 1 in 
the hospital, reported having conjunctivitis, fe-
vers, myalgia, and facial maculopapular rash. 
The rash became generalized but resolved within 
7 days. On day 7 after the onset of symptoms, 
urinalysis was positive for ZIKV but serum was 
negative on PCR assay. Serum IgM antibody to 
ZIKV was positive. Patient 2 reported having as-
sisted a nurse in repositioning Patient 1 in bed 
without using gloves. Patient 2 also reported hav-
ing wiped Patient 1’s eyes during the hospitaliza-
tion but reported having had no other overt 
contact with blood or other body fluids, includ-
ing splashes or mucous membrane exposure. No 
health care workers who had contact with Pa-
tient 1 reported having symptomatic illness.
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Take Home Message

• Mosquito-borne disease is global threat 

• DENV, CHIKV, ZIKV spreading all over the 
world, and spreading of ZIKV in Southeast 
Asia 

• Microcephaly caused by congenital ZIKV 
infection is serious problem


