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We report a Zika virus (ZIKV) infection in a patient with
fever and rash after returning to Finland from Maldives,
June 2015. The patient had dengue virus (DENV) IgG
and IgM antibodies but pan-flavivirus RT-PCR and sub-
sequent sequencing showed presence of ZIKV RNA in
urine. Recent association of ZIKV with microcephaly
highlights the need for laboratory differentiation of
ZIKV from DENV infection and the circulation of ZIKV in
areas outside its currently known distribution range.

Case report

A 37-year-old Finnish man returned with his family
from a half-a-year work-related stay in the Maldives
(in Dhiffushi island, situated in North Malé atoll as the
capital Malé) to Finland 16 June 2015, without any stop-
overs elsewhere. Two days later he became ill with flu-
like prodrome, mild fever and rash in the face and trunk,
as well as ocular pain and arthralgia; the symptoms
alleviated after a few days. He contacted occupational
health and due to suspicion of dengue, a serum sample
was taken 24 June, and it was positive for dengue virus
IgG (titer 1:1,280, in-house immunofluorescence assay
(IFA) test) and IgM (1.9/ cut-off 1.0, Dengue Virus IgM
Capture DxSelect ELISA, Focus Diagnostics, USA), but
negative for dengue virus (DENV) non-structural (NS) 1
antigen (Dengue NS1 Ag Strip Bio-Rad, France). Along
with the serum sample, a urine sample taken on 25
June, the following day, was received for flavivirus RNA
detection using a real-time pan-flavivirus NS5 nested
RT-PCR [1,2]. RNA from serum and urine samples was
extracted using QIAamp Viral RNA Mini Kit (Qiagen).

From the urine (but not the serum) an amplification
product was detected and subsequently sequenced
(160bp excluding primers, available from the authors
upon request). A BLAST search identified the sequence
as Zika virus (ZIKV) identical to Asian lineage strains
originating from EasterIsland 2014 [3], French Polynesia
2013 (GenBank KJ776791), Brazil 2015 (GenBank
KU321639) and Thailand 2013 [4] and in phylogenetic
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analyses the sequence clustered with these strains
(Figure). A PCR contamination in the laboratory is fur-
ther ruled out as no work with ZIKV has ever been con-
ducted, or any positive samples analysed previously in
the laboratory - or in the country as a whole.

The Asian cluster is shown in red and African clusters
as green and blue. Posterior probabilities are shown
only for basal nodes. All ZIKV sequences were down-
loaded from GenBank (5.1.2016) and sequences over-
lapping the partial NS5 gene sequence were included
in the analysis. The sequences were aligned using
ClustalW algorithm implemented in MEGA version 6.
For the sake of clarity, the identical sequences from
Easter Island were removed from the data set. The
best-fit substitution model was sought using MEGA
version 6. The phylogenetic tree was constructed using
Bayesian Monte Carlo Markov Chain (MCMC) method
implemented in BEAST version 1.8.0 using Tamura-Nei
(TN93+G) model of substitution, strict molecular clock
and constant population size demographic model. The
Bayesian analysis was run for 5o million states and
sampled every 1000 states. Posterior probabilities
were calculated with a burn-in of 5 million states and
checked for convergence using Tracer version 1.6.

Investigation of family members

Similar disease and mosquitoes were frequently
reported in the area at the beginning of the rainy sea-
son and generally interpreted as dengue. The patient’s
wife had experienced a mild febrile illness a couple of
weeks before departure. Serum samples obtained on 8
July, two weeks after confirmation of Zika virus in our
patient, from the patient’s wife and three children all of
less than 10 years of age, were negative for flavivirus
in pan-flavivirus NS5 nested RT-PCR. The children were
also DENV seronegative, but the wife had low positive
DENV 1IgG titer (1:20) and low positivity (1.3/ cut-off
1.0, Dengue Virus IgM Capture DxSelect ELISA, Focus
Diagnostics, USA) in DENV IgM test.
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FIGURE

Maximum clade credibility tree of partial Zika virus NS5 sequences

FinnishTraveler_Maldives-2015 <«
KMO078933_CHI1058514_Chile_Easter_lsland-2014
KU321639_ZikaSPH2015_Brazil-2015
KJ776791_H/PF/2013_French_Polynesia-2013
KMO078979_CHI2909014_Chile_Easter_lsland-2014
KMO078974_CHI2759514_Chile_Easter_lsland-2014
KMO078977_CHI2908714_Chile_Easter_lsland-2014

KF993678_PLCal_ZV_Thailand-2013
KF258813_Java-2012
JN860885_FSS13025-Cambodia-2010
EU545988_Micronesia-2007
HQ234499_P6-740_Malaysia-1966
——————— HQ234500_IbH_30656_Nigeria-1968
HQ234501_ArD_41519_Senegal-1984
KF383109_ArA2718_Burkina_Faso-1981
KF383117_ArD128000_Senegal-1997
KF383089_ArD165531__Senegal-2002
KF383090_ArD165522_Senegal-2002
KF383097_ArD127994_Senegal-1997
KF383100_ArD127984_Senegal-1997
1 r KF383099_ArD127987_Senegal-1997

KF383098_ArD127988_Senegal-1997
KF383101_ArD127710_Senegal-1997
KF383102_ArD127707_Senegal-1997

1 KF383113_ArA1465_Cote_dlvoire-1980
-E KF383084_HD78788_Senegal-1991

KF383116_ArD7117_Senegal-1968

KF383085_ArD9957_Senegal-1969

KF383114_AnD30332_Senegal-1997
KF383087_ArD30156_Senegal-1979
KF383088_ArD30101_Senegal-1979

KF383107_ArA27407_Cote_dlIvoire-1990
KF383108_ArA27290_Cote_dIvoire-1990
KF383110_ArA27106_Cote_dIvoire-1990
KF383106_ArA27443_Cote_dIvoire-1990
KF383112_ArA27096_Cote_dIvoire-1990

KF383111_ArA27101_Cote_dIvoire-1990

1

KF383115_ArB1362_Central_African_Republic-1968
KF268949_ARB15076_Central_African_Republic-1980
KF268950_ARB7701_Central_African_Republic-1976
KF268948_ARB13565_Central_African_Republic-1979

AY632535_MR_766_Uganda-1947
KF383104_ArA982_Cote_dlvoire-1999
KF383105_ArA506_Cote_dIvoire-1996

1 KF383103_ArA986_Cote_dlvoire-1999
KF383086_ArA975_Cote_dlvoire-1999
KF383118_ArD157995_Senegal-2001

E KF383119_ArD158084_Senegal-2001
KF383095_ArD132915_Senegal-1998
KF383096_ArD132912_Senegal-1998

KF383093_ArD149810_Senegal-2001
KF383094_ArD141170_Senegal-2000

=

KF383091_ArD149938_Senegal-2001
KF383092_ArD147917_Senegal-2001
KF383120_ArD142623_Senegal-2000

The Asian cluster is shown in red and African clusters as green and blue. Posterior probabilities are shown only for basal nodes. All ZIKV
sequences were downloaded from GenBank (5.1.2016) and sequences overlapping the partial NS5 gene sequence were included in the
analysis. The sequences were aligned using ClustalW algorithm implemented in MEGA version 6. For the sake of clarity, the identical
sequences from Easter Island were removed from the data set. The best-fit substitution model was sought using MEGA version 6. The
phylogenetic tree was constructed using Bayesian Monte Carlo Markov Chain (MCMC) method implemented in BEAST version 1.8.0 using
Tamura-Nei (TN93+G) model of substitution, strict molecular clock and constant population size demographic model. The Bayesian analysis
was run for 5o million states and sampled every 1000 states. Posterior probabilities were calculated with a burn-in of 5 million states and

checked for convergence using Tracer version 1.6.
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TABLE

Verified acute Zika virus infections from South/Southeast
Asia, 1977-2015

Country of origin Year Number of patients Reference
Indonesia 1977-1978 7 [27]
2013-2015 2 [31,32]

Cambodia 2010 1 [28]
Philippines 2012 1 [29]
Thailand 2012-2014 10 [4,23,30,33]
Malaysia 2014 1 [22]
Background

ZIKV is a mosquito-borne flavivirus originally isolated
in Uganda, 1947 [5]. ZIKV was associated with mild
febrile disease and maculo-papular rash in tropical
Africa and some areas of South East Asia. Since 2007
ZIKV has caused several outbreaks outside its former
distribution area in islands of the Pacific Ocean: in
2007 on Yap island (Federated States of Micronesia)
[6] and since 2013-14 in French Polynesia [7,8]. Since
2015, outbreaks have been reported for the first time
in South America (Brazil, Columbia) [9,10]. Two line-
ages of ZIKV, an African (subdivided to West African
and East African) and Asian lineage, which emerged in
the Pacific and the Americas, respectively, have been
identified on the basis of NS5 gene sequences [11].

The main transmission occurs in an urban cycle similar
as for dengue and chikungunya, with Aedes (Stegomyia)
mosquitoes as vectors [12]. Probable sexual transmis-
sion has been associated with ZIKV infection [13] and
ZIKV has been isolated, and ZIKV RNA detected from
semen samples [14]. Also transplacental transmission
of ZIKV during childbirth has been reported in the
French Polynesian outbreak [15].

Association with Guillain-Barré syndrome and more
recently to an emerging epidemic of congenital micro-
cephaly have increased the public health impact of
ZIKV infections [16,17].

Discussion and conclusions

As in our case, the DENV serology may be positive in
ZIKV patients due to cross-reactions between other
flaviviruses, and the ZIKV-specific RNA detection
methods or sequencing are best for confirmation. The
RT-PCR positivity from urine but not serum may sug-
gest that urine is better as a sample material for RNA
detection of ZIKV, and indeed the viral load in urine
has been shown to be higher and detectable for a
longer period, as compared to serum [18] in parallel to
dengue [19]. Our patient was found negative in DENV
NS1 Ag test, which in most DENV patients is positive
during the acute phase [20] yet a negative NS1 result
does not exclude DENV infection.
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The short sequence obtained from the patient con-
firmed the etiology of the infection as Zika virus and
suggested that the virus strain present in Maldives
is of the Asian lineage of ZIKV, and indistinguishable
within the amplified short fragment from the epidemic
strains reported from e.g. Easter Island and Brazil. Yet,
as we have so far been able to sequence only a short
part of the NS5 gene, more sequence information is
evidently needed.

ZIKV is an emerging arbovirus and it seems to fit well to
the transmission cycles of DENV and CHIKV [21], which
both have been earlier detected from the Maldives.
ZIKV infections have earlier been imported from Asia,
South America, French Polynesia and the Caribbean to
Europe [22-26]. In Asia, there have been no previous
verified ZIKV cases anywhere near Maldives (Table).

With this demonstration of ZIKV transmission in the
Maldives, it remains to be elucidated if the circulation
of ZIKV is already widespread in the area or geographi-
cal vicinity, as clinical manifestations of DENV, CHIKV
and ZIKV as well as serological test results for DENV
and ZIKV may be similar, or a risk of a larger Zika epi-
demic remains a possible future threat. The most prev-
alent symptoms associated with ZIKV, based on the
reports from cases transmitted in Asia, are fever, rash,
gastrointestinal symptoms, conjunctivitis, arthralgia,
sore throat, headache and myalgia [4,22,23,27-33]. The
recent potential associations of ZIKV with microcephaly
and Guillain-Barré syndrome [16,17] highlight the need
for ZIKV recognition and detection. The differentiation
of DENV and ZIKV infections is a challenge for both cli-
nicians and diagnostic laboratories.
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