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Zika virus (ZIKV) is an Aedes mosquito-borne flavivirus that emerged in Brazil in 2015 and then rapidly spread throughout the
tropical and subtropical Americas. Based on clinical criteria alone, ZIKV cannot be reliably distinguished from infections with
other pathogens that cause an undifferentiated systemic febrile illness, including infections with two common arboviruses, den-
gue virus and chikungunya virus. This minireview details the methods that are available to diagnose ZIKV infection.

Zika virus (ZIKV) is an enveloped, positive-sense, single-
stranded RNA virus that is a constituent of the Flaviviridae

family, Flavivirus genus, and is one of two members of the clade
containing Spondweni virus (1, 2). Like several other mosquito-
borne flaviviruses, including yellow fever virus (YFV) and dengue
virus (DENV), as well as the alphavirus chikungunya virus
(CHIKV), ZIKV is transmitted by Aedes species mosquitos. ZIKV
is the causative agent of Zika fever, an undifferentiated systemic
febrile illness that may present with rash, conjunctivitis, and ar-
thralgia but that may also go undetected or be confused with other
causes of febrile illness, like DENV or CHIKV. During the 60 years
following its discovery in 1947, ZIKV remained an obscure patho-
gen, confined to areas of Africa and Asia, and it was thought to be
responsible for very little human disease. In 2007, however, ZIKV
emerged from obscurity, causing an outbreak of febrile illness on
the Yap Islands in the Federated States of Micronesia. By 2014,
ZIKV had spread throughout the Pacific Islands, and in early 2015,
ZIKV was identified for the first time in Brazil. By year’s end, ZIKV
had spread throughout continental South America and into Cen-
tral America, the Caribbean, and Mexico. Though ZIKV was ini-
tially thought to cause only a mild febrile illness, with limited
morbidity and without mortality, reports from Brazil indicate that
infection during pregnancy may be associated with severe birth
defects, most notably fetal microcephaly. This minireview de-
scribes the discovery of ZIKV, its spread throughout the Pacific
Islands and the Americas, and, in particular, the methods that are
available to diagnose ZIKV infection.

THE DISCOVERY AND EARLY CHARACTERIZATION OF ZIKA
VIRUS

Zika virus was first isolated in 1947 by Dick, Kitchen, and Haddow
from the serum of a febrile rhesus monkey, Rhesus 766, that had
been caged on a forest canopy platform as part of a Rockefeller
Foundation-sponsored sylvatic yellow fever study in the Zika For-
est of Uganda (3) (Fig. 1). Intracerebral mouse inoculation of
serum from Rhesus 766 resulted in illness at day 10, and a filterable
agent isolated from the mouse brain was then neutralized by con-
valescent serum but not by preinfection serum obtained from
Rhesus 766 and another rhesus monkey (771) that had been ex-
perimentally infected (3). The same group at the Virus Research
Institute in Entebbe, Uganda, isolated ZIKV from the yellow fever
mosquito vector Aedes africanus, also collected from sentinel plat-
forms in the Zika forest (3), and provided the first evidence of
human ZIKV infection via neutralization experiments using se-
rum from Ugandans taking part in ongoing yellow fever sero-

prevalence studies (4). The first human isolate of ZIKV was ob-
tained from the serum of a 10-year-old Nigerian girl who
presented on day 5 of illness with fever and headache during a
suspected outbreak of yellow fever (5).

Throughout the second half of the 20th century and into the
early years of the 21st century, ZIKV serologic surveys indicated
that human infection was confined to central and western Africa
and to areas of South and Southeast Asia (6–15). In addition,
phylogenetic analysis was consistent with two distinct introduc-
tions from Uganda into West Africa and with one introduction
from Uganda into Malaysia (16). Though experimental inocula-
tion of ZIKV in a human volunteer resulted in an undifferentiated
systemic febrile illness (17), during this time ZIKV was rarely con-
sidered in the differential diagnosis of febrile patients, even in
those areas where serology suggested that Zika fever was endemic.
In one study investigating arboviral infections in hospitalized In-
donesian patients with a recent onset of acute fever, serologic eval-
uation of paired acute-phase and convalescent-phase sera identi-
fied seven patients (2 adults and 5 children) with a �4-fold
increase in ZIKV neutralizing antibody titers consistent with Zika
fever (15). In addition, a small number of human cases were con-
firmed by virus isolation, including the 10-year-old febrile Nige-
rian girl described above (5), five additional febrile Nigerian chil-
dren (12, 18, 19), and two adults, one in Nigeria and the other in
Uganda, who had laboratory-acquired infections (20, 21).

THE EMERGENCE OF ZIKA VIRUS—OCEANIA

In 2007, physicians on the Yap Islands in the Federated States of
Micronesia (Fig. 1) reported an outbreak of febrile illness charac-
terized by rash, conjunctivitis, and arthralgia (22). Of 185 sus-
pected cases identified through retrospective medical record re-
view and prospective surveillance at the hospital and health
centers, 49 confirmed and 59 probable cases of ZIKV disease were
identified using IgM enzyme-linked immunosorbent assays
(ELISA), plaque-reduction neutralization tests (PRNT), and real-
time, reverse transcriptase PCR (rRT-PCR) (22, 23). A commu-
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nity survey using simple, random, one-stage cluster sampling es-
timated that 73% (95% confidence interval of 68% to 77%) of Yap
residents 3 years of age or older had been recently infected with
ZIKV (22). No hospitalizations, hemorrhagic complications, or
deaths due to ZIKV infection occurred during the Yap outbreak.

The spread of ZIKV throughout Oceania continued in late
2013, at which time surveillance for acute febrile illness in French
Polynesia identified three sentinel cases of patients who presented
with fever, arthralgia, headache, and rash (24). Over the next 10
weeks, there were an estimated 19,000 suspected ZIKV cases, and
through March 2014, there were more than 30,000 suspected cases
(24, 25). During the outbreak, there was an increased incidence of
Guillain-Barre syndrome (GBS) and there were other severe neu-
rologic complications, suggesting an association with ZIKV infec-
tion (26, 27). A number of cases of fetal microcephaly were also
noted and are being further investigated to establish linkage with
ZIKV infection (28).

ZIKV outbreaks subsequently occurred throughout 2014 on
other Pacific islands, including New Caledonia, Cook Islands,
Easter Island, Vanuatu, and Solomon Islands; many of the out-
breaks occurred concurrently with outbreaks of DENV and
CHIKV (25, 29–34). Phylogenetic analysis of sequences of ZIKV
strains, including the Yap outbreak strain, identified the presence

of two major lineages, African and Asian, and revealed that the
Yap strain was of the Asian lineage (35). The introduction of ZIKV
on the Yap Islands was thought to be due to a viremic traveler or
the importation of infected mosquitos, as has been speculated
with regard to the spread of ZIKV throughout the Pacific Islands
and to the Americas (22, 29).

ZIKA VIRUS IN THE AMERICAS—BRAZIL AND BEYOND

In March 2015, 24 patients presented with a febrile illness charac-
terized by rash, arthralgia, and conjunctivitis to Santa Helena
Hospital in the city of Camaçari, approximately 50 kilometers
from Salvador, the capital of the State of Bahia, Brazil (Fig. 1) (36).
Seven patients had detectable ZIKV RNA in serum whereas three
patients had detectable CHIKV RNA (36), confirming the spread
of ZIKV to continental South America and highlighting how dif-
ficult Zika fever is to diagnose based on clinical characteristics
alone. The Salvador Epidemiologic Surveillance Office further in-
vestigated 14,835 cases of indeterminate acute exanthematous ill-
ness reported in the 12 districts of Salvador, revealing the apparent
cocirculation of ZIKV, CHIKV, DENV-1, and DENV-3 (37).
ZIKV was also retrospectively identified by RT-PCR in serum
specimens collected from eight patients in Natal, State of Rio
Grande do Norte, Brazil, who presented with a “dengue-like ill-

FIG 1 A geographic history of Zika virus. The virus was discovered in 1947 in the Zika forest of Uganda (A). The 2007 outbreak on the Yap Islands in the
Federated States of Micronesia heralded the introduction of Zika virus to Oceania (B). The identification of Zika virus in Camaçari in the State of Bahia, Brazil,
in 2015 marked the emergence of Zika virus in continental South America (C). World map obtained from FreeVectorMaps.com (http://freevectormaps.com).
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ness” in early 2015 (38). Finally, an HIV-positive man in Rio de
Janeiro, Brazil, presented in May 2015 with 1 day of rash, myalgia,
malaise, and conjunctival hyperemia; acute Zika fever was con-
firmed by Flavivirus genus RT-PCR and sequencing (39). As of
this writing, autochthonous ZIKV transmission has been reported
throughout continental South America, Central America, and
Mexico, as well as the Caribbean, including Puerto Rico (40). For
the most up-to-date information about the spread of ZIKV in the
Americas, please consult the reports of the Pan American Health
Organization (PAHO) at www.paho.org.

Phylogenetic analysis of ZIKV sequences obtained from Brazil
and Suriname revealed that the virus was of the Asian lineage (38,
41), and it is speculated that it was introduced from the Pacific
Islands during the summer of 2014 during the World Cup or the
Va’a World Sprint Championship canoe race (29, 38).

ZIKA VIRUS TRANSMISSION

The primary mode of ZIKV transmission to humans is via the bite
of Aedes species mosquitos, including Ae. aegypti and Ae. albopic-
tus, the most important vectors globally for the transmission of
DENV and CHIKV. In early mosquito studies in Uganda, includ-
ing the manuscript describing its discovery, ZIKV was isolated
from Ae. africanus mosquitos (3, 42–44). Consistent with the hy-
pothesis of a primate reservoir and sylvatic cycle, it was demon-
strated that ZIKV could be transmitted to a rhesus monkey via the
bite of laboratory-infected Ae. aegypti mosquitos (45). The virus
was subsequently isolated from Ae. aegypti mosquitos that were
collected in west central Malaysia (46), and Ae. aegypti as well as
Ae. albopictus mosquitos in Singapore were shown to be orally
susceptible to ZIKV infection (47, 48). In addition, ZIKV RNA
was most frequently detected in A. albopictus mosquitos during
outbreaks of febrile illness in Gabon in 2007 and 2010 (49). In the
Yap outbreak, Ae. hensilli was identified as the predominant mos-
quito species and was considered the probable vector (22, 50).
Though ZIKV was not detected in any mosquito samples collected
during the outbreak, Ae. hensilli mosquitos were subsequently
shown to be orally susceptible to ZIKV infection (22, 50). In the
French Polynesia outbreak, Ae. polynesiensis was the suspected
vector, though, similarly to Yap studies, ZIKV-infected mosquitos
were not reported (24). The vectors responsible for the Brazil out-
break have not yet been confirmed but are suspected to be Ae.
aegypti and Ae. albopictus. Importantly, these vectors are endemic
throughout the southeastern United States.

Potential non-vector-borne modes of ZIKV transmission in-
clude sexual (51, 52), transfusion-associated (53, 54), and perina-
tal (55) transmission. Most notably, the Zika virus pandemic in
the Americas corresponded with a dramatic upsurge in the num-
ber of reported cases of fetal and pediatric microcephaly through-
out Brazil (56–59), suggesting intrauterine transmission. This hy-
pothesis was supported by the work of Oliveira Melo et al., who
described two cases of fetal microcephaly in which ZIKV RNA was
detected in amniotic fluid, but not peripheral blood, from two
women who reported symptoms consistent with Zika fever during
their pregnancy (57). Ocular manifestations in three Brazilian in-
fants with presumed ZIKV-associated microcephaly have also
been described (60). The risk of severe fetal neurological manifes-
tations associated with ZIKV infection during pregnancy has
prompted the U.S. Centers for Disease Control and Prevention
(CDC) to issue a travel alert to women who are pregnant or who
are trying to become pregnant to postpone traveling to countries

where there is ongoing ZIKV transmission (http://www.cdc.gov
/zika/) (61). For pregnant women in countries where the outbreak
is ongoing, infection prevention through mosquito control is rec-
ommended, though several countries also advise postponing
pregnancy until the outbreak subsides and the risk of fetal Zika
disease is better understood.

CLINICAL PRESENTATION AND ROUTINE LABORATORY
TESTING

The clinical presentation of patients with acute ZIKV infection
typically includes a combination of fever, headache, retro-orbital
pain, conjunctivitis, a maculopapular rash, myalgias, and/or ar-
thralgias (22, 38). Fever is often low grade (�38°C), though cases
with fever of up to 40°C have been reported (15, 22, 33, 38). Symp-
tom duration is generally 2 to 7 days, but the rash and arthralgias
may last 2 weeks or longer (22, 38). The description of routine
laboratory findings in patients with ZIKV infections is limited to
case reports and small case series. The complete blood count and
routine chemistries are reported to be normal for most patients.
Abnormal laboratory findings, when present, are typically mild
and include leukopenia, thrombocytopenia, and elevation of liver
transaminases (33, 34, 38, 39, 62).

Patients with ZIKV disease are often suspected of having
DENV or a mild presentation of CHIKV disease. Conjunctivitis
and peripheral edema are reported to be more common in ZIKV
infections than in DENV and CHIKV disease, while leukopenia
and thrombocytopenia are less common (27). However, no stud-
ies have directly compared the clinical and laboratory findings for
patients with these infections in a defined cohort. Beyond DENV
and CHIKV, the differential diagnosis for patients with ZIKV is
broad and includes infections with Plasmodium species, herpesvi-
ruses (cytomegalovirus, Epstein-Barr virus, human herpesvirus 6
[HHV-6]), and other arboviral infections such as West Nile virus
(WNV) and yellow fever virus infections. Notably, it is estimated
that 80% of patients with a ZIKV infection remain asymptomatic
or develop only mild clinical manifestations (22). These infections
may go undetected, which may skew the description of ZIKV cases
in the literature toward more-severe presentations.

ZIKA VIRUS DIAGNOSTICS

There is relatively limited literature describing the performance
characteristics of diagnostic tests for ZIKV. This section describes
the methods that have been used to identify ZIKV infections in
human specimens.

Viral culture. Culture-based methods for ZIKV detection are
used in public health and research laboratories but are not gener-
ally available for clinical purposes. The reference method for the
isolation of ZIKV and other arboviruses is intracerebral mouse
inoculation (3, 63). ZIKV is also culturable in several cell lines,
including African green monkey (Vero) and rhesus monkey kid-
ney (LLC-MK2), as well as Aedes pseudoscutellaris (MOS61 or AP-
61) and Aedes albopictus (C6/36) (35, 63).

Antibody detection. Evidence of human ZIKV infection was
obtained primarily via identification of ZIKV neutralizing anti-
bodies in human serum (4, 6–13). In serologic surveys conducted
in Nigeria, Macnamara et al. (10) noted that sera capable of neu-
tralizing ZIKV in mouse protection experiments were also
strongly associated with neutralization of DENV and YFV, sug-
gesting serologic overlap or cross-reactivity. In fact, DENV was
considered in the differential for identification of the causative
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agent of the 2007 Yap Islands ZIKV outbreak due in part to false-
positive rapid DENV IgM test results, despite a clinical syndrome
that was not entirely consistent with dengue (22, 23, 64). The
manufacturer of this DENV IgM assay was not disclosed. Further
serologic evaluation of Yap outbreak specimens at the Arbovirus
Diagnostic Laboratory at the CDC revealed that acute-phase spec-
imens collected within the first 9 days of illness from patients with
previous flavivirus infection demonstrated extensive cross-reac-
tivity with other flaviviruses in both IgM capture ELISA and
plaque reduction neutralization tests (PRNT) (23). In several
cases, a higher level of serologic reactivity was observed for the
non-Zika virus flaviviruses, in particular, DENV and Japanese en-
cephalitis virus (JEV) (23). These results prompted the CDC to
caution that serologic data alone are insufficient to confirm acute
ZIKV infection in patients with secondary flavivirus infection.
False-positive DENV IgM results in cases of acute ZIKV infections
have also been observed in specimens collected from travelers
returning from Indonesia (65), Thailand (62, 66, 67), French
Polynesia (68, 69) and Maldives (70). DENV IgM assays dem-
onstrating false-positive results in ZIKV infection include Focus
Diagnostics DENV IgM Capture (62, 70) and SD Bioline Dengue
Duo NS1 Ag � Ab Combo (66).

As ZIKV spreads throughout the areas of the world where
DENV infection is endemic, detection of DENV IgM antibodies in
patients with a dengue-like illness, particularly in the absence of
DENV nonstructural protein 1 (NS1) or DENV RNA, should
prompt consideration of the possibility of ZIKV infection. While
DENV serologic tests are widely used, assays for ZIKV antibodies
are currently available only through public health laboratories
such as the CDC laboratories. Given the association of ZIKV with
fetal microcephaly, improved accessibility to ZIKV-specific serol-
ogy may be important to assess the risk of fetal transmission and to
identify women requiring amniocentesis for confirmation of in-
fection, in analogy to the use of serologic testing for congenital
infections with cytomegalovirus (CMV) and Toxoplasma gondii.
Furthermore, the development of commercial ZIKV serologic
tests for use in clinical laboratories and at the point of care will
require careful evaluation of test specificity, particularly in popu-
lations with a high prevalence of DENV and of infections with
other flaviviruses.

Antigen detection. Unlike the DENV diagnostics field, where
NS1 antigen assays are widely available, antigen assays for the
diagnosis of acute ZIKV infection have not yet been developed.

RNA detection. Laboratory diagnosis of acute ZIKV infection
currently relies upon the detection of ZIKV RNA in patient spec-
imens, including serum, plasma, urine, saliva, and amniotic fluid
specimens. Perhaps the best-studied ZIKV reverse transcriptase
PCR assay was designed by the CDC using sequence derived from
the 2007 Yap Islands epidemic (23). The CDC ZIKV assay is com-
prised of two one-step real-time RT-PCR (rRT-PCR) reactions
targeting the ZIKV premembrane (prM) and envelope (E) genes,
respectively (Table 1). The compositions of the two reaction mix-
tures, including primer/probe concentrations, reaction volumes,
and eluate volumes, are not clearly stated here but are available
through collaboration with the CDC. Interpretation requires eval-
uation of both reactions; a sample is considered positive only if
both reactions demonstrate amplification with crossing threshold
(CT) values of �38.5 cycles, and an equivocal result indicates that
a sample amplified in only one of the two reactions or that the CT

value in either reaction was �38.5 cycles. Assay exclusivity was

confirmed by testing RNA from a variety of flaviviruses and alpha-
viruses, and no cross-reactions were identified. Analytical sensi-
tivity was determined using a quantitated ZIKV RNA transcript,
and the lower limits of detection were estimated as 100 copies and
25 copies for the prM and E gene targets, respectively. A protocol
distributed by PAHO for use in the Americas replaces the less
sensitive prM assay with another reaction targeting a region of the
NS2B gene designed for detection of the ZIKV Asian lineage (An-
gel Balmaseda, personal communication).

Among the results from 157 serum samples from the Yap
epidemic tested using the CDC ZIKV rRT-PCR, 10.8% (17/
157) were positive, 6.4% (10/157) were equivocal, and 82.8
(130/157) were negative (23). Among the positive samples,
88.2% (15/17) were collected within the first 3 days of illness,
suggesting that the duration of detectable ZIKV viremia is rela-
tively short following the development of clinical symptoms.
These findings were also observed during the 2013–2014 French
Polynesia outbreak, where the mean time point of illness for pa-
tients that were serum positive by the CDC ZIKV rRT-PCR was
3.3 days (standard deviation, 1.8 days) (75). Though neither of
these studies provided day-of-illness statistics for the sample set as
a whole or for the negative and equivocal specimens, the 5-day
cutoff recommended for performing CDC DENV PCR assays also
seems appropriate for the CDC ZIKV rRT-PCR assay. Similarly to
DENV diagnostics, as more-sensitive ZIKV tests are developed,
recommendations regarding the timing of sample collection will
need to be reassessed (76–78).

ZIKV RNA was also quantitated in the Yap outbreak specimens
using the CDC ZIKV rRT-PCR, revealing relatively low levels of
viremia (23). Future studies with larger numbers of positive spec-
imens will be required to further characterize the dynamics of
ZIKV levels in blood and determine if there are correlations of
virus load with disease severity and immune responses.

In addition to tests using serum or plasma, the CDC ZIKV
rRT-PCR has been evaluated using several alternative specimen
types. For example, ZIKV RNA was more frequently detected in
saliva than in serum when this assay was used to test paired spec-
imens (n � 182) from the 2013–2014 French Polynesia outbreak
(75). Of 182 cases with paired samples, 28.6% (52/182) were pos-
itive in saliva and serum, 19.2% (35/182) in saliva only, and 8.8%
(16/182) in serum only. A total of 43.4% (79/182) were negative in
both specimen types. However, the mean day of illness seen with
samples with ZIKV RNA detectable only in saliva was not signifi-
cantly different from the mean day of illness seen with those sam-
ples detectable only in serum (day 3.5 versus day 3.3). These data
suggest that optimal diagnosis of acute ZIKV infection may re-
quire testing of multiple specimen types but that the addition of
saliva does not extend the window for viral RNA detection.

To investigate the potential detection of ZIKV RNA later in the
course of illness, the CDC ZIKV rRT-PCR was used to test serial
urine and serum samples collected from a case series of six patients
infected during the 2013–2014 New Caledonia outbreak (79).
DENV RNA (80) and WNV RNA (81) have previously been
shown to be detected later in urine than in serum in the course of
illness; similarly, the New Caledonia study demonstrated that
ZIKV RNA was detected in urine 7 or more days after becoming
undetectable in serum (79). Specimens described in a case report
of a traveler returning from French Polynesia were also evaluated
as being ZIKV RNA positive in urine but negative in serum when
paired specimens were collected on day of illness 10 (82). Given

Minireview

April 2016 Volume 54 Number 4 jcm.asm.org 863Journal of Clinical Microbiology

http://jcm.asm.org


the specificity challenges of ZIKV IgM assays, testing for viral RNA
in urine may allow diagnosis of acute infection after viremia has
resolved and after RNA is also no longer detectable in saliva. Fu-
ture studies will be required to further establish the clinical utility
of urine testing for ZIKV infection.

The CDC rRT-PCR was also used to detect ZIKV RNA in the
amniotic fluid from the two cases of fetal microcephaly described
above (57). ZIKV rRT-PCR analysis of amniotic fluid will be an
important diagnostic tool to confirm ZIKV congenital infection
and evaluate its association with fetal neurological abnormalities.

Other ZIKV molecular diagnostics include conventional, one-
step RT-PCR assays targeting the E gene (71) and the nonstruc-
tural protein 5 (NS5) gene (72), as well as one-step, rRT-PCR
assays targeting the NS5 (73), NS3 (66), E (74), and NS1 (74)
genes (Table 1). Both the conventional E gene and real-time NS5
gene assays were developed by the same group at the Institute
Pasteur in Dakar, Senegal, and were evaluated using cultured iso-
lates primarily of mosquito origin and/or field-caught mosquito

pools (71, 73). During the Brazil outbreak, the Dakar conven-
tional E gene RT-PCR was used to detect ZIKV RNA in specimens
from Camaçari (36) and Natal (38).

A ZIKV rRT-PCR targeting the NS3 gene was also developed at
the Bernhard Nocht Institute for Tropical Medicine in Hamburg,
Germany (66), and was utilized to evaluate returning travelers (66,
83, 84), though only one of the three patients described had de-
tectable viremia. Similarly, ZIKV rRT-PCR assays targeting the E
and NS1 genes were developed in Queensland, Australia, and both
assays were positive in tests of a serum specimen collected from a
returning traveler from the Cook Islands (74). Complete analyti-
cal and clinical validations of the NS3, E, and NS1 assays have not
yet been reported. Unlike the singleplex ZIKV assays described
thus far, the conventional NS5 RT-PCR is a duplex assay that also
includes internal-control primers targeting the human GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) gene (72). In addi-
tion to the analytical evaluation, this assay was used to screen
archived RNA from adult patients presenting to National Univer-

TABLE 1 RT-PCR assays for the detection of Zika virusa

Reference or source Yr RT-PCR type Target Primer/probe name Sequence 5=–3= Position

Lanciotti et al. (23) 2008 One step, real time prM ZIKV 835 TTGGTCATGATACTGCTGATTGC 835–857c

ZIKV 911c CCTTCCACAAAGTCCCTATTGC 911–890
ZIKV 860-FAMb CGGCATACAGCATCAGGTGCATAGGAG 860–886

Lanciotti et al. (23) 2008 One step, real time E ZIKV 1086 CCGCTGCCCAACACAAG 1086–1102c

ZIKV 1162c CCACTAACGTTCTTTTGCAGACAT 1162–1139
ZIKV 1107-FAMb AGCCTACCTTGACAAGCAGTCAGACACTCAA 1107–1137

PAHO 2015 One step, real time Zika 4481 CTGTGGCATGAACCCAATAG 4434–4453e

Zika 4552c ATCCCATAGAGCACCACTCC 4524–4505
Zika 4507c-FAMd CCACGCTCCAGCTGCAAAGG 4479–4460

Faye et al. (71) 2008 One step, conventional E ZIKVENVF GCTGGDGCRGACACHGGRACT 1538–1558c

ZIKVENVR RTCYACYGCCATYTGGRCTG 1883–1902

Balm et al. (72) 2012 One step, conventional NS5 ZIKVF9027 CCTTGGATTCTTGAACGAGGA 9121–9141c

ZIKVR9197c AGAGCTTCATTCTCCAGATCAA 9312–9290

Faye et al. (73) 2013 One step, real time NS5 Forward primer AARTACACATACCARAACAAAGTGGT 9365–9390c

Reverse primer TCCRCTCCCYCTYTGGTCTTG 9466–9446
Probef CTYAGACCAGCTGAAR 9398–9413

Tappe et al. (66) 2014 One step, real time NS3 ZIKAf TGGAGATGAGTACATGTATG 6001–6020c

ZIKAr GGTAGATGTTGTCAAGAAG 6095–6077
ZIKApg CTGATGAAGGCCATGCACACTG 6039–6060

Pyke et al. (74) 2014 One step, real time E Zika E For AAGTTTGCATGCTCCAAGAAAAT 1222–1244e

Zika E Rev CAGCATTATCCGGTACTCCAGAT 1293–1271
Zika E probeh ACCGGGAAGAGCATCCAGCCAGA 1246–1268

Pyke et al. (74) 2014 One step, real time NS1 Zika NS1 For GCACAATGCCCCCACTGT 3329–3346e

Zika NS1 Rev TGGGCCTTATCTCCATTCCA 3394–3375
Zika NS1 probeh TTCCGGGCTAAAGATGGCTGTTGGT 3349–3373

a RT-PCR, reverse transcriptase PCR; PAHO, Pan American Health Organization; prM, precursor membrane; E, envelope; NS5, nonstructural protein 5; NS3, nonstructural
protein 3; NS1, nonstructural protein 1; For, forward; Rev, reverse.
b The probe was labeled with 5-carboxyfluorescein (5-FAM) at the 5= end. The 3= quencher was not specified.
c Numbering according to Zika virus strain MR-766 (GenBank accession number AY632535).
d The probe was labeled with fluorescein; the isomer was not specified. The quencher was not specified.
e Numbering according to Zika virus strain Yap 2007 (GenBank accession number EU545988).
f The probe was labeled with 6-carboxyfluorescein (6-FAM) at the 5= end. The 3= quencher is listed as 5-carboxytetramethylrhodamine (TAMRA) in the article text and black berry
quencher (BBQ) in the article table. The probe is listed as containing locked nucleic acids (LNA). The residues utilizing LNA chemistry were not specified.
g The probe was labeled with 6-carboxyfluorescein (6-FAM) at the 5= end. The 3= quencher was black hole quencher-1 (BHQ-1).
h The probe was labeled with fluorescein; the isomer was not specified. TAMRA was used as quencher.
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sity Hospital, Singapore, who tested negative for DENV or CHIKV
RNA by RT-PCR. Because no ZIKV RNA-positive specimens were
identified, the clinical sensitivity of this assay is not currently
known.

Commercial tests are also becoming available, including Real-
Star Zika Virus RT-PCR kit 1.0, developed by Altona Diagnostics
(Hamburg, Germany), an internally controlled one-step, real-
time RT-PCR assay now with CE marking. While the Altona test
demonstrates excellent analytical performance, it has not yet been
evaluated with clinical specimens in the literature.

PERSPECTIVES ON AN ONGOING PANDEMIC

The spread of ZIKV to the Americas and its association with a
marked increase in the incidence of fetal neurologic abnormalities
has led to unprecedented interest in this once-esoteric pathogen.
Large epidemiologic studies and intensification of basic and trans-
lational research will result in increased understanding of ZIKV
pathogenesis and immunology as well as in important break-
throughs in sorely needed ZIKV therapeutics and vaccines. The
sensitive and specific diagnosis of patients with Zika fever is criti-
cal to this work, to ongoing epidemiologic surveillance, and to the
care of patients with an undifferentiated systemic febrile illness.
Significantly, improved availability of validated diagnostic tests,
including tests for the detection of ZIKV antibodies, antigens, and
RNA, will be critical to understand and respond to this pandemic.
Moreover, tests that combine the diagnosis of Zika with diagnosis
of dengue and chikungunya are likely to be of great utility, as are
tests that can be performed at or near the point of care. The CDC
has issued detailed recommendations for the testing of pregnant
women returning to the United States from areas of ZIKV trans-
mission as well as for the testing of infants with suspected congen-
ital infection (61, 85). However, future work will be required to
clearly detail test performance characteristics in these patient
groups and to determine whether these recommendations meet
the needs of pregnant women and their neonates and infants in
countries where ZIKV transmission is ongoing. As this pandemic
evolves, the further development, evaluation, and widespread im-
plementation of ZIKV diagnostics will be critical to monitoring,
preventing, and eventually treating Zika disease.
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