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INTRODUCTION

Zika virus (ZIKV) is a mosquito-borne, single stranded RNA 
flavivirus that was first identified in the Zika forest of Uganda 
in 1947 from Rhesus monkeys [1]. Some cases of human infec-
tion were reported in Africa and Asia [2,3] before the first ma-
jor outbreak on the island of Yap in the Federated States of Mi-
cronesia in 2007 [4]. ZIKV spread to the American continent 
[5], and its emergence was associated with the description of 
severe neurological complications; Guillain-Barré syndrome 
(GBS) in adults in French Polynesia and microcephaly in neo-
nates in Brazil [6,7].

Most ZIKV-infected patients are asymptomatic [4]. On the 

other hand, most of those who do have them have symptoms 
that are almost indistinguishable from those of other causes of 
undifferentiated systemic febrile illness, especially dengue 
(DENV) and chikungunya virus infections. To further confuse 
the issue, these infections are also transmitted by the Aedes 
mosquito and are found in the same regions as ZIKV infec-
tions [8]. Furthermore, co-infections with these viruses have 
also been reported [9,10]. Additionally, these viral infections 
could share the transmission routes.

ZIKV is primarily transmitted to people through the bite of 
an infected Aedes mosquito, mainly Aedes aegypti and Aedes al-

bopictus, which are the same mosquitoes that transmit dengue, 
chikungunya, and yellow fever viruses. Sexual transmission 
and transmission through laboratory exposure are possible, 
and it is also theoretically possible through blood transfusion, 
organ and tissue transplant, fertility treatment, and breast feed-
ing. Interestingly, ZIKV can also be transmitted through other 
non-vector-borne routes, including sexual intercourse, trans-
placental transmission, blood product transfusion, and possi-
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ing monoclonal antibodies to the envelope (E) and non-structural protein 1 (NS1) of ZIKV. These proteins were produced 
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bly exposure to other bodily fluids with high viral loads [8,11-
14]. Thus, the diagnosis of ZIKV infection cannot be reliably 
established by clinical features alone. 

As evidenced by a number of recently emerging viral epi-
demics, highly sensitive and specific laboratory diagnostics for 
these infections are essential for infection control measures 
[15-17]. Reverse transcriptase-PCR (RT-PCR) has been the 
most commonly used laboratory diagnostic assay for ZIKV in-
fection worldwide. A number of specific real-time and conven-
tional RT-PCR assays targeting the envelope (E), premembrane 
(prM), nonstructural proteins 1 (NS1), NS2B, NS3, and NS5 
gene coding regions of the ZIKV genome have been described 
[18-24]. However, most of these assays were developed before 
the ZIKV epidemic occurred in the Americas, and there are up 
to 10 potential nucleotide mismatches between the sequences 
of the individual assays’ primers and current epidemic virus 
strains [25]. The low sensitivity in these assays may also lead 
to false-negative results in up to 20-80% of patients, especially 
those with low viral loads in their blood or urine [25]. 

Thus, laboratory diagnosis of ZIKV infection is very impor-
tant, but remains challenging, due to a limited time window 
of possible virus detection, whereby patients tested more than 
1 to 2 weeks post-symptom onset are difficult to diagnose [26-
28]. There is therefore a need for an accurate diagnostic ap-
proach that will prolong the diagnostic period [29]. In this 
study, we developed an RDT kit (Zika RDT) for detecting IgG/
IgM antibody against ZIKV using monoclonal antibodies to 
the E and NS1 proteins of ZIKV. 

MATERIALS AND METHODS

Ethics statement
This study was performed under the regulation of the IRB 

Committee of FEMPTEC (2016-06-01) and the IRB Commit-
tee of BahiaFarma (2016-01-02). This research adhered to the 
tenets of the Declaration of Helsinki. All participants provided 
written informed consent, and no minors were involved in the 
study. All procedures and handling of mice were conducted 
under an approved protocol by the Institutional Animal Care 
and Use Committee (IACUC) at the School of Medicine, 
Catholic University of Korea (CUMC-2015-0042-02, 2015-
2017), which adhered to the regulations set under the Korean 
National Animal Protection Act.

Expression of fusion protein
Nonstructural 1 (NS1) and Envelope (E) proteins were used 

as diagnostic target of anti-ZIKV. The particular NS1 sequence 
(354 aa) and E sequence (261 aa) were obtained from the 
Swiss Institute of Bioinformatics (http://viralzone.expasy.org).

We produced recombinant NS1 and E proteins of ZIKV 
through recombinant baculovirus expression vector technolo-
gy with Sf9 cells. The pAcGP67a-NS1-his and pAcGP67a-Env-
his vectors were cloned. Briefly, Spodoptera frugiperda Sf9 cells 
(ATCC #CRL-1711) were grown at 27˚C in Sf-900II serum-free 
medium (Gibco/BRL, Gaithersburg, Maryland, USA) with 
10% fetal bovine serum (FBS). The Sf9 cells were transfected 
with pAcGP67a-NS1-his and pAcGP67a-Env-his vector by 
polyfect-mediated method (Hilden, Qiagen, Germany). The 
cells were incubated at 27˚C for 72 hr, and then infected with 
recombinant baculoviruses at a multiplicity of infection (MOI) 
0.01-10. Following 7 days of incubation at 27˚C the cells were 
removed from culture medium. The supernatant was collected 
and analyzed on SDS-PAGE and western blot. With the cold 
centrifugation at 3,000 g for 10 min, the collected supernatant 
was introduced to pre-equilibrated Ni2+-nitrilotriacetic acid 
(Ni-NTA) resin (Qiagen). Elution was performed using 5 and 
500 mmol/L imidazole in 20 mmol/L Tris-Cl (pH 8.0). The el-
uate was dialyzed using Tris-Cl (pH 8.0) for 24 hr by changing 
the buffer thrice. Western blot against Zika positive and anti-
hIgG-HRP, and SDS-PAGE were performed after purification. 

Immunization of mice with the recombinant ZIKV NS1 
and E

The recombinant proteins (100 μg/250 μl) were mixed with 
equal volumes of Freund's complete adjuvants (Sigma Chemi-
cal Co., St. Louis, Missouri, USA), and the mixture was injected 
intraperitoneally into 6-weeks-old female BALB/c mice (Sam-
taco, Suwon, Korea). The second and third injections were fol-
lowed with the same amount of protein mixed with incom-
plete Freund’s adjuvant (Sigma-Aldrich, St. Louis, Missouri, 
USA) in the same way at 2-week intervals. After the third im-
munization, the recombinant proteins (100 μg/250 μl) were 
injected intravenously without adjuvant.

Hybridoma cell cloning
To produce hybridoma cell-secreted monoclonal antibodies 

(mAbs), we used a cell fusion technique according to an estab-
lished protocol [30,31]. Mouse myeloma cells (SP2/0 cell; 
ATCC #CRL 1581) were fused with spleen cells from the donor 
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mice using 50% polyethylene glycol (Sigma Chemical Co.). 
After incubation with hypoxanthine, aminopterin, and thymi-
dine media (Sigma Chemical Co.), supernatants of hybridoma 
cell culture were screened by ELISA using the recombinant 
ZIKV NS1 or E proteins (1 μg/ml) as an antigen. After subclon-
ing with limiting dilutions, selected hybridoma colonies were 
transferred into 25 cm2 tissue culture flasks (Nunc, Roskilde, 
Denmark) with RPMI-1640 medium (Gibco/BRL) containing 
10% FBS (Gibco/BRL).

Characterization of mAbs
The mAb-containing supernatant and ascitic fluid of BALB/c 

mice were collected and screened using ELISA to determine the 
antibody properties. The mAbs were purified on a protein G 
agarose resin (Amicogen, Inc, Jinju, Korea) and identified using 
SDS-polyacrylamide gel electrophoresis and western blotting. 
The mAb isotypes were determined using goat anti-mouse im-
munoglobulins (Sigma-Aldrich), according to the manufactur-
er's instructions. An indirect competitive ELISA was conducted 
to measure the affinity of mAbs, as previously described [32]. 
Various concentrations of the recombinant NS1 or E antigen 
were incubated with mAbs for 1 hr at room temperature (RT). 
This antigen–antibody mixture was then transferred to wells 
where recombinant antigens are coated. After 1-hr incubation 
at RT, wells were rinsed with PBS containing 0.1% Tween-20. A 
1-hr incubation was followed with anti-mouse IgG-horseradish 
peroxidase (HRP) conjugate at RT and 3,3´,5,5´-tetramethyl-
benzidine solution was added after final washing. Finally, the 
absorbance was measured by a microplate reader (Benchmark 
Plus; Bio-Rad, Hercules, California, USA) at 450 nm after the 

termination of coloring reaction by H2SO4. Dissociation con-
stant (Kd) was calculated by generating Klotz plot.

Preparation and interpretation of the Zika IgG/IgM RDT kit
Monoclonal antibodies J2G7 to NS1 and J5E1 to E proteins 

were selected from these hybridomas and then conjugated 
with colloidal gold particles (40 nm in mean diameter) ac-
cording to a previously described procedure [33] to produce 
the Zika IgG/IgM RDT kit (Zika RDT; Fig. 1). 

Briefly, the assay is performed by adding 5 μl of serum/plas-
ma or 10 μl of whole blood, and 3-4 drops of the assay buffer. 
Reacting bands were read after 15-20 min and its density was 
determined arbitrarily as 0, +, ++, and +++. Definite reactivity 
was determined as ++ (mid), while weaker and stronger reac-
tivity compared to it was determined as + (weak) and +++ 
(strong). The final results were agreed upon by 3 investigators 
(Fig. 2).

Evaluation of sensitivity and specificity of Zika RDT
To investigate the analytical sensitivity of RDT, comparison 

with ELISA, plaque reduction neutralization test (PRNT) and 
PCR was performed on 30 Zika Positive Specimens provided by 
the Hospital Gaffree e Guinle (Rio de Janeiro, Brazil). Real-Time 
RT-PCR (RealStar Zika RT-PCR Kit and AccuPower ZIKA Real-
Time RT-PCR Kit) is the only method officially approved and 
used as the gold standard diagnostic method. Supernatant sam-
ples (100 μl) or serum samples (1 μl and sample diluent 99 μl) 
were applied to wells of the ELISA. A sample was considered 
positive if the optical density (OD) at 490 nm with a spectro-
photometer (Perkin Elmer Victor3, Turku, Finland) was 2-fold 

Fig. 1. Schematic working principle and the component of ZIKV IgG/IgM RDT kit. Antibody capturing method was applied and 1 more 
hole for smaller sample application.

Absorbent pad

Control line: goat anti-mouse lgG antibody

Test line: mouse anti-human lgG or lgM mAb

Sample applying hole

Conjugate pad: Complex of gold-mAb and rE/rNS1

Complex of gold-mAb 
and rE/rNS1

Ab from sample

Test line
Buffer loading hole

Buffer pad
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greater than that of a blank (PBS) sample. The cut-off value was 
set at twice the average value of the blank sample in 3 replicates.

PRNT was performed to determine the presence of virus-
specific neutralizing antibodies in paired serum samples. 
Briefly, Vero cells were seeded at a density of 160,000 cells/well 
24 hr before infection in 6-well plates. De-complemented sera 
samples (30 min at 56˚C) were 2 fold serially diluted from 1: 
10 to 1:400 in DMEM serum-free medium. Then an equal vol-
ume of DMEM-diluted ZIKA virus containing 200 PFU was 
added and incubated for 1 hr at 36˚C in a final volume of 200 
μl. Vero cells were infected in duplicate with 100 μl of the neu-
tralization mixture and incubated for 1 hr at 37˚C. Afterwards, 
the viral inoculum was removed and cells were overlaid with 2 
ml of DMEM with 2% FBS and 1.5% SeaPlaque agarose (Lon-
za). Plates were incubated at 37˚C for 3-5 days. After this peri-
od, cells were washed twice with PBS, stained with 1% crystal 
violet for 30 min. Plaques were counted and percentage of 
plaque reduction against control serum was calculated.

RNA extracts from serum samples were prepared for PCR 
using an ExiPrep Viral RNA Kit (Bioneer Co., Daejeon, Korea). 
Viral RNA was extracted from 20 μl of serum and eluted in 50 
μl of elution buffer. For the AccuPower ZIKV Multiplex Real-

time RT-PCR assay, 5 μl of RNA extract was mixed with 45 μl 
of master mix, and real-time RT-PCR was performed using a 
PCR thermocycler (Exicycler 96 Real-Time Quantitative Ther-
mal Block; Bioneer Co., Korea). All of the procedures were 
performed according to the manufacturer's instructions.

Sensitivity and specificity of Zika RDT in field test
Positive samples were kindly provided from the Hospital 

Gaffree e Guinle (Rio de Janeiro, Brazil) under the FEMPTEC 
foundation and Ministry of Bahia (Brazil), which had been 
collected from screening procedures in an endemic area. Nega-
tive samples were kindly provided from the Dankook Univer-
sity Hospital (Cheonan, Korea) for a field test using ELISA as 
control. 

The sera of 300 positive and 300 negative samples were 
checked for the IgG, and 150 positive and 300 negative sam-
ples were checked for the IgM antibody titers by ELISA. The 
optical density (OD) of duplicated samples were measured at 
490 nm with a spectrophotometer (Perkin Elmer Victor3) and 
compensated by comparing the OD of a standard positive se-
rum in each plate.

Cross reactions with DENV were evaluated using anti-Den-

Fig. 2. Working procedure of the Zika IgG/IgM RDT kit and the results of the assay. The procedure does not require any specific technic, 
can be tested easily and rapidly, and showed clear results.

Add 5 μl of serum/plasma 
or 10 μl of whole blood

Add 3-4 drops of assay buffer

Negative IgG Positive IgM Positive

15-20 min

Reading
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gue Mixed Titer Performance Panel (PVD201). Cross reactions 
with West Nile, yellow fever, and hepatitis C virus (HCV) were 
also determined.

RESULTS

Construction of a highly specific RDT kit
ZIKV E and NS1 proteins were exposed to the surface of the 

virus to be candidate targets as antigens. DNA sequences for 
the E and NS1 each were obtained from the Swiss Institute of 
Bioinformatics (http://viralzone.expasy.org) and cloned for the 
261 amino acids of E and 354 amino acids of NS1 proteins. 

These 2 sequences are located adjacent to each other in the ge-
nome. Using these sequences, the ZIKV proteins were success-
fully expressed in Sf9 cells and purified as 37 and 45 kDa of 
molecular weight (Fig. 3).

Monoclonal antibodies showing high affinity constant to re-
combinant proteins were selected among the various hybridoma 
types. IgG1 from hybridoma J5E1 showed a 1.5 to 10 fold strong 
affinity (5.55×109) to recombinant E antigen compared to iso-
types from other hybridomas (3.12×108-4.02×109). On the oth-
er hand, IgG1 from hybridoma J2G7 showed an even stronger re-
sponse to recombinant NS1 antigen, with a 5 to 100 fold strong 
affinity (3.32×109) to NS1 protein compared to isotypes from 
other hybridomas (0.25×108-6.22×108) (Fig. 4; Table 1).

Zika IgG/IgM RDT kit as a reliable diagnostic tool
To evaluate the usage of Zika IgG/IgM RDT kit as a reliable 

Fig. 3. Purification of the NS1 and envelope proteins of ZIKV pro-
teins and confirmation of the antigenicity. Expressed proteins in 
Sf9 cells were purified in Ni2+-NTA resin (A) and tested for the anti-
genicity with a ZIKV infected serum in western blot (B).
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Fig. 4. Efficacy of the cloned monoclonal antibodies against E and NS1 proteins of ZIKV in RDT kits. Each mAb was conjugated with 
gold particles and reacted in the test line of the purified ZIKV for selection of useful specific mAb clones.
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-
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+

Table 1. Characteristics of monoclonal antibodies against ZIKV E 
and NS1 proteins

Immunogena Hybridoma Isotype
Affinity constant 
to recombinant 
proteins (1/Kd)

Reactivity in 
rapid 

diagnostic kitb

ZIKV E J5E1

J1A7
J5E4
A136

IgG1

IgG2a

IgG1

IgG1

5.55×109

3.12×108

6.13×108

4.02×109

Yes, for gold 
conjugate

Yes
Yes
Yes

ZIKV NS1 J2G7

J3B1
J10A5
J16C9
J10C6

IgG1

IgG1

IgG1

IgG1

IgM

3.32×109

1.12×108

6.22×108

2.12×108

0.25×108

Yes, for gold 
conjugate

Yes
Yes
No
Yes

aImmunogen: recombinant ZIKV envelope (E) and nonstructural 1 (NS1) 
proteins.
bScreening: ZIKV purified by ultracentrifugation.
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Fig. 5. Comparison of ZIKV IgG/IgM RDT results with 30 Zika positive sera of confirmed ELISA, PRNT, and PCR results. Real lines 
showed positive in both IgG and IgM, dotted lines positive only in IgM, and the remainders positive only in IgG.

lgG 

lgG 

lgG 

lgGM

lgGM

lgGM

Table 2. Comparison test of Zika IgG/IgM RDT kit using 30 Zika positive sera

Panel no.
ELISA PRNT

PCR
Zika IgG/IgM RDT

IgG s/COa IgM s/CO Titer PRNT50/ml IgG IgM

ZV31001 Pos 15.13 Neg 0.61 Pos >2,000 Neg Pos Neg
ZV31202 Pos 10.25 Neg 0.73 Pos >2,000 Pos Pos Neg
ZV31803 Pos 11.63 Neg 0.61 Pos 2,000 Pos Pos Neg
ZV32104 Pos 7.75 Pos 3.41 Pos >2,000 Pos Pos Weak Pos
ZV32405 Pos 16.25 Neg 0.98 Pos 500 Pos Pos Neg
ZV32506 Pos 17.75 Neg 0.73 Pos 1,000 Pos Pos Neg
ZV32907 Pos 15.25 Neg 0.61 Pos 2,000 Pos Pos Neg
ZV12908 Pos 10.25 Pos 8.29 Pos >2,000 Pos Pos Pos
ZV20309 Pos 12.38 Neg 0.85 Pos 2,000 Neg Pos Neg
ZV20710 Pos 10.63 Neg 0.37 Pos 500 Neg Pos Neg
ZV20811 Pos 2.88 Neg 0.49 Pos 200 Neg Pos Neg
ZV18912 Pos 4.13 Pos 10.73 Pos >2,000 Pos Pos Pos
ZV12013 Neg 1 Pos 10.85 Pos 100 Pos Neg Pos
ZV21114 Pos 15.38 Neg 0.98 Pos 2,000 Neg Pos Neg
ZV21315 Pos 8.25 Neg 0.61 Pos 200 Neg Pos Neg
ZV21516 Pos 6.75 Pos 4.02 Pos 500 Neg Pos Weak Pos
ZV14517 Pos 2.25 Pos 14.88 Pos >2,000 Pos Weak Pos Pos
ZV83318 Pos 2.88 Pos 11.59 Pos >2,000 Pos Weak Pos Pos
ZV21019 Pos 11.88 Pos 10.49 Pos >2,000 Pos Pos Pos
ZV21620 Neg 17.75 Pos 9.15 Pos 1,000 Pos Neg Pos
ZV25421 Neg 19.5 Pos 7.2 Pos 2,000 Pos Neg Pos
ZV26322 Pos 3 Pos 11.83 Pos 1,000 Pos Weak Pos Pos
ZV29023 Pos 2.63 Pos 6.59 Pos 200 Pos Pos Pos
ZV25024 Pos 7.25 Neg 0.73 Pos 500 Neg Pos Neg
ZV26725 Pos 11.88 Neg 0.73 Pos 1,000 Neg Pos Neg
ZV27226 Pos 4 Neg 0.49 Pos Not cal. Neg Pos Neg
ZV27327 Pos 5.75 Neg 0.37 Pos 200 Neg Pos Neg
ZV28528 Pos 8.25 Neg 0.85 Pos 100 Neg Pos Neg
ZV29129 Pos 9.38 Neg 0.73 Pos 500 Neg Pos Neg
ZV29230 Pos 15 Neg 0.49 Pos 1,000 Neg Pos Neg

as/CO: signal per cut-off value.
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diagnostic tool, a comparison test using 30 Zika Mixed Titer 
Standards showed 100% identical results with the RDT kit 
against ELISA, PRNT and PCR (Fig. 5; Table 2). The diagnostic 
accuracy of Zika RDT as determined by sensitivity and specific-
ity in a field test was fairly high; with sensitivity and specificity 
for IgG at 99.0 and 99.3%, respectively, while for IgM it was 
96.7 and 98.7%, respectively (Table 3). 

Cross reactions with DENV were also determined, in which 
Zika RDT showed cross-reaction with PVD201 in 16.7% and 
5.6% in IgG and IgM, respectively from a total of 18 panels 
(Table 4). The results showed that all the cross reactions were 
identified at high titer (>8.9 s/CO) of DENV antibody posi-

tives. Fortunately, no cross-reaction with anti-West Nile virus, 
anti-yellow fever virus, anti-HCV were observed.

DISCUSSION

To detect ZIKV RNA early in the course of illness, real-time 
RT-PCR (rRT-PCR) on serum and urine has been commonly 
used during the first 2 weeks after onset of the illness [34]. Al-
though a number of real-time ZIKV RT-PCR assays have been 
described, a recent evaluation showed that some had low sen-
sitivity and incompatibility with currently circulating epidemic 
ZIKV strains belonging to the Asian/American lineage [25]. 

Table 4. Cross-reaction with DENV positive and negative sera of PVD201

Panel name
Titer (by SD DENV IgG/IgM Capture ELISA) Zika RDT

IgG, s/COb IgM, s/CO ZIKV IgG ZIKV IgM

PVD201a PVD201-01 >8.9 6 Positive Negative
PVD201-02 1.6 0.4, Negative Negative Negative
PVD201-03 1.1 0.3, Negative Negative Negative
PVD201-05 1.9 0.5, Negative Negative Negative
PVD201-06 3.4 2.6 Negative Negative
PVD201-07 8.8 >7.7 Negative Negative
PVD201-08 1.2 1 Negative Negative
PVD201-09 2.1 1.2 Negative Negative
PVD201-10 2.5 >7.7 Negative Positive
PVD201-11 1 0.4, Negative Negative Negative
PVD201-12 0.7, Negative 0.4, Negative Negative Negative
PVD201-14 2.1 0.6, Negative Negative Negative
PVD201-16 2.4 6.8 Negative Negative
PVD201-17 >8.9 5.5 Positive Negative
PVD201-18 0.7, Negative 0.8, Negative Negative Negative
PVD201-19 0.5, Negative 0.4, Negative Negative Negative
PVD201-20 3 >7.7 Negative Negative
PVD201-21 >8.9 3.9 Positive Negative

aanti-Dengue Mixed Titer Perform Panel.									       
bs/CO, signal per cut-off ratio measured by ELISA. All 4 serotypes of DENV are contained in the panels.

Table 3. Sensitivity and specificity of Zika RDT in field test	

N=600 (ZIKV IgG test)
ELISA

Total
Positive Negative

   This kit Positive
Negative

297
3

2
298

299
301

   Total 300 300 600

N=450 (ZIKV IgM test)
ELISA

Total
Positive Negative

   This kit Positive
Negative

145
5

4
296

149
301

   Total 150 300 450

Positive samples were provided from the Hospital Gaffree e Guinle (Rio de Janeiro, Brazil) and Ministry of Bahia (Brazil) in 2016. Negative samples 
were provided from the Dankook University Hospital (Cheonan, Korea) in 2016.	
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Additionally, an estimated 20-80% of ZIKV-infected patients 
may be undiagnosed because of the low viral loads in these 
patient’s clinical specimens [25]. Thus, serologic test for ZIKV 
to detect ZIKV-specific IgM and neutralizing antibodies have 
been developed. Since IgM and neutralizing antibodies against 
ZIKV are detectable up to 12 weeks after onset of illness, serol-
ogy tests should be followed when ZIKV RNA is negative on 
serum and urine from suspicious ZIKV infected patients. 

In the present study, we successfully applied gold conjugate 
for the development of a rapid diagnostic testing (RDT) sys-
tem with the monoclonal antibodies J5E1 and J2G7 that cor-
respond to the envelope (E) and non-structural 1 (NS1) pro-
teins of ZIKV, respectively. Serological diagnosis of ZIKV is far 
from easy because of extensive cross-reactivity between anti-
bodies against other flaviviruses [35]. With the baculovirus ex-
pression system, we can obtain soluble expressed and highly 
purified recombinant E & NS1 proteins of ZIKV, and the resul-
tant sensitivity and specificity of Zika RDT were excellent. Zika 
RDT showed 100% identical results with the standard panel 
using ELISA and PRNT. Zika RDT requires neither electricity 
nor any specific laboratory equipment. It is stable at 4-30˚C 
and has a long shelf life. It is simple to use so the assay is fast, 
and avoids blood being drawn from suspicious patients. These 
characteristics make it useful in a field setting. 

However, some cross-reaction with the DENV (16.7% and 
5.6% for IgG and IgM, respectively) was observed. Fortunately, 
there was no cross-reaction with anti-West Nile virus, anti-yel-
low fever virus, anti-HCV serums. While the flavivirus NS1) is 
secreted by infected cells and is involved in immune evasion 
and pathogenesis [36]. Distinct features that may be related to 
the ZIKV neurotropism of the E protein [37,38] and different 
electrostatic characteristics of the NS1 protein [39] would re-
sult in the high efficacy of our RDT and its differentiating of 
other flavivirus infections.

The cross-reaction with DENV represents 1 major disadvan-
tage of the test. Presumed causes of cross-reaction of Zika RDT 
to DENV may be caused by mixed infection of ZIKV and 
DENV both in vectors and in human, and overlapping clinical 
symptoms make differential diagnosis a problem. ZIKV and 
DENV show a higher than 50% homology in E and NS1 pro-
teins [38], and these common antigenic determinants may 
confuse the issue. Pre-existing immunity to prior DENV infec-
tion might also increase ZIKV replication through antibody-
dependent enhancement (ADE) of ZIKV infection [40] caus-
ing variable results. In this context, cross-reactivity between 

DENV and ZIKV seems inevitable. Indeed, it has been suggest-
ed that ZIKV must be considered another member of the 
DENV serocomplex [40].

Zika RDT was the first to be developed, and the first to re-
ceive Brazilian Health Regulatory Agency (ANVISA) approval 
of ZIKV rapid test from the Brazilian government by the coop-
eration of BahiaFarma (Bahia, Brazil) and GenBody Inc. 
(Cheonan, Korea). As it has been proved to be effective in the 
field, promotion of ZIKV test for public healthcare awareness 
has been facilitated. The Zika RDT kit is very simple to use, 
rapid to assay, and very sensitive and highly specific. Therefore, 
it would serve as a choice of method for point-of-care diagno-
sis and large scale surveys of ZIKV infection among people un-
der clinical or field conditions worldwide in endemic areas.

Though the test has been proved effective, further studies are 
needed to address other significant problems. Co-infection of 
DENV, ZIKV, chikungunya virus, and other yet unknown viral 
diseases need to be evaluated, and their co-infection rates de-
termined. The need to differentiate these infections in a single 
sample for both clinical and epidemiologic purposes is of im-
mediate importance and is likely to remain relevant in the fu-
ture. Additionally, the relationship between ZIKV variants and 
severe complications such as microcephaly and Guillain-Barre 
syndrome also need to be addressed, and our test seems flexi-
ble enough to detect these variants. 
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