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Introduction

Zika virus (ZIKV) is an emerging mosquito-transmitted 
fl avivirus currently causing large epidemics in South and 
Central America as well as in the Caribbean, representing a 
global public health emergency [1]. It is closely related to other 
human pathogenic members of the Flaviviridae family such 
as Dengue Virus (DENV), West Nile Virus (WNV), Japanese 
Encephalitis Virus (JEV) and Yellow Fever Virus (YFV). The 
clinical symptoms associated with ZIKV infection include 

rash, arthralgia, myalgia and conjunctivitis, and are normally 
self-limiting. ZIKV infections can lead to major complications 
and long-term sequelae, including congenital birth defects, 
neurologic disorders, and prolonged risk for the virus sexual 
transmission [2,3]. Most ZIKV infections in humans are 
asymptomatic or mild with self-limiting clinical manifestations 
[4,5]. In acute phase of ZIKV infection, clinical differentiation 
can be diffi cult, mainly respect to DENV infections circulation, 
therefore the present greatest challenge for the diagnosis 
of ZIKV be the detection and confi rmation of cases in an 
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environment where DENV infection has spread widely and 
more countries appear every year in endemic conditions of this 
disease [4,6].

ZIKV disease it is generally considered a mild infection 
in most cases. Approximately 80% of ZIKV infections are 
asymptomatic [7]. Various international organizations led by 
the WHO, evaluated different ways to establish a diagnostic 
protocol for ZIKV infection based on the established protocols 
for the diagnosis of other fl aviviruses, with the aim of 
identifying suitable samples and the most reliable technique 
with greater specifi city and sensitivity. Molecular assays for 
rapid identifi cation of Zika virus RNA were the fi rst evaluated 
protocols [8,9], however, these methodologies are expensive to 
support active surveillance throughout the year. So the search 
for faster, less complex and less expensive methodologies 
continues to be a current objective.

Serological diagnosis represent a great challenge due to the 
high cross-reactivity between fl avivirus antibodies [10]. Some 
studies show that monoclonal antibodies (mAbs) against DENV 
envelope protein and dengue-immune sera can enhance ZIKV 
infection [11-13] , suggesting the possibility that previous DENV 
infection may rise the risk and severity of congenital ZIKV 
infection and consequent fetal microcephaly [14]. To know that 
ZIKV infections have a clinical relevance in suspected pregnancy 
women, an available and sustainable laboratory surveillance 
system based on specifi c and reliable serological methods is 
needed [15]. Currently, there is no a reference serological test 
for the use by evaluating laboratories. Neutralization test as 
serological gold standard technique has shown cross-reactivity 
as well as other applied methodologies, making it more 
diffi cult the case classifi cation and evaluating process of new 
commercial assays that come onto the international market.

Here we evaluated 5 commercially available serologic 
assays for the detection of IgM anti ZIKV with a variety of 
immunoassay performances, such as: indirect ELISA, Capture 
ELISA, immunoblot and immunochromatographic.

Material and Methods

Serum specimens

Samples were submitted to the National Reference 
Laboratories of the Institute of Tropical Medicine “Pedro 
Kouri”, (IPK) of Havana, Cuba. DENV and ZIKV positive cases 
were obtained from Arbovirus surveillance established by Public 
Health Ministry and IPK. DENV sera were collected in a period 
before 2015, while ZIKV sera were collected from the outbreak 
presented in our country at 2016. The rest of sample panel, 
belong to IPK serum bank, were collected before 2015. Ethical 
statement was obtained from the Ethics Review Committee of 
IPK Institution.

The sera panel is constituted by 200 samples: a) Group 1: 
100 sera collected from ZIKA patients at early

convalescent phase of illness (days 5 to 7). Acute phase sera 
collected of these patients in the fi rst three days of illness were 
positive by ZIKV RealTime-PCR [8]. ZIKV-positive cases were 

classifi ed as DENV-immune cases with detectable IgG anti-
DENV (IgG ≥ 20) and DENV-naïve cases with no detectable IgG 
anti-DENV antibodies (IgG < 20), as determined by DENV EIM 
assay [16,17]. b) Group 2: constituted by sera collected from 30 
confi rmed DENV infection patients by DENV-PCR [18] and IgM 
Capture ELISA [19] and classifi ed as 10 DENV-2, 10 DENV-3 
and 10 DENV-4 cases. From them, 10 suffered a primary and 
20 DENV secondary infection as determined by EIM [17,20]. 
These sera were collected at days 5 to 7 of fever onset. c) 
Group 3:constituted by 70 sera collected from 40 healthy 
blood donors with no detected DENV IgM or IgG antibodies 
as determined by IgM Capture ELISA and EIM [17,20] and 30 
individuals with a positive antibody response to other viral 
diseases: 8 sera collected two week after vaccination from YF 
vaccinated individuals and with a positive IgM/IgG anti-YFV 
antibodies by YF-MAC-ELISA and EIM [21]; 8 sera collected 
from CHIK confi rmed cases (≥ day 5) and with positive IgM 
anti-CHIKV by MAC-ELISA (PAHO protocol) [22], 7 sera 
collected from confi rmed hepatitis A virus cases (≥ day 5) 
with positive IgM anti-HAV by MAC-ELISA reference at IPK 
[23] and 7 sera collected from rubella virus confi rmed cases 
(≥ day 5) by commercial SIEMENS IgM/IgG serology assays 
[24]. All samples from group 3 were tested by DENV serological 
references [16-20], showing negative IgM/IgG anti DENV.

Reference Assays

Molecular Reference

ZIKV RealTime-PCR (ZIKV-RT-PCR): Was developed using 
the second set of primers and probe (primers ZIKV 1086 - 
ZIKV 1162c, probe ZIKV 1107-FAM) published by Lanciotti and 
colleagues in 2008 [8].

Serological References

Capture IgM ELISA Assay (MAC-ELISA): MAC-ELISA for the 
detection of IgM dengue antibody was performed as previously 
described by Vazquez et al., 2014 [20] . A serum sample was 
considered positive when the optical density ratio (OD ratio) 
was ≥2. This value was calculated as P/N where P represents 
the OD of each serum sample and N represents the mean OD of 
the negative control wells.

ELISA Inhibition Method (EIM)

EIM for the detection of IgG dengue antibody was performed 
as previously described by Vazquez et al., for the use of paired 
sera [17] and monosera [16] . The inhibition percentage was 
calculated as:

Inhibition%= [1−(OD sample/OD negative control)]×100

The antibody titer of each serum was considered as the 
highest dilution with a percentage of inhibition ≥50.

A serum with a percentage of inhibition <50 was considered 
negative for IgG dengue antibodies (<20).

Evaluated Assays: The ZIKV IgM immunoassays (IBL-MAC-
ELISA, Euroimmun-ELISA, DiaPro-ELISA, Artron-RT and 
Mikrogen-Immunoblot) were evaluated using the serum panel 
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of 200 samples. Due to the few availability of IBL-MAC-ELISA 
kit, was an evaluated using 174 serum sample. Manufacturer`s 
protocol was followed in each case.

IBL-MAC-ELISA: Zika virus IgM micro-capture ELISA 
(Ref 30113441; IBL International, Germany) is an enzyme 
immunoassay for the qualitative determination of IgM class 
antibodies ZIKV in human serum or plasma. The kit uses 
an unspecifi ed ZIKV antigen conjugated to horseradish 
peroxidase. Briefl y, in the ZIKV IgM coated microplate, 100 uL 
standards/controls and diluted samples (1+100) were added 
into their respective wells, leaving well A1 for the substrate 
blank (no samples and conjugate). After 1 h incubation at 37°C 
and three time washers with phosphate-buffered saline 0.2 M, 
100 uL of peroxidase labeled ZIKV antigen was added. Plates 
were incubated at 37°C for 30 min. Washers were repeated 
as above and 100 uL of TMB substrate solution was dispense 
into the well, including A1. After 15 min incubation at room 
temperature (18-25°C) in the dark, the reaction was stopped 
with 100 uL of 0.2 mol/L sulfuric acid. Optical absorbance was 
measured using a Microplate Photometer (ChemWell model: 
2910, Software 6.4) at 450/620 nm. The cut-off is the mean 
absorbance value of cut off control determinations. Units (U) 
were expressed in: sample (mean) absorbance value × 10 /cut-
off. U > 11 was considered positive, between 9 and 11 equivocal 
and <9 negative case.

Euroimmun-ELISA: Anti-Virus Zika IgM ELISA (EI 2668-
9601 M; EUROIMMUN, Germany) kit is based on standardized 
reagents and microtitre plates coated with recombinant ZIKV-
NS1. Briefl y, sera diluted 1: 101 in sample buffer were added 
to wells and allowed to react for 1 h at 37 °C. Previously, 
sera were pre-incubated with sample buffer containing IgG/
rheumatoid factor (RF) absorbent to remove class IgM RF from 
the sample. This step prevents RF-IgM from reacting with 
specifi cally bound IgG (leading to false IgM positive results). 
Bound antibodies were detected by applying goat anti-human 
IgM peroxidase conjugate for 30min at room temperature, 
followed by staining with tetramethylbenzidine for 15 min. The 
enzymatic reaction was stopped by the addition of one volume 
of 0.5 mol/L sulphuric acid. Colour intensity of the enzymatic 
reaction was determined photometrically (ChemWell model: 
2910, Software 6.4) at 450 nm with reference 620 nm, 
resulting in extinction values. A signal-to-cut-off ratio 
(extinctionsample/extinctioncalibrator) was calculated for 
each sample. Ratio< 0.8 negative cases, between 0.8 and 1.1 
equivocal and ≥ 1.1 positive cases.

DiaPro-ELISA: Enzyme ImmunoAssay ZIKV IgM (Ref 
ZIKVM.CE LOT1116; Diagnostic Bioprobes, Italy) detected 
qualitative IgM antibodies to ZIKV in human serum and 
plasma. This kit assay is based on standardized reagents and 
microtitre plates coated with ZIKV-specifi c synthetic NS1. 
Briefl y, 50 uL of neutralizing reagent (containing goat anti-
IgG) in all wells, leaving well A1 for the substrate blank (no 
samples and conjugate). Additionally, 100 uL of negative 
control (in triplicate), single positive control and diluted 1: 101 
samples were added. After 1 h at 37°C and 4-5 washing cycles 
with phosphate-buffered saline 10 mM with 0.05% Tween 20, 

100 uL of anti-human IgM polyclonal antibody peroxidase 
conjugate was added into the wells. After 1 h incubation at 37 
°C and similar washing cycles as above, 100 uL of chromogen/
substrate were dispense in all wells, including A1 and followed 
by an incubation period at room temperature for 20 minutes. 
The reaction was stopped with 100 uL of 0.3M sulphuric 
acid. Optical absorbance was measured using a Microplate 
Photometer (ChemWell model: 2910, Software 6.4) at 450/620 
nm. Results are expressed as signal to cut-off ratios (S/CO). 
Ratio <0.9 negative cases, between 0.9 and 1.1 equivocal and 
>1.1 positive cases.

Artron-RT: Artron One Step ZIKV test (A03-34-322; Artron, 
Canada) is a qualitative and immunochromatographic assay to 
the detection of IgG/IgM antibodies to ZIKV in human serum, 
plasma and whole blood samples. A ZIKV antigen conjugated 
to a colloidal gold is deposited on the conjugate pad. A unique 
combination of IgG and IgM antibodies is immobilized on the 
test zone (line 2 and line 1) of the nitrocellulose membrane, 
as two individual test lines (IgG line and IgM line) in the test 
window of the test device. When the sample is added, the 
gold-antigen conjugate is rehydrate and the ZIK IgG and/or 
IgM antibodies, if any in the sample, will interact with the 
gold conjugated antigen. The complex will migrate towards 
the test window until the test zone, where it will be captured 
by the relevant anti human IgG and/or IgM, forming a visible 
pink line, indicating a positive result. If ZIKV antibodies are 
not present in the sample, no pink line will appear in the test 
zone, indicating a negative result. After the test is completed, a 
control line should always appear at the control zone (C). The 
absence of a pink line in control zone is an indication of an 
invalid result.

Mikrogen-Immunoblot: RecomLine Tropical Fever IgM 
immunoblot assay (GARLTF001ES; Mikrogen Diagnostik, 
Germany) uses recombinant envelope glycoprotein and NS1 
antigens. Highly purifi ed recombinant antigens are fi xed on 
nitrocellulose membrane strips. Briefl y, test strips are incubated 
with diluted serum samples and the specifi c antibodies bind to 
the pathogen antigens on the strips. Unbound antibodies are 
then fl ushed away. In a second step, the strips are incubated 
with anti-human immunoglobulin antibodies (IgG and/or 
IgM), which are coupled to horseradish peroxidase. Unbound 
conjugate antibodies are then fl ushed away. Specifi cally bound 
antibodies are detected with the staining reaction catalyzed 
by the peroxidase. If an antigen-antibody reaction has taken 
place, a dark band will appear on the strip at the corresponding 
point. The reaction control is located under the strip number, 
and must demonstrate a reaction for each serum sample. If this 
does not appear the strip is considerate invalid. Cut off control 
band allows the assessment of the reactivity of each antigen 
band. Mikrogen assay can defi nes three different infections 
(DENV/CHIKV/ZIKV) with the combination of IgM/IgG 
responses, classifying the cases in: ZIKV positive, Flavivirus 
positive suspected of ZIKV or DENV infection, Flavivirus 
positive without differentiation between ZIKV and DENV 
infection, or CHIKV positive. For this assay we evaluated only 
the IgM response to ZIKV infection and following an algorithm 
of positives, negative or invalid test.
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Statistical analysis

Sensitivity, specifi city and kappa index with 95 % 
confi dence interval were calculated using Epidat version 3.1 
(2006, OPS/OMS) in agreement with molecular reference. 
For the determination of the functional parameters by each 
commercial test were used the analysis of simple diagnostic 
tests (sensitivity and specifi city), which include a 95% 
confi dence interval. In addition, the analysis of the agreement 
between the molecular reference and assessed assays, Kappa 
index (k), was done with similar 95% confi dence interval 
(k<0.40: No acceptable, k 0.40-0.75: Acceptable and k≥ 0.75: 
Excellent). For IgM detection ratio in cases with or without 
immunity to DENV and cross-reactivity in samples with 
infections not related to ZIKV, the comparison of independent 
proportions analysis was used, determining the signifi cant 
levels (p) among the different groups of samples (p< 0.05 it is 
a statistically signifi cant difference, p>0.05 it is not signifi cant 
difference). Also for tables/pictures EXCEL program was used 
( Offi ce 2010).

Results

Results of ZIKV IgM detection by each assays. ELISA commercial 
tests provided algorithms that resulted in positive, negative, 
or equivocal cases while immunochromatographic and 
inmunoblot assays showed positive and negative results. Table 
1 showed the IgM detection for each evaluated assays in front 
to study panel. IBL-MAC-ELISA was the one test that only 
tested 174 specimens (100 ZIKV positive, 20 DENV positive, 40 
healthy donors, 8 YF vaccinated and 6 IgM positive to CHIKV) 
by insuffi cient determinations.

IgM detection parameters (sensitivity, specifi city and kappa). The 
specifi city of the evaluated systems was higher than 80% while 
the sensitivity was variable. Figure 1 shows the sensitivity of the 
ELISA kits: IBL (64.9%, 95% confi dence interval: 54.7-75.1), 
Euroimmun, (15.6%, 95% confi dence interval: 7.8-23.4) and 
DiaPro (87.8 %, 95% confi dence interval: 80.8-94.8). Artron-
RT and Mikrogen-Immunoblot methods showed sensitivities 
of 18.0% (95% confi dence interval: 9.97-26.03) and 52.0% 

Table 1: Results of ZIKV IgM detection using fi ve commercial immunoassays.

Speciments Sample Numbers IBL-MAC-ELISA Euroimmun-ELISA DiaPro-ELISA Artron-RT
Mikrogen-

Immunoblot
Pos Neg Equiv Pos Neg Equiv Pos Neg Equiv Pos Neg Pos Neg

ZIKV confi rmed cases 100 61 33 6 15 81 4 86 12 2 18 82 52 48
Healthy blood donors 40 4 35 1 0 40 0 0 40 0 0 40 1 39

DENV confi rmed 
cases

30 1 19 0 0 27 3 0 29 1 14 16 5 25

YF vaccinated 
individuals

8 0 8 0 0 8 0 0 7 1 1 7 0 8

CHIKV positive cases 8 0 6 0 0 8 0 0 6 2 1 7 0 8
HAV

positive cases
7 - - - 0 7 0 1 6 0 0 7 1 6

Rubella positive cases 7 - - - 0 6 1 0 7 0 0 7 0 7
TOTAL 200 66 101 7 15 177 8 87 107 6 34 166 59 141

Equivocal samples were excluded from the analysis due to a lack of retest possibilities for all the evaluated assays. Consequently, IBL-MAC-ELISA excluded 7 equivocal 
samples, Euroimmun-ELISA 8 samples and DiaPro-ELISA 6 samples.

Figure 1: Sensitivity and specifi city percentages of the evaluated assays (principal axis). Agreements with reference molecular standard (ZIKV-RT-PCR), representing by 
kappa index was included ( secondaryaxis).
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(95% confi dence interval : 41.7-62.3) respectively. Euroimmun 
(100%, 95% confi dence interval: 99.5-100.0) and DiaPro 
(99.0%, 95% confi dence interval: 96.4-100.0) showed the 
highest specifi cities, followed by IBL (93.2%, 95% confi dence 
interval: 86.67-99.63) and Mikrogen (93.0%, 95% confi dence 
interval: 87.5-98.5) . Artron showed the lowest specifi city 
(84.0%, 95% confi dence interval: 76.3-91.7).

The statistical analysis indicated that Diapro-ELISA was 
signifi cantly more sensitive than the other assays (p= 0.000) 
while no differences between IBL and Mikrogen (p= 0.094) 
and between Euroimmun and Artron assays (p= 0.800) were 
found. The highest agreement with reference molecular 
assay was presented by DiaPro-ELISA with a kappa index of 
0.87, following by IBL and Mikrogen who showed moderate 
agreements with kappa values of 0.56 and 0.45 respectively. 
For Euroimmun and Artron tests, kappa values were poor 
(kappa: 0.16 and 0.02).

DENV-immune and DENV-naïve IgM detection. The IgM 
detection in ZIKA confi rmed cases exposed (DENV-immune) or 
not (DENV-naïve) to a previous DENV infection was analysed. 
The equivocal ZIKV cases were also excluded of this analysis. 
DiaPro and Euroimmun showed a similar ZIKV IgM detection 
rate both in DENV immune (87.0 %: 13/15 / 15.7 %: 13/83) and 
naïve (88.0 %: 73/83/ 15.4 %: 2/13) cases. On the other hand, 
IBL detected 59.5 %: 47/79 and 93.3 %: 14/15, Mikrogen 45.8 
%: 39/85 and 87.0 %: 13/15, and fi nally, Artron-RT 21.2 %: 
18/85 and 0 %: 0/15.

IgM cross-reactivity in non ZIKV specimens. Evaluating the 
cross-reactive IgM in non ZIKV specimens (Figure 2), we 
observed the highest reactivity for Artron-RT assay, which 
presented a 46,7% (14/30) to DENV cases, 12.5% (1/8) to YF 
vaccinated individual and 12.5% (1/8) to CHIKV cases. Also, 
According to DENV cases, only in secondary infection cross-
reactive IgM was observed. The others four commercial assays 
had a low reactivity with non ZIKV panel: IBL-MAC-ELISA only 

showed a 5 % (1/20) to DENV cases, DiaPro a 14.3% (1/7) to 
HAV cases and Mikrogen a 16.7% (5/30) and 14.3 % (1/7) to 
DENV (only secondary DENV cases) and HAV cases respectively. 
Euroimmun-ELISA had not cross-reactive IgM in any negative 
specimens.

Discussion

Molecular assays for the early and rapid identifi cation of 
ZIKV RNA have been developed [25], taking into account the 
low ZIKV viral load and the short period of detectable viraemia 
[26,27]. The development of commercial immunoassays for 
serological detection is more challenging due to the high 
cross-reactivity among the antibodies to fl aviviruses [8,11,12].

Here, fi ve commercial serological assays were evaluated 
in terms of sensitivity and specifi city. Of them, DiaPro-
ELISA showed the highest value of sensitivity (87.8%) and 
the best agreement with molecular reference (kappa: 0.87) 
while Euroimmun ELISA showed the lowest sensitivity 
(15.6%). Similar results were reported by Pasquier, et al. [28], 
with highest fi gure of sensitivity for DiaPro compared to 
Euroimmun ELISA and IgM detected for longer time. Similarly, 
L’Huillier, et al. [29] and Granger, et al. [30], reported a low 
ZIKV IgM sensitivity for Euroimmun assay with fi gures of 
(29.8%) and 20.7 % respectively ELISA. In the same way, the 
sensitivity value of Euroimmun presented by Kikuti, et al. [31], 
it is comparable to our result (12.5%). In general, specifi city 
was higher than 80% in all tests but indirect ELISA systems 
presented the highest values (Euroimmun: 100% and DiaPro: 
99%), possibly due to the use of specifi c NS1 antigens. Between 
them, we found difference in IgM detection. First, we think 
that conjugate reagents used in both tests are highly specifi c 
for the capture of IgM antibodies presented in the serum but 
the anti-human IgM polyclonal conjugate used as design by 
DiaPro assay have more opportunity to bind IgM antibodies 
by several epitopes. Therefore, the number of IgM captured by 
DiaPro would be more. Second, some studies have been showed 

Figure 2: Percentages of IgM cross-reactivity in non ZIKV specimens for all commercial assays.
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the capacity of serum samples antibodies to bind linear peptide 
sequences and this recognition can be more effi ciently if these 
sequences would be fl anked by additional amino acids [32,33] 
. It would be possible that higher sensitivity of DiaPro could 
be due to high recognition levels of synthetic NS1 antigen 
by serum antibodies than recombinant NS1 antigen used by 
Euroimmun assay.

Respect to MAC-ELISA system (IBL), a sensitivity of 64.9 
% and a specifi city of 93.2 % were observed. Previous studies 
demonstrate that this type of system can show higher values of 
sensitivity and specifi city. Safronet, et al. [34], evaluated three 
MAC-ELISA tests and reported sensitivity values between 57 
% to 100 % and specifi city values between 60 % -100%. They 
reported that InBios MAC-ELISA showed comparable results 
to the CDC-MAC-ELISA [35]. Balmaseda, et al. [36], evaluated 
two MAC-ELISAs showing sensitivities between 70%-95% 
and specifi cities higher than 80%. In the same year, Alison, 
et al. evaluating three commercially available Zika IgM, found 
sensitivities between 62.5%-82.8% and similar specifi cities 
higher than 80 %. We think that these MAC-ELISA systems 
would improve in sensitivity parameter working in the ZIKV 
antigen. Some studies are demonstrated a better specifi city 
recognition of several purifi ed antigens by MAbs and serum 
antibodies from ZIKV infection cases [13,33,37]. Mishra, et al. 
[26], working with a highly specifi c epitope for ZIKV located 
within the NS2B protein and adapting this NS2B peptide 
with a biotinylated ELISA system, they obtained excellent 
sensitivity (96%) and specifi city (94%) values from serum 
of ZIKV infection patients. Also, Rockstroh, et al. [38], using 
a recombinant protein from mutate highly conserved fusion 
loop domain of ZIKV envelope (E) protein, found good values 
of sensitivity (87.5 % ) and specifi city (94.2%) measured by 
ELISA system from ZIKV infection patients.

Artron-RT showed a very low sensitivity. The 
immunochromatographic tests may improve their 
sensitivity and specifi city by the use of specifi c antigens and 
nanotechnology. An study by Bosch, et al. [39], showed an 
immunochromatographic test that differentiate between the 
four DENV serotypes and ZIKV, using a pair of specifi c MAbs 
to detect NS1 protein and conjugated gold nanoparticles. 
They do not observe cross-reaction between viral agents and 
observed values of sensitivity and specifi city of 81% and 86% 
respectively. To develop specifi c NS1 MAbs they performed 
linear peptide epitopes. In a recently study, Soren, et al. [40], 
using ZIKV overlapping oligopeptides by microarray chips 
found 22 antibody target regions reacted exclusively with 
one or more ZIKV sera pools, 13 recognized by IgM and 9 by 
IgG, representing a truly ZIKV-specifi c region for serological 
diagnostic.

Mikrogen assay could also be improved in the IgM detection. 
We observed slight bands in the recognition of IgM by ZIKV 
NS1 recombinant, bands that were visible but sometimes don’t 
overcome the intensity of the cut off band, which speak about 
of lowers IgM detection levels (low recognition) by the used 
NS1 recombinant protein or manufacturer must readjust cut off 
detection for insure the positivity of ZIKV cases.

Analyzing the IgM detection in ZIKV cases immune or not 
to a previous DENV infection, the best results were observed 
for the indirect ELISA tests, with no differences between them. 
This result suggest that the system sensitivity is not affected 
by the presence of antibodies to a previous fl avivirus infection 
as DENV, although in case of Euroimmun ELISA the presented 
problem was in the sensitivity levels of IgM detection. Contrary, 
IBL and Mikrogen kits presented the higher IgM detection for 
ZIKV cases DENV naïve than ZIKV cases DENV immune, which 
could be due to higher levels of cross-reactive IgG antibodies 
presented in serum of ZIKV cases DENV immune, representing 
interference in the recognition between ZIKV IgM antibodies 
and antigens used in the protocols. Respect to Artron-RT, only 
detected a 21.2% in ZIKV cases with previous immunity and 
this suggest that system has a low specifi city to ZIKV IgM and 
high to IgM from previous fl avivirus infection.

Some studies have showed evidences about the antibody 
cross reactivity associated to different serological diagnostic 
systems. Dejnirattisai, et al. [11], worked a sera panel from 
patients with DENV secondary infection, found IgM cross 
reactivity in all cases using a ZIKV IgM capture ELISA. Felix 
et al., 2017 [41], using three DENV ELISA systems (2 Capture 
and 1 Indirect) showed IgM cross-reactivity in sera from ZIKV 
confi rmed patients, between 4.9% and 16.4% in samples 
collected before day 7 of symptom onset and between 13.1% 
and 37.7% in samples collected after day 14. Steinhagen, et 
al. 2016 [42], evaluating Euroimmun IgM ELISA with a sera 
panel that included confi rmed DENV, YFV, WNV, JEV and 
CHIKV cases, observed only a cross-reactivity of 2.9% for 
WNV samples. Maeki, et al. 2019 [43], found in sera of patients 
with JEV infection cross reactivity to WNV, DENV and TBEV in 
IgM and /or IgG ELISA. E Souza, et al. 2019 [44], evaluating 
three different DENV commercial assays (Focus Diagnostic, 
Euroimmun and Abbot) against a sera panel with post-yellow 
fever vaccinated samples found cross reactivity of 3.9% in one 
of them, Focus Diagnostic.

In the present study, we found a negative cross-reactivity 
to Flavivirus immunity by indirect ELISAs (Euroimmun and 
DiaPro), may be by the use of NS1 improved antigen in these 
serological protocols.

Although DiaPro insert only presented specifi city 
assessment with a panel with normal individuals and blood 
donors, it wasn’t showed reactivity to Flavivirus cases in our 
study. For Euroimmun-ELISA, similar to previous studies 
[10,34], Flavi cross-reactivity was not presented. Mikrogen 
test had reactivity in fi ve DENV cases (16.7%) but higher 
IgM responses to recombinant envelope glycoprotein than 
recombinant NS1 protein were observed. In agree to specifi city 
manufacturer assessment (Mikrogen insert) crossreactivity 
to other Flavivirus cases was not found. In relation to IBL-
MAC-ELISA assay had a low reactivity (5%) to DENV cases, 
acceptable to ZIKV serological diagnostic. For Artron-RT, the 
high cross-reactive found to DENV confi rmed cases limits its 
use as serological diagnostic.

In general, the ELISA systems showed the lowest 
percentages of cross reactivity in the study, although the 
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indirect ELISAs (Euroimmun and DIAPRO) not revealed IgM 
cross reactivity against samples with serological immunity 
to other fl avivirus (DENV confi rmed cases and YF vaccinated 
individuals). This could be due to the use of highly purifi ed 
and specifi c NS1 antigens. It is to know that IgM antibodies 
elicited to the E proteins of DENV and other fl aviviruses are 
highly cross-reactive with ZIKV E protein, contrary to antibody 
response against non-structural proteins that is more viruses 
specifi c. However, the sensitivity levels for Euroimmun 
system were the lowest in the study and its usefulness for ZIK 
serological diagnostic is not good. DIAPRO system showed the 
best functional parameters from the present study. Respect 
to IBL assay, we think that the low cross reactivity in DENV 
samples could be improve, working in the unspecifi ed ZIKV 
antigen conjugated used in the protocol. Mikrogen system 
should improve in the IgM cross reactivity in samples with 
DENV infection.

Conclusions

This evaluation used 200 serum samples to determine the 
ability of fi ve commercial tests to detect anti-ZIKV IgM in 
serum samples from confi rmed ZIKV infection cases and other 
with different viral infections that could often co-circulate with 
it, as DENV. The specifi city of evaluated tests was acceptable, 
although the sensitivity was variable, representing a limitation 
to the use of some of them in the diagnostic routine practice. 
An available and sustainable surveillance system for risk 
individual groups to ZIKV infection, mainly pregnancy woman, 
it is necessary and serological devices offer a good alternative. 
DiaPro-ELISA showed the most acceptable assessed parameters 
for this use, with a sensitivity of 87.8 % and a specifi city of 99.0 
%. Also, the best agreement with reference molecular standard 
for IgM detection (kappa: 0.87) was showed. This assay can be 
recommended as a serological tool in serum samples collected 
between days 5 and 7 of symptoms onset, identifying a recent 
infection case of ZIKV. Furthermore, it could be recommender a 
small evaluation in asymptomatic and symptomatic pregnancy 
woman samples group because we don’t include this type of 
specimens in our study. Although, we don’t evaluated IgG 
detection in the present work, it is important to have in account 
the ability of IgG detection for serological confi rmation. All 
producers have a protocol for ZIKV IgG detection.
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