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Dear Editor,

Zika virus (ZIKV), a pathogen within the genus Flavivirus,

family Flaviviridae brought an international public health

emergency due to its association with neonatal micro-

cephaly case (Platt and Miner 2017). Currently the most

reliable diagnostic test is PCR detection of ZIKV RNA

from body fluid samples. Unfortunately, the short viremia

window and asymptomatic/mild infections greatly reduce

the success rate of PCRs (de Vasconcelos et al. 2018).

Serological assays play a pivotal role in retrospective

diagnosis of ZIKV infection, especially for pregnant

women concerned about ZIKV infection during their early

stages of pregnancy (de Vasconcelos et al. 2018). How-

ever, due to the high level of cross reactivity among related

flaviviruses, all serology tests conducted in locations where

flaviviruses co-circulate prove to be difficult for making a

conclusive diagnosis, especially for diagnosis of ZIKV

infection in dengue virus (DENV) pre-exposed individuals

(David et al. 2017; L’Huillier et al. 2017; de Vasconcelos

et al. 2018).

This difficulty is exacerbated by the lack of serum

panels from individuals with an absolutely defined infec-

tion status, hence presenting a chicken-and-egg cycle in

which any attempt to develop a specific assay has to rely on

serum panels where infection status is not 100% defined. In

this case, even the ‘‘gold standard’’ assay, the virus

neutralization test (VNT), is inconclusive as ZIKV and

DENV antibodies are known to cross-neutralize (Collins

et al. 2017).

To address this challenge, we produced a panel of

monkey sera covering four infection scenarios: (1) ZIKV

alone (group Z); (2) DENV alone (D); (3) ZIKV followed

by DENV (ZD); and (4) DENV followed by ZIKV (DZ). A

dose of 105 pfu of ZIKV-Brazil (GenBank ID:

KU365780.1) and/or DENV2 (GenBank ID: KU725663)

was used for subcutaneous inoculation of cynomolgus

macaque (Macaca fascicularis) with 3 animals per group.

The infection study was approved by the Institutional

Animal Care and Use Committee of the SingHealth

Experimental Medicine Centre. Absence of ZIKV or

DENV antibodies in these animals was confirmed using

commercial ELISA kits for ZIKA (Anti-Zika Virus ELISA

(IgG), Euroimmun, #EI2668-9601G) and DENV (Panbio

Dengue IgG Indirect ELISA, Abbott, #01PE30), respec-

tively. At 40 or 41 days post infection (dpi), seroconver-

sion was evident for the D and Z group, respectively (data

not shown). The animals were then challenged with the

other virus using the same dose as the primary infection

and bled 35 days post-secondary infection (Fig. 1A,

Fig. 1C).

As previously reported (David et al. 2017; L’Huillier

et al. 2017), significant cross reactivity between the two

viruses was observed using the commercial ELISA kits. To

improve the specificity, we developed a multiplex Luminex

assay similar as previously published (Wong et al. 2017).

Recombinant E and NS1 proteins from ZIKV and DENV2,

respectively, were obtained from The Native Antigen

Company (UK) and 25 lg of each protein was coupled to

the MagPlex beads (MagPlex-C Microspheres) at 5 lg/
1 9 106 beads using the xMAP antibody coupling kit (#40-

50016, both obtained from Luminex, USA), following

manufacturer’s protocol.

As shown in Fig. 1B, while antibodies in group Z cross

react with DENV, the ratio of Z/D is greater than 1 for

either E or NS1 protein, which is true for all three animals
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in the group. Similarly, the D/Z ratio is greater than 1 for

all three animals of group D (Fig. 1D). In another word, in

the single virus infected groups (either D or Z), the ratio-

based Luminex readouts were sufficiently specific to dif-

ferentiate between Zika or dengue infection. See Supple-

mentary Figure S1 and Table S1 for the original data,

which showed that the Luminex readings with either E or

NS1 antigens are statistically different between the primary

infections by the two viruses. However, for groups ZD or

DZ, the Z/D or D/Z the ratio is mostly indistinguishable

and it is therefore impossible to deduce which virus was

responsible for the most recent infection.

To further assess the cross reactivity of these serum

panels, we conducted plaque reduction neutralization tests

(PRNT) using previously published methods (Shan et al.

2017). The results (Fig. 1B, Fig. 1D) indicated that in all

animals with only primary infection, neutralization was

observed only with the homologous virus-serum pair.

However, for the mixed infection groups, there was no

clear ‘‘rule’’ observed. The ZD group seemed to have

higher titer against the secondary infection virus whereas

the DZ group is the opposite, with higher titer against the

primary infection virus. For secondary flaviviral infections,

it has been well documented that an anamnestic antibody

response often occurs and the degree and specificity in

relation to the two viruses can vary (Guzman et al. 2013;

Priyamvada et al. 2016; Bardina et al. 2017).

While our findings are somewhat limited due to the

small number of animals used in this study, the following

important conclusions can be drawn from this study. (1)

There is significant cross reactivity between anti-ZIKV and

-DENV antibodies and any single virus/antigen-based

assays won’t be reliable for conclusive sero-diagnosis; (2)

although some samples showed that anti-ZIKV antibodies

have more cross-reactivity with DENV than vice versa, the

overall two-way cross-reactivity level is similar; (3) even

with the small numbers used in this study, there is a clear

individual-to individual variation in the context of cross

reaction; (4) ratio-based readout from multiplex platforms,

such as the E and NS1-based Luminex assay, seems to be

sufficiently specific for diagnosis of primary infection with

a single virus; and (5) no current test platform, even the

‘‘gold standard’’ PRNT, is able to determine the most

recent secondary infection.

It might therefore be worthwhile to look into developing

epitope-specific tests which could potentially detect ZIKV-

specific antibodies in the presence of anti-DENV antibod-

ies. Monoclonal antibody-based blocking ELISA (Bal-

maseda et al. 2017), peptide array (Jelsma et al. 2017) or

peptide display phage library (Xu et al. 2015) are some of

the approaches which can be deployed to address this

challenging issue that needs an urgent solution. It should be

cautioned that epitope-based serology is more prone to

subtle immune response difference between individuals

and a multiplex approach including multiple virus-specific

epitopes may have to be deployed.
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bFig. 1 Antibody responses in four infection scenarios determined by

Luminex, PRNT and ELISA. A Experimental timeline for the first

group of three animals (m1, m2, m3). Monkeys were inoculated with

105 pfu of ZIKV by the subcutaneous route. On Day 41 post ZIKV

infection, animals were infected with 105 pfu of DENV2. B Luminex,

PRNT and ELISA analysis of serum samples collected after primary

infection with ZIKV (41 dpi-ZIKV) are labelled Z and serum samples

collected after secondary DENV infection are labelled as ZD (76 dpi-

ZIKV/35 dpi-DENV2), respectively. C Experimental timeline for the

second group of three animals (m4, m5, m6). Monkeys were

inoculated with 105 pfu of DENV2 by the subcutaneous route. On

Day 40 post DENV infection, animals were infected with 105 pfu of

ZIKV. D Luminex, PRNT and ELISA analysis of the serum samples

collected after primary infection with DENV (40 dpi-DENV2) are

labelled D and serum samples collected after secondary ZIKV

infection are labelled as DZ (75 dpi-DENV2/35 dip-ZIKV), respec-

tively. Pre-bleed samples collected on Day 0 were labelled as N. A

total of six animals (N1–N6) were used in this study with three

animals in each infection group. Recombinant SARS-CoV N protein

was used as control antigen at the same concentration as the other four

antigens. For Luminex, all assays were done in duplicate and mean

fluorescent intensity (MFI) was plotted for each sample. For ELISA,

readings were defined as negative (-) for those with PanBio units

below \ 9 for DENV, relative units (RU) below \ 16 for ZIKV;

equivocal (±) for PanBio units 9–11 for DENV, RU 16–22 for ZIKV;

positive (?) for those with PanBio above[ 11 for DENV and RU

above [ 22 for ZIKV. For PRNT, samples with no neutralization

activity was defined as negative (-); with neutralization activity at

serum dilution of 1:10–1:20, 1:40–1:80 and 1:160–1:320 as (?),

(??) and (???), respectively.
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