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Development of flow cytometry-based Zika virus detection assay
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Summary. – Standard assays based on ELISA and RT-PCR have been widely used to detect flaviviral 
infections, including the Zika virus. Despite their simple, unique, and sensitive features, RT-PCR and 
ELISA-based assays cannot meet the requirements of high-throughput screening of bulk samples dur-
ing an outbreak. Several research groups around the world are working on the development of rapid, 
multiplex, and sensitive assays to overcome the limitations of standard assays used in viral detection. 
Recent advances in flow cytometry have led to remarkable progress in its use as a basic analysis tool 
in laboratories. Here, we used the advantages of flow cytometry to develop a Zika virus detection assay 
using recombinant Zika virus envelope (E) protein. The E protein-based flow cytometry assay was able 
to detect anti-Zika E antibodies from Zika-infected patients, Zika-infected mice, and mice immunized 
with recombinant Zika E protein. We report the development of the first flow cytometry-based diagnos-
tic assay that can be used for Zika detection. Its rapid turnaround time and ability to detect antibodies 
from Zika-infected patients can be used to improve the diagnostic accuracy of Zika virus detection.
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Introduction

Flaviviruses belong to the family Flaviviridae, which 
includes several human pathogens such as Zika virus, 
West Nile virus (WNV), Yellow fever virus (YFV), japa-
nese encephalitis virus (jEV), and Dengue virus (DENV). 
Zika is an arthropod-borne virus, first identified in 1947 
from an ill rhesus monkey in Uganda's Zika forest. The 
first confirmed case of human Zika virus infection was 
reported in Uganda in 1962–1963 (Dick et al., 1952; Wikan 
and Smith, 2016). It is known to cause mild febrile illness 
and can occasionally lead to potentially life-threatening 
outcomes such as microcephaly, congenital malforma-
tions, and Guillain-Barre syndrome (Weaver et al., 2016). 

Standard assays based on ELISA and RT-PCR have 
been extensively used to detect Zika virus infections 

(Announcement: Guidance for US, 2016; Faye et al., 2008). 
One major obstacle in developing serological assays that 
distinguish Zika virus infections from those caused by 
other flaviviruses is the presence of cross-reactive anti-
bodies. The E protein-based IgM capture (MAC) ELISA 
developed by InBios International has been authorized 
by the Food and Drug Administration (FDA) under an 
emergency use authorization (EUA). However, due to 
cross-reactivity with other flaviviruses, results may be 
difficult to interpret and require confirmation by plaque 
reduction neutralization (PRNT) assays to eliminate the 
false positive cases. Non-structural (NS) protein-based 
serological assays have been developed either alone 
or in combination with E protein. Two described non-
structural protein 1 (NS-1) based serological assays are 
the IgM capture ELISA from NovaTec and the indirect 
ELISA from EuroImmun (Basile et al., 2018). Zika virus 
detection assays utilizing Luminex and nanotechnol-
ogy platforms are also reported in the literature. These 
assays employing Zika non-structural proteins utilize 
measurements of different antibody subtypes to improve 
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the specificity of Zika virus detection (Wong et al., 2017; 
Zhang et al., 2017). 

RT-PCR-based Zika virus detection assays are widely 
used in Zika diagnosis, but the narrow temporal window 
in which viral RNA is present in sera and urine limits 
their use (Calvet et al., 2016; Lanciotti et al., 2008). Despite 
their simple, unique, and sensitive features, ELISA and 
RT-PCR-based viral detection assays cannot meet the 
requirements of high-throughput screening and are not 
suitable for the urgent screening of bulk samples during 
a  viral outbreak. Therefore, developing a  rapid, high-
throughput, and accurate screening assay is essential 
for detecting and di fferentiating flaviviral infections. 
A viral detection assay using a flow cytometry platform 
has several advantages over conventional ELISA assays. 
These include rapid tur naround time and the ability 
to detect multiple parameters (e.g., antibody isotypes) 
simultaneously. Therefore, the objective of this work was 
to develop a high-throughput Zika virus detection assay 
in a flow cytometry platform using Zika E protein. 

Materials and Methods

LEGENDplex carboxyl beads containing allophycocyanin 
(APC) fluorescence (BioLegend, USA) were used for the assay 

development. The surface chemistry of these beads allows 
for the covalent coupling of different antigens. Antigen con-
jugation to these beads can be detected using a  secondary 
antibody coupled to a fluorochrome other than APC. The bead 
conjugation was carried out according to the manufacturer's 
recommendations. 

Briefly, LEGENDplex carboxyl beads were washed and re-
suspended in coupling buffer, then activated by incubation 
with N-hydroxysulfosuccinimide (Thermo Fisher Scientific, 
USA) and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
HCl (Thermo Fisher Scientific) for 20 min at room temperature. 
After activation, the beads were rewashed and resuspended 
in a coupling buffer. Zika E proteins were later conjugated to 
activated carboxyl beads by vortexing and incubation at room 
temperature for 2 h. Conjugated beads were then blocked with 
blocking buffer and used for flow cytometric assays. The protein 
conjugation and the specificity of these beads were confirmed 
by staining with anti-E (BEI Resources, USA) and anti-NS-1 
(Thermo Fisher Scientific) antibodies. Protein conjugated 
beads were first stained with primary antibodies for 45 min at 
room temperature and then washed with staining buffer (PBS 
with 2%FBS) followed by incubation with FITC (fluorescein 
isothiocyanate) conjugated secondary antibody (jackson Im-
muno Research Labs, USA) for 45 min at room temperature. They 
were then rewashed and analyzed using a BD FACSCantoTM II 
flow cytometer.

(a) (b)

Fig. 1

Testing the specificity of E protein conjugation
Zika E conjugated beads were incubated with anti-Zika NS-1 and E antibodies. Primary antibody-stained beads were detected by staining 
with a FITC conjugated secondary antibody. Stained beads were later analyzed using a BD FACSCantoTM II Flow Cytometer. (a) representa-
tive data from one of the four independent experiments, and (b) cumulative data from four independent experiments.
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Results

As shown in Fig. 1a,b, more than 99% of E protein con-
jugated beads were positive for E and negative for NS-1 
specific antibodies, confirming the protein conjugation 
and specificity of these beads. The E protein conjugated 
beads were then used to detect anti-Zika E antibodies in 
human sera collected from Zika infected donors. This 
study was conducted under the approved IRB protocol 
17346-162945458z “Human immune responses to Zika.” 
Zika positive and negative human serum samples were 
purchased from Boca Biolistics (Pompano Beach, USA). 
The company confirmed Zika virus infection status of 
these individuals using ZIKV DetectTM IgM capture ELISA 
kit from InBios (data not shown). Zika E-protein con-
jugated beads were incubated with different dilutions 
(1:1,000, 1:5,000, and 1:25,000) of human sera collected 
from Zika-infected and uninfected donors to identify the 
optimum serum dilution for the assay. After standardi-
zation, 1:5,000 dilution was selected for the assay, and 
this high dilution of serum was necessary to reduce the 
background fluorescence. After incubating with diluted 
serum for 45  min at 4°C, the beads were washed once 

with wash buffer, followed by incubation with biotin-
conjugated goat anti-human IgG/A/M antibody (Thermo 
Fisher Scientific) for 45 min at 4°C. Next, the beads 
were washed once with wash buffer and stained with 
streptavidin-PE conjugated detection antibody (jackson 
Immuno Research Labs) for 45 min at 4°C. Next, the beads 
were washed once with wash buffer and analyzed using 
a  BD FACSCantoTM II flow cytometer. As shown in Fig. 
2a, b, all 20 presumptive Zika positive serum samples 
tested were positive for anti-Zika E  antibody, confirm-
ing these donors' previous Zika virus infection status. 
Of 14 presumptive Zika-negative samples tested, 13 were 
negative for anti-Zika E antibodies; we found anti-E an-
tibodies in one sample. Our results demonstrated that 
E conjugated beads could detect anti-Zika E antibodies 
in Zika infected patients. 

To further demonstrate the usefulness of flow cyto-
metry-based assays to detect anti-Zika E antibodies, we 
studied the humoral immune response in mice follo-
wing their immunization with Zika E and NS-1 proteins. 
C57/BL6 mice were obtained from jackson Laboratory 
(Bar Harbor, USA) and maintained according to guidelines 
outlined in the National Institutes of Health manual Guide 

(a) (b)

Fig. 2

Flow cytometric analysis of serum samples collected from Zika-infected and uninfected donors using E protein conjugated beads
Zika E protein conjugated beads were incubated with serum collected from Zika-infected and uninfected donors. The beads were stained 
with biotin-conjugated goat anti-human IgG/A/M antibody and streptavidin-PE conjugated detection antibody. Antibody-stained beads 
were subsequently analyzed using a BD FACSCantoTM II flow cytometer. (a) Representative flow cytometric data from one of the three 
independent experiments. Unstained E conjugated beads (Beads alone), beads with biotin-conjugated secondary antibody (Beads + Sec), 
beads with serum samples collected from uninfected donors, (control), and beads with serum samples collected from Zika-infected donors, 
(Zika-infected). (b) Cumulative data from sera collected from 14 uninfected (control) and 20 Zika- infected donors. Each symbol represents 
the mean of triplicates from each donor. 
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for the care and use of laboratory Animals. The FDA's 
White Oak Institutional Animal Care and Use Commi-
ttee approved the animal study protocol, and the study 
was performed under protocol number 2017-56. C57/BL6 
mice were immunized with 2.0 μg of Zika E protein plus 
adjuvant (montanide iso 206 VG). The animals were im-
munized twice at a 10-day interval. These animals were 
euthanized on day 20, and serum was collected and used 
for flow cytometric analysis. As a control, we immunized 
the mice with recombinant Zika NS-1 protein (RayBiotech, 
USA). The blood was isolated following a cardiac puncture, 
and serum was collected and used for flow cytometric 
analysis. E  and NS-1 conjugated beads were incubated 
with different dilutions of the serum (1:1,000 and 1:10,000 

dilution) to identify the optimum serum dilution for the 
assay. After standardization, 1:10,000 dilution of serum 
was used for the experiment. Here again, the high dilu-
tion of serum was essential for reducing the background 
fluorescence. The beads were washed once with wash 
buffer 45 min after incubation, then stained with biotin-
conjugated goat anti-mice IgG secondary antibody for 45 
min at 4°C. They were then rewashed with wash buffer 
and stained with streptavidin PE-conjugated detection 
antibody (jackson Immuno Research Labs) for 45 min at 
4°C. Finally, the beads were washed with wash buffer and 
analyzed using a BD FACSCantoTM II flow cytometer. As 
shown in Fig. 3a, anti-Zika E antibodies were detected in 
mice immunized with E protein. In contrast, no anti-Zika 

Fig. 3

Flow cytometric analysis of serum collected from Zika-infected, NS-1, and E protein-immunized mice
(a) Zika E protein conjugated beads were incubated with serum (1:10,000 dilution) collected from NS-1 and E protein-immunized ani-
mals (n = 3). (b) and (c) flow cytometric analysis of serum collected from uninfected, Zika-infected, and E protein-immunized mice. Zika 
E protein conjugated beads were incubated with serum collected from uninfected, Zika-infected, and E protein-immunized mice (n = 5). 
(b) Representative flow cytometric data from one of the three independent experiments. Unstained E protein conjugated beads (Beads 
alone), beads with serum samples collected from uninfected mice (Uninfected), beads with serum samples collected from Zika-infected 
mice (Zika-infected), and beads with serum samples collected from E protein-immunized mice, (E protein-immunized) are shown. (c) 
Cumulative data from sera collected from uninfected, Zika-infected, and E protein-immunized mice. Each symbol represents the mean 
of triplicates from each individual mouse. 

(a)

(b) (c)



 SHORT COMMUNICATIONS 279

E  antibodies were detected in NS-1 protein-immunized 
animals.

To further demonstrate the consistency and reproduc-
ibility of this assay, the E protein conjugated beads were 
used for detecting E protein-specific antibodies present 
in Zika infected mice. Recent studies demonstrated that 
administration of anti-IFNAR monoclonal antibodies in 
C57/BL6 WT mice one day before Zika inoculation leads 
to Zika-induced disease, neuroinflammation, and mor-
tality (Smith et al., 2017). Zika strain DAK AR 41524 was 
obtained from BEI Resources (Manassas, USA). The virus 
was titrated and amplified using VERO cells (ATCC, CCL-
81). Eight-week-old C57/BL6 mice (n  =  5/group; jackson 
Laboratories) were intra peritoneally injected with a total 
of 3.0 mg (2.0 mg first dose, 0.5 mg subsequent doses) of 
MAb-5A3 (Leinco Technologies, USA) or PBS on day -1, day 
+1, and day 4. On day 0, mice were infected with the Zika 
strain DAK AR 41524 by an intra peritoneal exposure route 
in a total volume of 200 μl. The serum was collected on 
day five and used for flow cytometric analysis. E protein-
immunized animals were used as positive controls. As 
shown in Fig. 3b,c, anti-Zika E antibodies were detected 
in mice infected with Zika and E  protein-immunized 
mice, whereas no anti-Zika E  antibodies were detected 
in uninfected mice. The data further confirm that Zika 
E  protein-based flow cytometry assays can be used to 
detect Zika E-specific antibodies. 

Discussion

A viral detection assay using a flow cytometry platform 
has several advantages over the well-established ELISA 
platform. These include rapid turnaround time and the 
ability to simultaneously detect multiple parameters (e.g., 
antibody isotypes). Our results reported herein clearly 
demonstrate the usefulness of this assay and describe 
the development of the first flow cytometry-based anti-
body detection assay to evaluate Zika virus infection. In 
addition, data showed that the assay is quick (around 3 h 
for completion), requires fewer sample volumes (1:5,000 
diluted serum samples), and is more cost-effective than 
a commercial ELISA assay. 

One major obstacle in developing specific serological 
assays that distinguish Zika virus infection from those 
caused by other flaviviruses is the presence of cross-
reactive antibodies in infected individuals. Our initial 
results demonstrated that the flow- cytometry-based as-
say has the potential to develop into a high-throughput 
Zika diagnostic assay. However, E protein-based assays do 
not differentiate Zika virus infection from those caused by 
other flaviviruses because of their high sequence simila-
rity and ability to induce cross-reactive antibodies against 

other flaviviruses. To overcome this challenge, work is cu-
rrently underway to develop a flow-cytometry-based Zika 
diagnostic assay using the NS-1 protein as the refe rence 
material. This is based on a few previous studies which 
suggest that antibodies against flavivirus non-structural 
proteins may be virus type-specific (Garcia et al., 1997; Shu 
et al., 2002; Wong et al., 2003). Another way to improve Zika 
diagnosis is to identify Zika specific peptide sequences 
within E and NS-1 proteins and use them as the reference 
materials in the Zika diagnostics assay. Work to identify 
these Zika specific epitopes is ongoing. 

In conclusion, this study is the first to report the devel-
opment of a flow- cytometry-based Zika virus detection 
assay. Its rapid turnaround time and ability to detect 
antibodies from Zika infected patients can be used to 
improve the diagnostic accuracy of Zika virus detection.
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