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Abstract: Zika virus (ZIKV) co-circulates with several closely related flaviviruses which exhibit 14 
similar clinical manifestations thus, clinicians rely on molecular and serological techniques for 15 
diagnosis.  Cross-reactivity of patient specimens to flaviviruses is a significant impediment to 16 
serological diagnosis in areas where multiple flaviviruses co-circulate. Furthermore, patient 17 
exposure history to any of these viruses could complicate serological response patterns which could 18 
result in over and/or underdiagnosis of ZIKV infection. Three strains of ZIKV, dengue serotypes 1-19 
4, West Nile virus, Japanese Encephalitis virus, and Yellow Fever virus were evaluated for 20 
neutralizing properties against 3 monoclonal antibodies, 4 ZIKV-naïve patients with flavivirus 21 
exposure history, 5 patients with verified ZIKV exposure and unknown flavivirus exposure history, 22 
and 5 flavivirus-naive patients with ZIKV-only exposure. Patients naïve for ZIKV exposure 23 
effectively neutralized multiple strains of ZIKV. Overall, the prototype ZIKV isolate MR-766 did not 24 
behave like the other ZIKV isolated used in this study.  MR-766 was neutralized more completely 25 
by polyclonal patient serum than recent ZIKV isolates.  MR-766 was neutralized better than 26 
dengue virus in ZIKV-naïve patients with prior dengue exposure. MR-766 was neutralized 27 
significantly less than recent ZIKV isolates when treated with monoclonal antibodies. The data 28 
herein show that without RT-PCR, serological diagnosis may not be possible in areas where multiple 29 
flaviviruses are endemic.  30 

Keywords: Zika virus; flavivirus; cross-reactivity; neutralization; diagnostics; serology; plaque 31 
reduction neutralization test; flavivirus exposure 32 

33 

1. Introduction34 

Shortly after the identification of Zika virus (ZIKV) as the causative agent of microcephaly, 35 
researchers had released reagents and assays to assist in research and diagnostics. ZIKV can be 36 
detected by RT-PCR in urine for 10-14 days after symptom onset but only for about 3 days from 37 
serum (1-4). Unfortunately, urine testing or paired testing of serum and urine is rarely performed on 38 
patients presenting to healthcare with a dengue-like illness. For most patients with ZIKV or other 39 
flaviviral infection, the short duration of detectable viremia leads to the reliance on serological testing 40 
(1, 5).  When undetected by RT-PCR, diagnosis is made following guidelines that require the 41 
presence of both virus-specific IgM antibodies and virus-specific neutralizing antibodies (5, 6). While 42 
clinicians use IgM ELISA to screen for infection, the plaque reduction neutralization test (PRNT) is 43 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 November 2019                   doi:10.20944/preprints201911.0323.v1

©  2019 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints201911.0323.v1
http://creativecommons.org/licenses/by/4.0/


2 of 11 

recommended by CDC to confirm diagnosis when RT-PCR is negative, and IgM ELISA is “not 44 
negative” (5). 45 

ZIKV co-circulates with other flaviviruses, including dengue virus (DENV), West Nile Virus 46 
(WNV), Japanese Encephalitis Virus (JEV) and Yellow Fever Virus (YFV). Antibody-based assays can 47 
be problematic as serological cross-reactivity can confound results (7, 8).  Furthermore, previous 48 
exposures and co-infections can further complicate diagnostic tests (9, 10).  Additional difficulties 49 
arise when diagnosing clinical samples in different locations as reference virus and antigen sources 50 
can produce divergent results in response to locally circulating viral isolates (11).  The data herein 51 
illustrate the variable manner in which ZIKV and other flaviviruses are neutralized by patient serum 52 
and monoclonal antibodies (mAb) and that ZIKV neutralization may not indicate ZIKV exposure. 53 

2. Results54 

2.1. RT-PCR sensitivity is strain dependent 55 

When equal quantities of infectious particles were amplified via RT-PCR using CDC diagnostic 56 
primers and probes, cycle threshold (Ct) values varied significantly between ZIKV strains. Ct values 57 
for PRVABC59 were consistently higher than the other isolates, differing by as many as 5 cycles 58 
translating to at least a log difference in relative titer as determined via plaque assay (Table 1). This 59 
may be a result of infectious:non-infectious virus particle ratios as both R103451 and PRVABC59 have 60 
genetically identical target sequences. 61 

Table 1. Average Ct ± standard deviation of three ZIKV strains detected with CDC ZIKV general 62 
primers and probe. 63 

Est PFU/mL MR-766 PRVABC59 R103451 

1000 22.26 ±0.07 25.99±0.11 21.19±0.06 

100 25.86±0.02 29.79±0.03 24.71±0.02 

10 29.56±0.09 33.10±0.04 28.33±0.08 

1 33.13±0.06 36.43±0.14 31.96±0.07 

2.2. Monoclonal antibody neutralization of ZIKV and DENV is strain/serotype dependent 64 

The mAbs ZKA185 and 753(3) C10 neutralized ZIKV in a dose-dependent manner (Figure 1). 65 
Inhibitory concentrations for ZKA185 were 90-100% at 5 µg/µL, ~ 80% at 0.5 µg/µL, and ~60% at 0.05 66 
µg/µL for both ZIKV PRVABC59 and R103451 (Figure 1A). ZIKV MR-766 was significantly less 67 
neutralized than the other 2 strains with ~65% neutralization at 5 µg/µL then approximately 45% 68 
neutralization at concentrations of 0.5 to 0.05 µg/µL (Figure 1A).  mAb 753(3) C10 also neutralized 69 
ZIKV PRVABC59 and R103451 better than ZIKV MR-766 (Figure 1B). Both ZIKV PRVABC59 and 70 
R103451 were neutralized over 90% at 5.0 and 0.5 µg/µL with neutralization rapidly decreasing for 71 
the following concentrations (Figure 1B). Conversely, MR-766 did not achieve the same level of 72 
neutralization with this mAb and was neutralized at 76% at 5.0 µg/µL then neutralization activity 73 
hovered in the 50%-60% range for concentrations of 0.5, 0.05, 0.005, and 0.0005 µg/µL (Figure 1B). 74 
When treated with 4G2 antibody, infection of PRVABC59 and R103451 were enhanced in a dose-75 
dependent manner with significant viral enhancement occurring at mAb concentrations of 0.005 76 
µg/µL for R103451 and 0.0005 µg/µL for PRVABC59 (Figure 1C). MR-766 was neutralized 77 
approximately 30% at 5 µg/µl but was not neutralized at any of the lesser dilutions (Figure 1C). 78 
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DENV 1-4 exhibited a serotype-dependent neutralization by both mAb 753(3) C10 and ZKA185 79 
(Figure 2). ZKA185 weakly neutralized DENV-3, did not neutralize DENV-1 or DENV-2, but 80 
enhanced DENV-4 with significant increases in viral titer at concentrations of 0.5u µg/µL and 0.05 81 
µg/µL (Figure 2A).  For mAb 753(3) C10, DENV-1 and DENV-2 were neutralized as effectively as 82 
ZIKV R013451 and significantly more than ZIKV MR-766 (Figure 3B).  DENV-3 was inhibited 83 
significantly less than all ZIKV strains at 53.5% at 5 µg/µL and 16.5% at 0.5 µg/µL (Figure 3B). 84 
DENV-4 was not neutralized at any concentration of 753(3) C10 (Figure 2B). The 4G2 antibody 85 
neutralized DENV-2 100% at 5 µg/µl but not at any other concentration. DENV-3 was neutralized 86 
62% at 5 µg/µl, 54% at 0.5 ug/ug, 39% at 0.05 µg/µl, 20% at 0.005 µg/µl and 12% at 0.0005 µg/µl (Figure 87 
2C). 88 

Figure 1. Neutralization and Enhancement of Zika by 3 monoclonal antibodies. 89 

90 
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Figure 2. Neutralization and Enhancement of Dengue viruses by 3 monoclonal antibodies. . 91 

92 

Figure 3. Neutralization of Zika viruses by patient serum with and without ZIKV exposure. 93 
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94 

2.3. Patients with confirmed ZIKV exposure with unknown flaviviral exposure history exhibit strain-specific 95 
neutralization of ZIKV 96 

5 patients with RT-PCR confirmed ZIKV exposure were evaluated for their ability to neutralize 97 
multiple, geographically distinct isolates of ZIKV.  The profile of neutralization was patient specific 98 
though the data described here is the averaged response of all patients in the group. The data indicate 99 
that ZIKV MR-766 was neutralized best by all patients with significantly greater neutralization 100 
present over all other ZIKV strains (Figure 3A).  An average neutralization of 80% was observed for 101 
MR-766 at the 1:400 serum dilution which indicates a robust immune response (Figure 3A).  ZIKV 102 
PRVABC56 and R103451 were neutralized significantly less than MR-766 by all patients with 103 
neutralization dropping below 80% at the 1:160 serum dilution (Figure 3A). 104 

2.4. Flavivirus naïve patients with ZIKV only exposure exhibit similar neutralization of ZIKV strains 105 

4 female sheep, naïve for flaviviral exposure were infected with ZIKV R013451 and serum 106 
collected 4 weeks post infection. The data show that all ZIKV strains were neutralized in a similar 107 
manner (Figure 3B). The less robust neutralization observed, compared with the other 2 exposure 108 
groups is likely due to collection being performed 4 weeks post infection prior to the complete rise in 109 
neutralizing antibodies. 110 

ZIKV naïve patients with flaviviral exposure history neutralize ZIKV in a strain dependent 111 
manner 112 
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For all ZIKV naïve patients with a history of flaviviral exposure, ZIKV strains were neutralized 113 
in a strain-dependent manner.  ZIKV MR-766 was neutralized significantly more than either 114 
PRVABC59 or R013451 (Figure 3C). Over 80% neutralization of all ZIKV strains was observed up to 115 
the 1:40 dilution with MR-766 neutralizing at least 80% out to the 1:160 dilution (Figure 3C). Even at 116 
the 1:10240 dilution, MR-766 was neutralized at an average of 20% and nearly 60% at the 1:2560 117 
dilution (Figure 3C). ZIKV PRVABC59 and R103451 exhibited approximately 80% neutralization at 118 
the 1:40 serum dilution and at least 50% neutralization at the 1:160 serum dilution (Figure 3C). These 119 
elevated neutralization profiles suggested potential ZIKV circulation and exposure and thus, all 120 
patient specimens from this study were tested via RT-PCR, using the above primers.  All patients 121 
(n=991) were negative for ZIKV nucleic acids (data not shown). 122 

Patients with confirmed ZIKV exposure exhibit cross-neutralization of other flaviviruses 123 
For patients with RT-PCR confirmed ZIKV infection, cross neutralization of other flaviviruses 124 

occurred for 3 out of 5 patients at the 1:10 serum dilution (Table 2). Patient 50620 exhibited cross 125 
neutralization to DENV-3 and JEV (Table 2).  Patient 50622 exhibited cross-neutralization of DENV-126 
3, JEV, WNV, and YFV (Table 2). Patient 88 possessed neutralizing antibodies for DENV-2, DENV-3, 127 
and YFV (Table 2).  Flaviviral naive patients also neutralized other flaviviruses at the 1:10 dilution 128 
including DENV-2, JEV, and YFV 4 weeks following experimental inoculation with ZIKV R013451 129 
(Table 2). 130 

Table 2. Cross neutralization of flaviviruses by patients with and without ZIKV exposure. Data 131 
denotes average neutralization ± standard deviation. 132 

133 
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2.5. ZIKV-naïve patients with previous flavivirus exposure effectively neutralize multiple flaviviruses 134 

For all ZIKV naïve patients with flaviviral exposure history, significant neutralization of 135 
multiple flaviviruses was observed at the 1:10 dilution. Patient K-252 and K-200 completely 136 
neutralized all DENV serotypes as well as ZIKV while patients K-315 and K-070 neutralized just 2 137 
DENV serotypes (Table 2). Even though YFV does not circulate in Pakistan, patients K-315 and K-070 138 
neutralized YFV 87% and 97% at the 1:10 serum dilution, respectively (Table 2). Patient K-315 also 139 
neutralized WNV 85% and JEV 95% at the 1:10 serum dilution (Table 2). Patient K-070, K-200 and K-140 
252 did not significantly neutralize WNV but patient K-200 significantly neutralized JEV (Table 2). 141 
For these patients, neutralization for DENV and other flaviviruses was significantly less than what 142 
was observed for ZIKV MR-766 up through the 1:640 serum dilution and for one patient, MR-766 was 143 
neutralized significantly more than DENV 1-4 at all serum dilutions (data not shown).  Conversely, 144 
ZIKV R103451 and PRVABC59 were neutralized less that DENV for patients in this group at higher 145 
serum dilutions (data not shown). 146 

3. Discussion147 

The use of monoclonal antibodies for ZIKV therapeutics and vaccine development is a 148 
prominent focus of ZIKV research with most neutralizing mAbs mapped to the fusion loop on the 149 
envelope protein (12). The monoclonal antibodies used in this study neutralize and/or enhance ZIKV 150 
and DENV in a strain dependent manner. Similar results have been reported for other mAbs which 151 
has been a complicating factor for developing useful therapeutics (13). Many commercially available 152 
ZIKV mAbs have been isolated from human donors in regions where multiple flavivirus co-circulate 153 
and for which there is no available exposure history (13, 14).  It is of interest to note that the ZIKV 154 
isolates in this study displayed much higher sensitivity to mAb 753(3) C10 (a DENV mAb) than 155 
DENV which may indicate that the source donor had a prior exposure to ZIKV (15). 156 

ZIKV is described as a single serotype although there are two genetically distinct lineages and 157 
multiple unique viral clades circulating.  When vector-borne flaviviruses are introduced into new 158 
systems, there can be a rapid development of viral lineages, genotypes, and serotypes (16, 17). ZIKV 159 
is no exception with new genetic changes and syndromic presentations being reported in recent 160 
outbreaks (18). Strain and serotype-specific performance of flaviviruses is well described (16, 19, 20) 161 
and the different inhibition properties of ZIKV shown here and described in the literature may be a 162 
function of conformational differences due to changes in amino acid sequences (13, 21).  ZIKV MR-163 
766 and other African isolates have been shown to possess significant differences in amino acid 164 
sequence from Asian and American isolates (22-24). 165 

The data here indicate that when used for serological diagnostics, ZIKV MR-766 is neutralized 166 
in a different manner than ZIKV isolated from the Western Hemisphere, which could lead to the 167 
misdiagnosis of patient specimens. Here, all human patients neutralized MR-766 more effectively 168 
than R103451 and PRVABC59.  Even in ZIKV naïve patients, MR-766 was neutralized better than 169 
DENV and other known viruses in circulation in the region. CDC diagnostic criteria for “non-170 
negative” IgM ELISA with neutralizing antibodies may not allow for accurate diagnosis of ZIKV or 171 
other flaviviruses in areas endemic to multiple flaviviruses. The use of MR-766 as a diagnostic reagent 172 
is of significant concern especially if used in the context of pre-natal care or serosurveillance. 173 

 We were unable to determine whether there might be a potential lineage/serotype behavior 174 
present as recent African strains are not readily available for making a reasonable comparison.  This 175 
issue warrants an in depth investigation especially since the designation of ZIKV as a single serotype 176 
was made based on the convalescent serum of 2 European travelers and mice (25). 177 

In areas where flaviviruses co-circulate, patient samples are diagnosed via RT-PCR, IgM ELISA, 178 
or by PRNT. Though in most endemic areas, RT-PCR is the most common diagnostic method 179 
employed as facilities and expertise are not often available for serological assays. The data here and 180 
in the literature show that detection of ZIKV nucleic acids in patient serum is not only time limited 181 
but also strain dependent (1, 22, 26). RT-PCR and antigen preparations using locally circulating 182 
strains should be employed in areas of cocirculating arboviruses. Strain-dependent RT-PCR 183 
sensitivity should be recognized as a potential means for misdiagnosis for blood bank and clinical 184 
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specimens collected prior to IgM production. For diagnostic purposes, this highlights the need to use 185 
locally relevant strains for optimizing diagnostic assays. 186 

4. Methods187 

4.1. Viruses 188 

All experiments were performed using the initial expansion of virus from Vero cells. ZIKV and 189 
DENV were obtained from BEI Resources.  ZIKV PRVABC59 (Cat. # NR-50240), was isolated from 190 
a human patient in Puerto Rico during 2015 and is of Asian lineage. ZIKV R103451 (Cat. # NR-50355) 191 
is also of Asian lineage and was isolated from a human placenta during 2016 from a patient who had 192 
traveled to Honduras the previous year. ZIKV MR-766 (Cat. # NR-50065) is a prototype isolate of 193 
African lineage that was isolated from a rhesus monkey in the Zika forest of Uganda during 1947 [6]. 194 

A DENV 1-4 diagnostic reference panel was obtained from BEI Resources and included: DENV-195 
1 TS-SMAN (Cat #: NR-83), DENV-2 New Guinea C (Cat #: NR-84), DENV-3 Philippines/H87/1956 196 
(Cat #: NR-80), and DENV-4 H241 (Cat #: NR-86). Other reference flaviviruses were obtained from 197 
the World Reference Center for Emerging Viruses and Arboviruses and included: Japanese 198 
Encephalitis virus (JEV SA-14-14-2), and Yellow Fever virus (YFV 17D). West Nile virus (WNV) strain 199 
New York 99 was kindly provided by Dr. Long and was from the second passage of virus isolated 200 
from a crow during the 1999 WNV outbreak in New York. 201 

4.2. Monoclonal antibodies 202 

4G2 antibody was purified from D1-4G2-4-15 hybridoma cells (ATCC #HB-112) cultured in 203 
RPMI medium with 10% FBS.  This mAb targets a highly conserved portion of the flavivirus 204 
envelope glycoprotein and has been shown to react with most flaviviruses (27). The mAb ZKA185 205 
was produced from B cells derived from ZIKV-infected but DENV naïve donor (13).  This antibody 206 
is reported to neutralize ZIKV but not DENV (13). The mAb 753(3) C10 binds to the envelope dimer 207 
region and was produced from a human patient hospitalized with DENV hemorrhagic fever with 208 
RT-PCR confirmed infection with DENV1(15).  Both 753(3) C10 and ZKA185 were obtained 209 
commercially (Absolute Antibody, Oxford, UK). 210 

4.3. Patient specimens 211 

ZIKV naïve clinical human specimens with flaviviral exposure history were obtained through 212 
an ongoing study enrolling patients with symptoms of arboviral disease in Pakstan (6, 28). Specimens 213 
were collected at presentation to health care with symptoms of acute febrile illness. Informed consent 214 
and study procedures were reviewed and approved by the Ethics Review Committee at Aga Khan 215 
University (#3183-PAT-ERC-14). All enrolled subjects gave written consent in accordance with the 216 
Declaration of Helsinki.  De-identified, curated human specimens of verified ZIKV exposure but 217 
unknown flavivirus exposure were obtained from BEI Resources. Serum from 4 adult female specific 218 
pathogen-free Polypay sheep (New England Ovis) was included as a flavivirus naïve background. 219 
These sheep were part of a separate ongoing study to evaluate the consequences of congenital ZIKV 220 
infection.  Sheep were infected with 108 infectious units of ZIKV R103451 i.v. Specimens for this 221 
study were collected 4 weeks post inoculation following guidelines approved by the University of 222 
Florida IACUC protocol #201609345.  Sheep were housed under BSL2+ containment and husbandry 223 
conditions. 224 

4.4. Serologic and molecular assays 225 

PRNT of patient specimens was performed in Vero cells as described elsewhere (28, 29).  RT-226 
PCR for ZIKV isolates was performed using the CDC diagnostic one-step RT-PCR protocol with 227 
ZIKV general primers and probe (22, 26). A modified probe with an internal Nova quencher, 5’ FAM- 228 
AGCCTACCT[Nova]TGACAAGCAGTCAGACACTCAA BHQ-1 3’ was used to improve sensitivity 229 
(4). 230 
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Virus inhibition assays using monoclonal antibodies were performed using serial dilutions of 231 
mAb diluted in PBS as described elsewhere (30, 31). Briefly, 100 infectious units of virus were 232 
incubated with mAb in PBS for 1 hour at 37˚C after which Vero cells were inoculated with the mixture 233 
and incubated for 1 hour at 37˚C.  The inoculum was then removed, and the cells rinsed with PBS to 234 
remove any residual mAb and then the cells were covered with a methylcellulose overlay and 235 
allowed to incubate at 37˚C until viral plaques formed (3-10 days depending on virus).  Results are 236 
expressed as the average of at least 2 independent trials with 2 technical replicates for each dilution. 237 
Assay controls included 2 wells each for mock infection, virus only, and mAb with a known 238 
neutralized virus.  Percent neutralization, inhibition, and enhancement were calculated using the 239 
virus only well as the baseline value. 240 

5. Conclusions241 

When exposure history is unknown, ZIKV diagnostics are complicated and ZIKV MR-766 242 
should not be used as a reagent. The current testing algorithm for pregnant women may not be 243 
appropriate in areas with multiple circulating flaviviruses due to serologic cross-reactivity.  Perhaps 244 
this population should be assessed more frequently by RT-PCR in ZIKV endemic regions. Serologic 245 
diagnosis of ZIKV, or any other flaviviruses cannot be consistently or reliably achieved under CDC 246 
guidelines where arboviruses co-circulate.  While ZIKV was the focus of this paper, it deserves 247 
mention that neutralization of YFV and JEV was observed in patients inhabiting non-endemic regions 248 
and without vaccination history. The inconsistent activity of individual ZIKV isolates highlights the 249 
necessity of characterizing virus and reagents for diagnostic use. 250 
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