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Global Arbovirus Movement 

• West Nile virus: 1999 NYC 

 

• Chikungunya 2005-2006: East 

Africa to India; then Western 

Hemisphere 2013 

 

• Zika Virus 2007: Micronesia;     

then Western Hemisphere 2015 



Zika Epidemic Yap State 

Federated 

States of Micronesia; 2007 
• ≈75% residents infected 

(7,000 total residents) 

• ≈ 19% reported symptoms 

• Zika virus complete genome 

derived 

• Serological diagnostics 

developed 

• PCR diagnostics developed 
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Zika Virus: 

Available Diagnostic Tests 

• Nucleic acid testing (NAT) 

– Real-time RT-PCR 

 

• Antibody testing 

– IgM ELISA 

– Plaque reduction neutralization test (PRNT) 

 



General Arbovirus Testing Algorithm 

  <Day 8   ≥Day 8 

RT-PCR 

POS 

REPORT 

NEG 
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Zika Testing by RT-PCR in Serum 

Day Post-

Onset 

RT-

PCR 

Zika 

Est. 

copies/ml 

104004(D3) POS 1850 

104014(D4) POS 5800 

103940(D2) POS 4000 

104121(D2) POS 930 

104139(D1) POS 4320 

104138(D1) POS 1850 

104218(D2) POS 8570 

104234(D0) POS 92100 

104004(D7) POS 2000 

94 PCR POS (approximately 2000 tested) 

 

Positive Range:  Day 0 to Day 7* 

 

Viral Load:  200,000 to 500 copies/ml  

     (Ct average=35.4) 

 

Average:  4000 copies/ml 

 

62% of RT-PCR positive serum 

specimens are IgM positive 

 

*onset dates are often estimates 



Real Time RT-PCR for Zika Virus 

Serum versus Urine 
Sample RT-PCR serum RT-PCR urine 

103922 (D4) POS (1.5 x 104 copies/ml) POS (5.7 x107 copies/ml) 

104072 (D3) NEG POS (9.3 x 103 copies/ml) 

109656 (D3) POS (6.8 x 104 copies/ml)  NEG 

28 total serum/urine pairs 

• 9   (32%) positive both 

• 15 (54%) positive urine/negative serum 

• 4   (14%) positive serum/negative urine  

• viremia higher in urine: 185,000 cp/ml (Ct 30.7) 

 

CONCLUSION: Both sample types should be tested 

 





Combimed RT-PCR & IgM 

Testing 

135 acute serum specimens (day 0– day 7 post-onset) 

 

• 13 (10%) positive by RT-PCR only 

• 71 (52%) positive by IgM only 

• 51 (38%) positive by both assays 





Summary & Future Directions for 
NAT Testing 

• RT-PCR testing has limited utility for testing 

patient population in USA (travelers) 

 

• Serum & urine testing should both be performed 

 

• RT-PCR negative samples should be tested by IgM 

ELISA 

 

• Whole blood testing? 



Zika: Available NAT Tests  
• Abbott RealTime Zika assay (Abbott Molecular) 

• Zika ELITe MGB® Kit (ELITechGroup Inc.)  

• Trioplex Real-time RT-PCR Assay (CDC) 

• Zika Virus Detection by RT-PCR Test (ARUP Laboratories) 

• Sentosa® SA ZIKV RT-PCR Test (Vela Diagnostics USA, Inc.) 

• LightMix® Zika rRT-PCR Test (Roche Molecular Systems, Inc.) 

• xMAP® MultiFLEX™ Zika RNA Assay (Luminex Corporation) 

• VERSANT® Zika RNA 1.0 Assay (kPCR) Kit (Siemens Healthcare 

Diagnostics Inc .) 

• Zika Virus Real-time RT-PCR Test (Viracor-IBT Laboratories, Inc.) 

• Aptima® Zika Virus Assay (Hologic, Inc.) 

• RealStar® Zika Virus RT-PCR Kit U.S. (Altona Diagnostics) 

• Zika Virus RNA Qualitative Real-Time RT-PCR (Focus Diagnostics) 

 

• Blood Screening NAT:  <5 copies/ml 

• Diagnostic NAT:  35-400 copies/ml 

 



Flavivirus Serology:  

Welcome to the Hall of Mirrors  

“Dengue seems to be an extreme example of 

original antigenic sin, where the secondary 

response is entirely constructed from antibody 

that cross-reacts with previously encountered 

virus.” 

“Highest PRNT titers after the second 

infections correspond 

to the serotypes in the first infections” 

 

Karl Johnson:  “Flaviviruses are an antigenic hall of mirrors.” 



Zika Virus Serology Testing: 

The Problems 
• Cross-Reactivity.  Humoral immune response generates 

antibodies (IgM & IgG) that predominately react with 

cross-reactive epitopes on the E glycoprotein. 

 

• Original Antigenic Sin.  In a second flavivirus infection, 

the antibodies generated are primarily directed against the 

E protein of the primary flavirus infection 

 

• Antibody Dependent Enhancement.  Non-neutralizing 

antibodies from the first dengue infection bind to a 

heterotypic dengue virus and enhance infection of cells via 

Fc receptors. 



• IgM Capture ELISA (envelope protein) 

– CDC IgM capture ELISA 

– ZIKV Detect™ IgM Capture ELISA (InBios) 

 

 

• Plaque Reduction Neutralization Test 

Zika Virus Serology: 

Available Tests 



Data From Zika Epidemic 2015-2016 

Primary Zika Infection 

Patient ID (Day 

Post-Onset) 

IgM ELISA 

Zika 

IgM ELISA 

DEN 

PRNT-90% 

Zika 

PRNT-90% 

DEN-1 

PRNT-90% 

DEN-2 

726(D17) POS NEG 1:10,240 NEG NEG 

698 (D6) POS POS 1:20480 NEG NEG 

 

 

CONCLUSION:  Primary Zika infections cross-react in the IgM ELISA yet can be  

               diagnosed accurately by utilizing the PRNT. 

 

In a primary Zika infection: 

28% samples cross-react in the Zika IgM ELISA (n≈250) 



Patient ID (Day 

Post-Onset) 

IgM ELISA 

Zika 

IgM ELISA 

DEN 

PRNT-90% 

Zika 

PRNT-90% 

DEN-1 

PRNT-90% 

DEN-2 

675(D5)** POS NEG 1:160 1:5120 1:80 

004(D7)** POS POS 1:160 1:5120 1:320 

** Zika PCR POS 

CONCLUSION: In secondary flavivirus infections, IgM and PRNT testing is 

unable to determine the recently infecting virus. 

 

In a secondary flavivirus (Zika) infection: 

53% samples cross-react in the Zika IgM ELISA (n≈500) 

Data From Zika Epidemic 2015-2016 

Secondary Infection 



Primary 

 

 

Secondary 

 

Data From Zika Yap Epidemic 2007 



Testing of Neonates 

Patient ID  

(Age, Days) 

IgM ELISA 

Zika 

IgM ELISA 

DEN 

PRNT-90% 

Zika 

PRNT-90% 

DEN-1 

PRNT-90% 

DEN-2 

053 (1) NEG NEG 1:1280 NEG NEG 

182 (9) NEG NEG 1:2560 NEG NEG 

934 (20) NEG NEG 1:1280 1:1280 1:80 



Rare Exceptions 

• IgM positive to Zika/IgM negative to 

dengue & PRNT positive to dengue only:  

8/567 (1.4%). 

 

 

Patient ID (Day 

Post-Onset) 

IgM ELISA 

Zika 

IgM ELISA 

DEN 

PRNT-90% 

Zika 

PRNT-90% 

DEN-1 

PRNT-90% 

DEN-2 

109(D2) POS NEG NEG 1:80 1:320 



How Often Does the PRNT 

Identify Zika or Dengue Infection? 

LOCATION % IDENTIFIED ZIKA or DEN 

USA 44% 

USVI 29% 

American Samoa 16% 

Puerto Rico 15% 

CONCLUSION:  Identifying the flavivirus infection in flavivirus 

endemic areas by IgM/PRNT testing is difficult. 



Diagnosis of Zika Virus 

Infection by Serology 
• IF: Zika virus is the first infection by a flavivirus: 

– IgM ELISA is fairly specific for Zika  

– Plaque reduction neutralization test shows ≥4-fold higher 
titer to Zika 

 

• IF:  Zika virus is the second or subsequent infection: 

– IgM ELISA is not specific; cross-reactivity with other 
flaviviruses 

– PRNT shows high titers to many flaviviruses 

– Definitive diagnosis is not possible 



Future Directions for Zika 

Serology Testing 

• IgM ELISA-envelope protein 

– Virus specific domain III 

– Cross-reactive epitope removal  

– Removal of cross-reactive antibodies 

 

• IgM ELISA-NS1 protein 

 

• Microsphere Immunoassay 

– Quantitative measure of Ab binding to various antigens 

should improve specificity 



THE END 

THANKS ! ! 


