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BACKGROUND
On February 1st of 2016, the World Health Organization (WHO) declared Zika
virus (ZIKV) to be the most recent Public Health Emergency of International
Concern, and in doing so, elevated it to the same priority status as Ebola virus.
ZIKV, a member of the flavivirus genus, is primarily transmitted by Aedes spp.
mosquitoes. Sexual transmission of ZIKV has also been reported, with active
virus detected in seminal fluid for up to three weeks after symptom onset.
ZIKV has been circulating for over 60 years since its discovery in Uganda, and
until recently had been considered to present minimal risk to human health.
However, significant research efforts are now being driven by the severity of
recent outbreaks on Yap Island in 2007 and in Brazil since 2015. The total
number of cases has risen to approximately 1.5 million, with infection
documented in at least 66 countries. The two major public health concerns
associated with this epidemic are microcephaly and Guillain-Barre syndrome,
which have long term repercussions for brain development, congenital
abnormalities, and neurological function.
The development of rapid and accurate ZIKV diagnostic methods has become a
top priority, with disease kinetics and comportments impacting the best strategies
for clinical diagnosis. Early detection and surveillance of transmission are critical
for an effective response to this global public health threat. Here, we describe a
Real Time RT-PCR assay for the detection of ZIKV.

MATERIALS AND METHODS
Reverse transcription TaqMan® PCR chemistry was utilized to detect ZIKV RNA
in contrived and clinical specimens using primers and probes designed to detect
a portion of the envelope (E) gene. Oligonucleotides were designed to achieve
specificity and inclusivity in detecting the currently circulating ZIKV strain, as well
as other strains of Asian and African lineage. RNA was isolated using NucliSens
easyMAG Total Nucleic Acid Extraction System from bioMerieux and then
amplified and detected using the TaqPath™ qPCR Master Mix kit and ABI 7500
Instrument. Bacteriophage MS2 was used as an internal control to demonstrate
successful extraction and amplification.
The analytical and clinical validity of this test was assessed by establishing
performance characteristics in plasma, serum, and urine specimen types.
Inclusivity and reactivity were evaluated in-vitro and in-silico. The limit of
detection (LOD) was determined by probit and empirical analysis in all specimen
types. Clinical accuracy was evaluated by testing a total of 153 plasma, serum,
and urine specimens including 11 plasma and 32 serum samples from
presumptive ZIKV-positive patients (as determined by clinical presentation), as
well as 30 plasma samples from asymptomatic individuals considered to be at
high risk of ZIKV infection. Samples were collected during a surveillance study in
Colombia, South America. 80 presumptive ZIKV-negative samples consisting of
30 serum, 20 plasma, and 30 urine specimens collected from individual healthy
donors from the USA were included to verify clinical specificity. A paired sample
study was also performed using serum, plasma, urine, and saliva (not a validated
specimen type) from 12 patients previously diagnosed with ZIKV infection from
the Dominican Republic.

VALIDATION RESULTS
ID
0810092CF

Source

Organism / Strain

Zeptometrix ZIKV (strain ID unavailable; African lineage)

PAIRED SAMPLES
ZIKV RT-PCR Ct
29.08

VR-1838

ATCC

ZIKV MR 766 (Uganda 1947)

16.09

VR-1839

ATCC

ZIKV IB H 30656 (Nigeria 1968)

16.35

VR-1843

ATCC

ZIKV PRVABC59 (Puerto Rico 2015)

17.44

143450369

IDT

ZIKV HQ234500 Ultramer (Nigeria 1968)

28.36

143450370

IDT

ZIKV HQ234501 Ultramer (Senegal 1984)

30.36

143450371

IDT

ZIKV KF268948 Ultramer (CAR 1976)

35.13

143450367

IDT

ZIKV KU497555 Ultramer (Brazil 2015)

28.38

Table 1. Reactivity and inclusivity was assessed by testing multiple commercially available
ZIKV strains using the full test method. Also, synthetic DNA ultramers were tested by the
ZIKV Real-time RT-PCR to evaluate the inclusivity of the assay with additional Asian and
African lineage strains containing mismatches within the oligonucleotide binding sites. All
spiked ZIKV samples and synthetic oligonucleotide samples were positive for ZIKV,
demonstrating acceptable inclusivity of the assay.
Zeptometrix
0810092CF
(Copies/mL)

ATCC VR-1843
(PRVABC59)
(Copies/mL)

S1 FSS Zika Virus
(RNA NAAT Units/mL)

S2 PRV Zika Virus
(RNA NAAT Units/mL)

Plasma

97

71

1,000

500

Urine

98

35

1,000

500

Sample ID
Plasma
Serum
Urine
1043-TDS-0052
Detected
Detected
Detected
1043-TDS-0054
Detected
Not Detected
Detected
1043-TDS-0055
Detected
Not Detected Not Detected
1043-TDS-0056 Not Detected
Detected
Detected
1043-TDS-0057 Not Detected Not Detected
Detected
1043-TDS-0058
Detected
Detected
Detected
1043-TDS-0059
Detected
Detected
Detected
1043-TDS-0060
Detected
Detected
Detected
1043-TDS-0061 Not Detected Not Detected
Detected
1043-TDS-0065
Detected
Not Detected
Detected
1043-TDS-0085
Detected
Detected
Detected
1043-TDS-0091
Detected
Detected
Detected

Blood

Positive
Negative

Urine
Positive
Negative
9 (75%)
1 (8.33%)
2 (16.67%)
0 (0.0%)

2.

3.
4.
5.
6.
7.
8.

9.

Table 4. ZIKV Real-time RT-PCR results
from patients with paired blood and urine
samples collected (blood includes plasma
and/or serum).

Figure 4. Summary of
ZIKV samples analyzed
during the Surveillance
Program from May 2, 2016
to October 17, 2016 from
Viracor-IBT’s clinical
diagnostic laboratory
caseload tested by ZIKV
Real-time RT-PCR.
Percentages denote
proportion of samples
detected out of total
samples tested per month.

RESULTS AND CONCLUSIONS
The Viracor-IBT Laboratories (VIBT) ZIKV Real-Time RT-PCR assay
demonstrated excellent analytical specificity, reactivity, and sensitivity in serum,
plasma, and urine specimens.
 No cross-reactivity was observed with pathogens closely related to ZIKV,
pathogens transmitted by the same mosquito vector or pathogens presenting
similar clinical symptoms.
 Clinical accuracy was determined using 109 clinical specimens from ZIKV
endemic regions. The highest positivity rate was observed three days after
reported onset of symptoms; nevertheless, ZIKV was detected up to 22 days
post symptoms (Figure 1).

Table 2. LOD was established using ZIKV strains of African and Asian lineages. LOD
confirmation was performed using full-process standard material provided by the FDA. LOD
was initially predicted by Probit regression analysis to be 68 and 211 copies/mL in plasma
and urine, respectively using the African strain. However, the LOD was subsequently
determined empirically per FDA EUA recommendations.

 In asymptomatic patients at risk, 17 out of 30 specimens were positive (Figure
1). This result emphasizes the frequency of cases that may go undetected due
to a lack of symptoms.
 Results from the paired samples study seem to indicate urine is the most
reliable specimen type for ZIKV detection.

CLINICAL ACCURACY EVALUATION WITH PLASMA,
SERUM AND URINE SPECIMENS

 One patient testing negative for ZIKV in urine exhibited a positive result in
plasma, stressing the importance of collecting both specimen types for clinical
diagnostics (Table 3).

Figure 2. Paired sample positive results according to the number of days after reported
symptom onset at which sample collection occurred.

CLINICAL ACCURACY AND PAIRED SAMPLES
CONFIRMATION BY SANGER SEQUENCING

 Using paired specimens, 75% of patients were found to be positive for ZIKV in
both blood and urine, and all patients tested positive in either blood or urine
(Table 4).
 While the use of saliva specimens has not been validated using this test
method, this appears to be a promising specimen type due to its noninvasive
collection and strong correlation of results with other paired specimen types
(Figure 2).
 Positive clinical accuracy and paired specimen results were confirmed by
nucleotide sequencing of 23 RNA samples. Confirmation by BLAST analysis
showed all top returns consisting of Asian lineage ZIKV isolated in North or
South America from 2015 through 2016.
 Phylogenetic analysis confirmed BLAST analysis findings, with all specimens
clustering with the Asian lineage and forming a monophyletic clade with the
new KU497555/Brazil/2015 and KU501215/Puerto Rico/2015 GenBank
sequences (Figure 3).
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Table 3. Summary
of results for paired
plasma, serum,
urine and saliva
(not a validated
specimen type)
specimens from 12
patients previously
diagnosed with
ZIKV infection.

 A high level of inclusivity was demonstrated (Table 1).

Samples with sufficient high quality RNA were confirmed by Sanger sequencing
using BigDye Terminator 3.1 from Life Technologies.

1.

Saliva
Not Available
Detected
Not Available
Detected
Not Detected
Detected
Detected
Not Detected
Not Detected
Detected
Detected
Detected

CLINICAL SURVEILLANCE

Figure 1. Clinical accuracy and surveillance study results from presumptive ZIKV-positive
patients (as determined by clinical presentation), as well as plasma samples from
asymptomatic individuals considered to be at high risk of ZIKV infection. In addition, paired
plasma, serum and urine specimens were included in this figure. ZIKV RNA was not detected
in any presumptive ZIKV-negative specimens, and these data are not shown.
*Specimens from asymptomatic individuals considered to be at high risk of ZIKV infection.

Figure 3. Neighbor-joining (JukesCantor) phylogenetic tree of nucleotide
sequences spanning the prM and E
gene regions prepared using clinical
accuracy and paired sample consensus
sequences, along with 8 African lineage
and 7 Asian lineage ZIKV sequences
and 1 Spondweni virus sequence from
GenBank. Analysis was performed with
Geneious 9.0.5 software (Biomatters)
using 1,000 bootstraps Patristic distance
of Spondweni outgroup sequence from
the root node was 0.344.

 Surveillance of clinical samples tested at VIBT Laboratories following the
launch of the VIBT ZIKV Real-Time RT-PCR assay reveals that 3.98% of
samples have tested positive for ZIKV (Figure 4). Detection rates have steadily
decreased since August; however, given the smaller sample sizes present in
the first few months, it is difficult to know whether this trend is meaningful.
 Positive clinical specimens tested at VIBT during the surveillance period have
demonstrated higher levels of viruria (mean Ct = 32.06) than viremia (mean Ct
= 35.59), with similar standard deviations (4.65 and 4.73, respectively).
 In conclusion, the data presented here demonstrates that the ZIKV Real-Time
RT-PCR assay developed by VIBT and granted Emergency Use Authorization
by the FDA provides a rapid, sensitive, and accurate means of detecting ZIKV
RNA in plasma, serum, and urine specimens.
 This test could also prove useful in the development of vaccines and antiviral
drugs for the prevention and treatment of ZIKV infection. VIBT will continue to
assess ZIKV positivity rates among clinical specimens received and monitor for
genetic changes by sequencing as part of our surveillance program.
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