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A B S T R A C T

Zika Virus (ZIKV) is a mosquito-borne flavivirus that the World Health Organization (WHO) declared a global
concern due to the severity of infection. This study focuses on determining the level of detection of ZIKV RNA in
human serum and urine. Known amounts of Zika virus were added to uninfected human serum and urine
samples. Different reverse transcriptases were compared to select the optimal enzyme for this application. Zika
RNA in these samples was then quantified with qRT-PCR to determine the lower limit of detection in these fluids
and to construct a standard curve. Student’s t-test of paired samples was used in order to identify statistical
differences. The SuperScript III enzyme was able to produce more ZIKV cDNA when compared to PrimeScript.
Zika virus RNA was found to be detectable at lower levels (2.5 PFU/mL) in urine than in serum (250 PFU/mL)
when using SuperScript III. This study demonstrates how the selection of both the human clinical specimen, and
the reverse transcriptase enzyme involved in the molecular detection of ZIKV by quantitative real-time poly-
merase chain reaction (qRT-PCR), play an important role in enabling improved detection of the virus.

1. Introduction

Zika virus (ZIKV) belongs to the Flavivirus genus of positive-sense
single-stranded RNA viruses, together with dengue virus (DENV), West
Nile (WNV), and yellow fever virus (YFV). The ˜10.8 kb genome pro-
duces a single polyprotein that is co- and post-translationally processed
into 10 mature proteins (Lindenbach, 2003; White et al., 2016). While
ZIKV is transmitted primarily through the bite of an infected Aedes
mosquito, there is evidence supporting sexual transmission (Moreira
et al., 2016; McDonald et al., 2017; Musso et al., 2017). ZIKV has been
detected in sporadic and isolated outbreaks in Africa, Southeast Asia
and the Pacific Islands before early 2015 (Duffy et al., 2009; Galindo-
Fraga et al., 2015), followed by a subsequent outbreak in South and
Central America (White et al., 2016; Musso, 2015). While most ZIKV
infections are associated with mild or asymptomatic viral disease, the
magnitude of the recent epidemic has demonstrated that ZIKV can
cause neurological syndromes including Guillian-Barre syndrome in
adults, and congenital neurological disease such as microcephaly in a
developing fetus (Russo et al., 2017). The World Health Organization
declared the ZIKV epidemic a global Public Health Emergency of

International Concern in February 2016 (WHO, 2016), but lifted its
designation in November 2016. The emergence and reemergence of
ZIKV and similar pathogens around the world requires constant sur-
veillance to facilitate rapid detection of new outbreaks.

Waggoner and Pinsky described methods including viral culture,
antibody/antigen detection and RNA detection to identify ZIKV mate-
rial in human specimens (Waggoner and Pinsky, 2016). Although an-
tibody-based assays to detect ZIKV are being developed to enable di-
agnosis after an acute infection (Balmaseda et al., 2017; Steinhagen
et al., 2016), such methods are not only time consuming and laborious,
but currently lack regulatory approval in the United States. Similarly, a
combination of comparative genomics and protein structure analysis
has been utilized to identify regions that could distinguish between
antibodies against a panel of flavivirus species and subtypes (Lee et al.,
2017). Nonetheless, serology-based diagnostics still require optimiza-
tion and standardization. Genome-based detection methods such as
qRT-PCR and/or sequencing can easily distinguish between ZIKV and
other Flaviviruses during acute infection (Hayes, 2009), with several
sets of reagents for nucleic acid tests (NATs) being granted emergency-
use authorization for detecting ZIKV in clinical samples. Real-time

https://doi.org/10.1016/j.virusres.2019.01.013
Received 1 October 2018; Received in revised form 11 January 2019; Accepted 21 January 2019

⁎ Corresponding author.
E-mail addresses: pviedma@jcvi.org (M. del Pilar Martinez Viedma), purivinita@yahoo.com (V. Puri), loldfiel@jcvi.org (L.M. Oldfield),

rshabman@atcc.org (R.S. Shabman), gtan@jcvi.org (G.S. Tan), bpickett@jcvi.org (B.E. Pickett).

Virus Research 263 (2019) 173–178

Available online 10 February 2019
0168-1702/ © 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/BY/4.0/).

T

http://www.sciencedirect.com/science/journal/01681702
https://www.elsevier.com/locate/virusres
https://doi.org/10.1016/j.virusres.2019.01.013
https://doi.org/10.1016/j.virusres.2019.01.013
mailto:pviedma@jcvi.org
mailto:purivinita@yahoo.com
mailto:loldfiel@jcvi.org
mailto:rshabman@atcc.org
mailto:gtan@jcvi.org
mailto:bpickett@jcvi.org
https://doi.org/10.1016/j.virusres.2019.01.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.virusres.2019.01.013&domain=pdf


quantitative PCR (qRT-PCR) is a rapid, sensitive and specific method for
virus detection at any stage of acute infection (Mackay et al., 2002;
Watzinger et al., 2004; Faye et al., 2013; Tien et al., 2017). In contrast
to conventional assays, qRT-PCR provides high specificity together with
easy standardization and a quantitative measurement.

Serum and urine are two of the most commonly collected types of
human specimens for testing with qRT-PCR. The composition, manip-
ulation and processing of such samples are critical factors for optimal
virus detection. Both RNA extraction efficiency and downstream PCR
amplification could be affected by the concentration of virus in such
clinical samples, which can impact the ability to detect viral genetic
material. In addition, molecules like IgG, hemoglobin and lactoferrin
that are present in blood, serum or plasma samples have been described
as inhibiting PCR reactions (Schrader et al., 2012). Anticoagulants such
as heparin can also affect the results of PCR (Costafreda et al., 2006). In
addition, the presence of these and other inhibitors in RNA extracted
from sera is an obstacle for viral RNA amplification by qRT-PCR (Konet
et al., 2000). Urine is another type of human specimen that is frequently
used for viral diagnosis, especially since viral RNA is detectable in urine
at a higher load and for a longer period of time than it is in blood or
cerebrospinal fluid (Tonry et al., 2005; Barzon et al., 2013). A protocol
for isolating WNV and ZIKV genetic material from urine has been de-
scribed (Barzon et al., 2014; Gourinat et al., 2015); however, the need
to optimize ZIKV detection by qRT-PCR and correlate cycle threshold
(Ct) values to viral load should be addressed in order to improve the
interpretation of data generated by qRT-PCR methods.

This study was consequently designed to establish and optimize a
quantitative, sensitive, and specific method for ZIKV RNA detection in a
manner that would allow additional downstream experiments.
Specifically, our approach would apply the gold standard qRT-PCR
method to serum and urine, the two most common human clinical
materials used for diagnosis of ZIKV infection. In parallel, we performed
additional experiments to determine which type of clinical material,
either urine or serum, is ideal for detecting ZIKV-infected individuals.
To optimize a qRT-PCR method for ZIKV detection, we spiked different
amounts of ZIKV in urine or serum and then investigated the ability of
two different reverse transcriptases to efficiently and consistently detect
virus genetic material in either type of human fluid.

2. Materials and methods

2.1. Virus and cells

Stocks of ZIKV virus strain PRVABC59 were obtained from the
Biodefense and Emerging Infections Research Resources Repository
(BEI Resources, NR-50240) and used to infect Vero cells with a multi-
plicity of infection (MOI) of 0.01. Three days following infection, the
supernatant was collected and centrifuged at 2000 rpm for 10min at
4 °C, then stored at -80 °C. A plaque assay was performed in triplicate to
titer the ZIKV stocks by making 10-fold serial dilutions of the viral
supernatant prior to using it to infect Vero cells that were 90% con-
fluent. Three days after infection, plaques were counted and the titer of
the viral stock was calculated in plaque forming units (PFU)/mL from
three biological replicates (Agbulos et al., 2016).

2.2. Inoculation of human specimens

The virus stock was then added to human serum and human urine
from 3 healthy donors that were obtained from BioreclamationIVT. The
urine was filtered using 0.45 μm filters from Millipore-Sigma before any
manipulation. Two hundred microliters of each matrix were spiked
with 1 μL of undiluted or 10-fold serial dilutions of the ZIKV strain
PRVABC59 stock at 5× 107 PFU/mL.

2.3. Viral RNA extraction, primers and qRT-PCR

RNA extraction of spiked samples (200 μL) was performed using
QIAamp Viral RNA mini kit (Qiagen). Five microliters of extracted RNA
were used for cDNA synthesis using two different reverse-transcriptase
enzymes: PrimeScript (Takara) and SuperScript III First-Strand
Synthesis SuperMix (Life Technologies). Custom Taqman Primers and
Probes were ordered from IDT. Separate primers and probes were de-
signed for the Asian and African lineages, with the African lineage used
as a negative control in these sets of experiments. Specifically, a
bioinformatics analysis was performed to identify the best sequences for
primers and probes. This workflow consisted of: 1) collecting available
Asian and African ZIKV complete genomes from the Virus Pathogen
Resource (ViPR) database (Pickett et al., 2012), 2) generating a mul-
tiple sequence alignment with MAFFT (Nakamura et al., 2018), 3)
performing a statistical analysis to identify nucleotide positions that
significantly differed between Asian and African lineages (Pickett et al.,
2013), and 4) confirming the specificity of the reagents using BLAST
(Altschul et al., 1990). The Asian primer set is as follows: (forward
primer) ATAACAGCTTTGTCGTGGATG; (reverse primer) TAACCTTGA
GCCAGACACTAG; FAM-probe: AGAGCATGGAACAGCTTTCTTGTG.
The African primer set is as follows: (forward primer): TGAGAGCATG
CTGCTAGC; (reverse primer) TGGCACGGCCATTGCTCG; VIC-probe:
TGGATTTGCTTTGGCCTGGTTGG. For the qRT-PCR reaction, 4 μL of
diluted cDNA (1:2) were added to the reaction using TaqMan Universal
Master Mix II with UNG (Applied Biosystems). An ABI7500 (Applied
Biosystem) instrument was used to calculate the Ct values during the
qRT-PCR assay and the protocol involved: incubation at 50 °C for 2min,
polymerase activation at 95 °C for 10min; followed by up to 45 cycles
of denaturation at 95 °C for 15 s and annealing/extension at 60 °C for
1min.

2.4. Standard curves

Ten-fold serial dilutions of ZIKV genetic material from BEI resources
(NR-50244) were used to establish the correlation between Ct and
number of molecules/μL of viral RNA. The copy number of RNA
(number of molecules/μL) was calculated as:

[RNA concentration (g/mL)] / [RNA transcript length (nucleotides)
× molecular weight of a nucleotide (330 g/mol)] × Avogadro’s
number (6.023×1023)].

In the same way, RNA from ZIKV stock (BEI, NR-50240) was serially
diluted to establish the correlation between Ct and PFU/mL.

2.5. ZIKV infected individual samples

Serum and urine samples from three infected individuals were
analyzed using the qRT-PCR method described above. Samples from
two of these patients were collected during the first clinical visit, while
the sample from the third patient was collected 7 days after the first
clinical visit.

2.6. Statistical analysis

A two-tailed paired Student’s t-test was performed to compare the
mean values of each data set, with p-values< 0.05 being categorized as
significant.

3. Results

3.1. ZIKV detection by qRT-PCR

In order to determine the best conditions for ZIKV detection, we
spiked different concentrations of culture-grown virus (from 2.5× 105

to 2.5×10−2 PFU/mL) into either human serum or filtered urine to
evaluate the efficiency of detection by qRT-PCR. We purposefully
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avoided filtration of the serum due to its viscosity. After viral RNA
extraction, cDNA was synthesized with two distinct reverse tran-
scriptase enzymes to enable the identification of any differences during
downstream virus quantification. The results of this experiment clearly
showed differences in the ability to detect ZIKV based on the type of
clinical specimen, as well as the reverse transcriptase enzyme used for
cDNA synthesis (Fig. 1). As expected, both matrix composition and the
selected reverse transcriptase contributed to our ability to detect viral
genetic material. Based on these results, we decided to perform a more
in-depth analysis by comparing these variables side-by-side.

3.2. Reverse transcriptase sensitivity for ZIKV detection

We began by studying how the different activities of reverse-tran-
scriptase enzymes could affect ZIKV detection by qRT-PCR. Regardless
of the clinical specimen that we used for RNA extraction, the
SuperScript III (SSIII) reverse transcriptase enzyme showed sig-
nificantly lower Ct values in detecting ZIKV by qRT-PCR compared with
PrimeScript (PS) (Fig. 2). This fact could be interpreted to mean a
higher efficiency of SSIII; however, comparing the slopes and R2 values
showed minimal difference (data not shown). Notably, the filtered
urine samples showed that lower concentrations of the virus were still
detectable when the cDNA synthesis was performed with the SSIII en-
zyme (Fig. 2B).

3.3. ZIKV detection in serum and urine samples spiked with ZIKV

We then performed a side-by-side comparison to quantify our ability

to detect ZIKV in serum and filtered urine by qRT-PCR. This experiment
showed that we were better able to detect ZIKV in filtered urine samples
when compared against serum (Figs. 3A, 3B). Both of the enzymes that
we tested showed statistically-significant differences in the Ct values for
detecting ZIKV in both types of specimens, showing lower Ct values in
the detection of ZIKV in filtered urine when compared with serum. We
also found a 100-fold lower limit of detection (LOD) for ZIKV in filtered
urine than in serum when we used the SSIII reverse-transcriptase for
cDNA synthesis (LOD 2.5 PFU/mL and 250 PFU/mL respectively), in
accordance with the previous results (Fig. 2B). This observation was
determined to be statistically significant (p= 0.01) and can be used to
better inform future clinical study designs.

It is not always possible to obtain large volumes of samples for
processing and analysis. In order to avoid extra and unnecessary steps
in the sample preparation process, we repeated the experiment with
and without the urine filtration step or the 30 s centrifugation for both
matrices prior to RNA extraction. Regardless of whether the samples
were filtered or centrifuged, we found no observable differences in our
ability to detect ZIKV in spiked urine at the concentration tested
(Fig. 3B). Similarly, the centrifugation step did not produce any no-
ticeable difference in the detection of virus in serum.

3.4. Quantification and standard curve of ZIKV RNA and infectious
particles

In order to test the sensitivity and specificity of the qRT-PCR assay,
we first generated a standard curve using ten-fold serial dilutions of
ZIKV genetic material to determine the LOD for the primer-probe set.
The detection ranged from 8.6× 106 to 0.865 molecules/μL with a R2

value of 0.99, showing a good confidence in correlating Ct values and
the number of molecules per microliter (Fig. 4A). We then evaluated the
lowest detection limit of the qRT-PCR assay using 10-fold dilutions of
the ZIKV stocks, which enabled us to quantify the virus concentration
(PFU/mL) based on the Ct values generated by the qRT-PCR assay
(Fig. 4B). The sensitivity of the assay ranged between 1.4×107 and 1.4
PFU/mL. The Ct values were linear and correlated extremely well with
the concentration of viral ZIKV RNA that we used (R2 value of 0.99).
These data allowed us to calculate the concentration of ZIKV (PFU/mL)
in infected samples based on the Ct values that were generated by qRT-
PCR.

3.5. ZIKV detection clinical samples from infected individuals

In order to corroborate our results, we decided to perform these
assays in clinical samples collected from ZIKV-infected individuals. To
do so, we obtained archived serum and urine samples from three dif-
ferent patients and followed the same experimental protocols as de-
scribed above. The results from these assays detected ZIKV in one out of

Fig. 1. ZIKV detection by qRT-PCR at different concentrations of the virus in
human serum and filtered (“F”) urine. qRT-PCR was carried out using two re-
verse-transcriptase enzymes: SuperScript III (SSIII) represented in blue for fil-
tered urine (F-Urine) and in orange for serum samples, and PrimeScript (PS)
represented in grey and yellow for F-Urine and serum respectively. The ex-
periment was performed in triplicate with the corresponding standard deviation
measurement, and the addition of a negative control (NTC).

Fig. 2. Reverse transcriptase efficiency for ZIKV detection. Side-by-side comparison of the effect that reverse-transcriptase SSIII (orange and yellow) or PS (blue and
grey) had on ZIKV detection in serum (A) and filtered urine (B) by qRT-PCR. A two-tailed Student’s t-test of the paired means was used to calculate the p- values when
comparing the two enzymes in the same matrix.
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the three available urine samples, while ZIKV was not detectable in
paired serum samples. Interestingly, the positive urine sample was
collected during the first visit to the clinic, which was likely closer to
the time of peak viral titer. Similar to our previous results, we observed
improved detection of ZIKV in clinical samples when using the SSIII

enzyme over the PS enzyme in clinical samples (Fig. 5).

4. Discussion

The recent re-emergence and expansion of ZIKV in the western

Fig. 3. ZIKV detection in ZIKV-spiked clinical sample types. (A) Ct values corresponding to ZIKV detection by qRT-PCR in filtered urine (blue and grey bars) and
serum (orange and yellow bars) using either the SSIII (upper panel) or the PS (lower panel) enzyme. A two-tailed Student’s t-test of the paired means was used to
calculate the p-values when comparing the each enzyme in both matrices. (B) Effect of filtration (“F”) and spinning (“Sp”) before RNA isolation for ZIKV identi-
fication.

Fig. 4. Sensitivity of the qRT-PCR assay. (A)
Quantification and standard curve of number
of molecules of ZIKV RNA/μL. Ct values were
generated by qRT-PCR of extracted 10-fold
serial diluted RNA from ZIKV stock. The stan-
dard curve was generated with 10-fold serial
dilutions of ZIKV RNA. Ct values obtained are
represented against the log of the number of
molecules of ZIKV RNA. (B) Quantification and
standard curve of ZIKV infectious particles. Ct
values were generated by qRT-PCR of extracted
10-fold serial diluted RNA from ZIKV stock.
The standard curve was generated with 10-fold
serial dilutions of ZIKV RNA. Ct values ob-
tained are represented against the log of the
quantity of infectious viral particles (PFU/mL).
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hemisphere shows the need to develop rapid, specific and less-de-
manding extraction and amplification methods to detect the virus in
patients. Selecting the ideal human specimens to detect ZIKV genetic
material using qRT-PCR is an important step towards better detection of
the virus in a way that is minimally invasive for the patient.

In our study, we have demonstrated that the type of matrix and the
reverse transcriptase used in the assay play an important role in the
ability to detect ZIKV by qRT-PCR. After performing a more in-depth
analysis by comparing these variables side-by-side, we report that the
SSIII reverse transcriptase is more suitable under these conditions than
the PS enzyme for synthesizing ZIKV cDNA for downstream detection
by qRT-PCR in the two matrices tested. These results confirm the need
to account for enzyme evaluation when performing such experiments.

Our results demonstrate that the limit of viral RNA detection using
these reagents is lower in urine than it is in serum, which concurs with
previous reports of detecting WNV RNA at a higher load in urine than in
other specimens (Tonry et al., 2005; Barzon et al., 2013). However, the
underlying reason(s) for this observation are not completely clear. It
could possibly be due to factors such as enzyme inhibitors present in the
serum or the intrinsic viral burden found in either physiological com-
partment during ZIKV infection. Of note, we showed that neither the
filtration nor the centrifugation steps are critical for sample processing
before ZIKV RNA extraction, which may be useful to reduce the time
and resources needed to complete similar protocols in clinical labora-
tories. The use of urine samples for ZIKV infection diagnosis has clini-
cally-relevant implications, since its collection is rapid, non-invasive,
and a relatively high volume of material being produced by the patient-
especially when compared with specimens derived from blood. It is also
interesting that the LOD of ZIKV in urine is lower than it was in serum.
Therefore, a negative result for ZIKV by a qRT-PCR assay of patient
serum cannot always be interpreted to mean a lack of ZIKV infection
and consequently it remains possible for the virus to propagate in and
from the patient during acute infection. Previous work has shown that
urine samples were found to be positive for ZIKV for a longer period of
time than serum samples after the onset of disease (Gourinat et al.,
2015). Taking this into consideration, urine is the ideal human clinical
sample for ZIKV detection by qRT-PCR, and is very suitable for
screening of samples collected in large-scale investigations as well as in
epidemiological studies. We were able to validate these results in urine
collected from a patient who was diagnosed with ZIKV infection;
however, we could not detect the presence of ZIKV in the paired serum
from the same patient. Paired samples from two other infected patients
gave negative results in both urine and serum, suggesting a longer
period of time had elapsed between peak viral titer and reporting at the
clinic. Due to the limited number of paired serum and urine samples we
are unable to perform more assays on clinical samples from infected
individuals. Our results show promise as an alternative to detecting
ZIKV in the clinical setting and support our earlier detection experi-
ments performed with artificially “spiked” virus to mimic infected
samples.

The standard curve that we generated to quantify the virus con-
centration (PFU/mL) with these reagents can help identify the clinical
stage of the infection (early, acute, late). Given the length of the primers
and probes, the specificity, and the sensitivity, we expect that these
reagents can be useful in identifying new ZIKV outbreaks and enabling
the relevant public health personnel to better control the spread of this
pathogen.

5. Conclusions

This study provides a sensitive and specific method to detect ZIKV
genomic RNA in two of the most common human specimen types. The
qRT-PCR reagents reported here comprise a useful tool for virus de-
tection, quantification and consequently, prevention of viral transmis-
sion to other individuals.
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