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ARTICLE INFO ABSTRACT

Keywords: Background: Recent emergence of Zika virus (ZIKV), and the global spread of dengue (DENV), chikungunya
qPCR (CHIKV) and West Nile viruses (WNV) raised urgent need of accurate and affordable molecular diagnosis of these
Zika virus clinically indistinguishable arboviral infections.

Dengue virus Objectives: We established a pentaplex real-time reverse transcription PCR (rRT-PCR) assay (CII-ArboViroPlex

:/:\?:tu:iglgr:/}:u‘sllms rRT-PCR) for specific and sensitive detection of the African and American genotypes of ZIKV, all four serotypes

Arboviruses of DENV, CHIKV, WNV and a housekeeping gene as internal control in single reaction.

CII-ArboViroPlex rRT PCR Study design: Specific primers and probe sets were designed for ZIKV, DENV, CHIKV, WNV and RNase P
(housekeeping gene) and tested for in-vitro transcribed RNA standards, virus cultures, clinical samples positive
for ZIKV, DENV, CHIKV and WNV and limit of detection (LOD) were determined for each. Results Using ten-fold
serially diluted in-vitro transcribed RNA, CII- ArboViroPlex rRT-PCR assay has LOD of 100 RNA copies/reaction
(Rn) for ZIKV in serum or urine, 100 RNA copies/Rn for DENV in serum, and 10 RNA copies/Rn for CHIKV and
WNV in serum. LODs from sera spiked with quantitated viral stocks were 2.6 X 102 GEQ/Rn for ZIKV, 2.2 x 10!
GEQ/Rn for DENV-1, 9.4 x 10° GEQ/Rn for DENV-2, 2.3 x 102 GEQ/Rn for DENV-3, 1.4 x 10> GEQ/Rn for
DENV-4, 2.7 x 102 GEQ/Rn for CHIKV, and 1.05 x 10! GEQ/Rn for WNV.

Conclusions: The CII-ArboViroPlex rRT-PCR assay is a quantitative one-step pentaplex rRT-PCR assay for the
molecular detection and differential diagnosis of ZIKV, DENV, CHIKV, WNV and a human housekeeping gene
control in a single- PCR reaction.

1. Background majority of WNV infections are asymptomatic, approximately 1% of

cases result in neuroinvasive disease that manifests as aseptic me-

ZIKV infection is typically asymptomatic or associated with a mild
febrile illness but may result in fetal abnormalities during pregnancy or
Guillain-Barré syndrome in adults [1, 2]. Infection with DENV results in
a broad spectrum of symptoms that range from mild fever to dengue
hemorrhagic fever and dengue shock syndrome [3]. Although the
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ningitis, encephalitis or flaccid paralysis [4, 5]. CHIKV frequently
causes a febrile illness associated with arthralgia and skin rash. Like
ZIKV, CHIKV has also been associated with Guillain-Barré syndrome [6,
71.

Through January 2019, more than two million cases of Zika virus
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(ZIKV) infection have been reported globally, including the Americas,
Asia, and Oceania [8]. Recent outbreaks in Central and South America,
particularly in Brazil, have been associated with neurodevelopmental
disorders, including microcephaly in infants born to mothers with a
history of gestational infection, as well as Guillain Barre syndrome in
infected adults [1,2]. Regions where ZIKV infections are reported are
frequently endemic for dengue virus (DENV), chikungunya virus
(CHIKV), or West Nile virus (WNV). ZIKV, DENV, and CHIKV are car-
ried by same mosquito vector, Aedes aegypti and Aedes albopictus [9].
Early clinical manifestations of infection with these viruses are similar
and typically comprise a mild febrile illness. Thus, differential diagnosis
requires molecular or serological assays. During the acute phase of in-
fection when patients are viremic, real time reverse transcription PCR
(rRT-PCR) assays are the mainstay of molecular diagnostics. Many
singleplex to triplex PCR assays have been developed in the last few
years for detection of ZIKV, DENV, CHIKV and WNV [10-13] but to our
knowledge none of the current molecular assays can simultaneously
detect both African and American ZIKV strains, all four DENV ser-
otypes, CHIKV, WNV and a human housekeeping control gene for assay
validity.

2. Objectives

Our main objective focused to establish an affordable assay to dii-
ferentially diagnose both African and American ZIKV strains, all four
DENV serotypes, CHIKV, WNV and also detect a human housekeeping
control simultaneously in a single PCR reaction.

3. Study design
3.1. Primer and probe selection

We aligned 40 complete genomic sequences of ZIKV (available at
the time of study) from Africa, Asia and Americas, 37 representative
complete genomic sequences of DENV (representing all four serotypes),
20 complete genomic sequences of CHIKV from different geographical
locations, and 32 complete genomic sequences of WNV from GenBank
using Geneious 10.1.2 software (https://www.geneious.com,
Biomatters, Auckland, New Zealand) (Supplementary Table 1). Primers
and probes for specific detection of viral RNAs were designed and
synthesized (Biosearch Technologies, Novato, CA) in the 3’ UTR regions
of ZIKV and DENV, NSP2 region of CHIKV and NS5 region of WNV
genomes (Table 1). Primers and a probe for the detection of a human
housekeeping gene, RNase P, were also selected.

Table 1

Journal of Clinical Virology 120 (2019) 44-50

Primer and probe sequences from the targeted viruses were mapped
amongst each other to test homology and avoid non-specific detection
(Supplementary Table 1). All primer and probe sequences showed
100% sequence identity with their expected targets. Furthermore,
specificity for the cognate templates was also assessed in silico com-
parison to other agents that may cause febrile illness but were not
available for laboratory testing (Supplementary Table 2). All primers
and probes were evaluated using the BLASTn algorithm (NCBI). We did
not identify > 80% nucleotide homology with any of our primer or
probe sequences. Empirical testing of cross-reactivity of the primers and
probes was performed by testing additional viruses and bacteria
(Supplementary Table 3) which may cause febrile illness. No amplifi-
cation was observed with any of the templates, providing no evidence
of potential false positive results due to closely related organisms.

3.2. Plasmid synthesis and generation of in vitro transcribed RNA standard
curves

The 249 bp long 3’ UTR region of ZIKV (ArD165531), the 284 bp
long 3’ UTR region of DENV-3 (449335_Boyaca_CO_2015), the 245 bp
long NSP2 region of CHIKV (S27-African prototype), and the 174 bp
long NS5 region of WNV (HNY1999) were commercially synthesized
and cloned into pUC57 plasmid DNA Vector (GenScript, USA). Plasmids
were digested using BamHI and Xbal restriction enzymes to release
target segments (New England Biolabs) which included a T7 promoter
site on 5’ end after digestion (Supplementary Fig. 1). Gel purified target
inserts were quantified by NanoDrop (ThermoFisher) and used as
templates for in vitro transcription with RiboMAX Large Scale RNA
Production Systems (Promega, USA). In vitro transcribed RNA was
DNase-treated, purified with Trizol (ThermoFisher), and quantitated by
NanoDrop. Based on optical density and insert size, RNA copy numbers
(RNA copies) were calculated and serially diluted (10°-10°
RNA copies/pL) in distilled water with a background of yeast tRNA
(50 ng/ulL).

3.3. Assay performance controls

In-vitro transcribed synthetic RNA standards for ZIKV, DENV, CHIKV
and WNV (serial dilutions of 10°-10° RNA copies/Rn) were used as
virus positive controls. Sterile, nuclease-free water was used as a no
template control (NTC). Extracted total nucleic acid from a human cell
culture preparation known to contain RNase P was used as RNase P
control/rRT-PCR control. Each of the rRT-PCR plate (experiment)
contained positive control, negative control and rRT-PCR control.

. Primer and probe sets, linked reporter fluorophores and quenchers used for detection of ZIKV, DENV, CHIKV, WNV and RNase P in the CII-ArboViroPlex rRT-PCR

assay.

Prime and Probe name Gene traget "Sequence (5' to 3")

Length (bp) Probe modifications

5'-modification (dye) 3'-modification (quencher)

ZIKA.3P.QF 3'UTR ARTGTTGTCAGGCCTGCTAG
ZIKA.3P.QR 3'UTR CTTGRTTTCCCAGCKTCTCCT
ZIKA.3 P.Probe.R610 3'UTR GGGGAAAGCTGTGCAGCCTGT
DENV.3 P.QF 3'UTR ACTAGAGGTTAGAGGAGACCCCC
DENV.3P.QRA 3'UTR GGCGCTCTGTGCCTGGATT
DENV.3P.QRB 3'UTR TGGCGTTCTGTGCCTGGAAT
DENV.3 P.Probe.0560 3' UTR CCCAGCGTCAATATGCTGT
CHIK.NSP2.NQF NSP2 CATCTGCACYCAAGTGTACCA
CHIK.NSP2.NQR NSP2 GCGCATTTTGCCTTCGTAATG
CHIK.NSP2.Probe.FAM NSP2 AAAAGTATCTCCAGGCGG
WNV.NS5.NQF NS5 CATTTGCTCCGCTGTCCCTGTGAA
WNV.NS5.NQR NS5 CCACTCTCCTCCTGCATGGATGGAC
WNV.NS5.Probe.Q670 NS5 TGGGTCCCTACCGGAAGAACCACGT
RNASE-P-QF RPP30 AGATTTGGACCTGCGAGCG
RNASE-P-QR RPP30 GAGCGGCTGTCTCCACAAGT
RNASE-P-Probe.Q705 RPP30 TTCTGACCTGAAGGCTCTGCGCG
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23
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Fig. 1. Standard curves for CHIKV (A), DENV (B), ZIKV (C) and WNV (D) were generated from Ct values obtained for serial 10-fold dilutions plotted against the
amounts of standard RNA copy number. All the assays were performed in duplicate.

3.4. Clinical specimens

Viral RNA positive clinical specimens (serum or urine) were ob-
tained from patients who were ZIKV, DENV, CHIKV or WNV RNA po-
sitive using eastablished rRT-PCRs [14-17]. These samples included
sera from 41 patients with ZIKV, 24 patients with DENV (4 DENV-1, 4
DENV-2, 6 DENV-3, 3 DENV-4 and 7 DENV of unknown serotype), 20
patients with CHIKV, and 19 patients with WNV infection. We also
obtained urine from 24 patients with ZIKV infection. Sixty one sera and
50 urine samples from patients with a febrile illness not attributed to
infection with ZIKV, DENV, CHIKV or WNV were used as negative
clinical controls.

3.5. Nucleic acid extraction

Total nucleic acid (TNA) was extracted from 250 pL of tissue culture
supernatant, serum or urine by using the NucliSENS easyMAG auto-
mated extraction platform (bioMérieux). TNA was eluted in 50 pL of
elution buffer and stored at —80 °C until further use.

3.6. Multiplex one-step real-time RT-PCR assay

The CII-ArboViroPlex rRT-PCR assay includes primers and dual-la-
beled BHQ probes (Biosearch Technologies, Novato, CA) to detect RNA
from ZIKV, DENV, CHIKV, WNV and RNase P. Dual-labeled BHQ probes
are linear, incorporating a fluorophore and quencher covalently at-
tached to the 5’ and 3’ ends of the oligonucleotide, respectively. One-
step rRT-PCR reactions were performed in 25 puL volumes containing all
primers and probes as described in the Supplementary Table 4. Ten
microliters of purified in-vitro transcribed RNA or extracted TNA from
specimens were reverse transcribed and amplified using RNA
UltraSense One-Step Quantitative RT-PCR System (ThermoFisher) with
thermal cycling and detection on the CFX96 Real-Time PCR Detection
System (Bio-Rad). The thermal cycling conditions were used as follows;
a) reverse transcription step at 50 °C for 30 min, b) reverse transcription
inactivation and Taq polymerase enzyme activation at 95 °C for 2 min,
c) followed by 45 cycles of qPCR at 95 °C for 15 s (denaturation) and, d)
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60 °C for 1 min (annealing and extension). Fluorescence signal intensity
was detected after completion of each qPCR cycle and data was col-
lected using CFX Manager Software.

3.7. Virus strains, cell culture, virus amplification, and concentration

ZIKV (strain PRVABC59), DENV type 1 (strain Hawaii), DENV type
2 (strain New Guinea C), DENV type 3 (strain H87), DENV type 4
(Strain H241), CHIKV (strain R80422) and WNV (strain HNY1999)
were cultured for this study (Supplementary methods, Supplementary
table 5). Genomic equivalent quantities (GEQ) were estimated as viral
copy number/ Rn of each viral supernatant and quantified using serial
dilutions of quantitated in vitro T7-transcribed RNA standards diluted in
yeast t-RNA (50 ng/pL) as background.

4. Results
4.1. Assay establishment

The assay comprises positive, negative, and rRT-PCR controls. The
assay runs were considered valid only when amplification products
were obtained for the relevant positive controls and not for irrelevant
viral template targets. The sample was considered positive if the rRT-
PCR amplification curve, based on increasing fluorescence for a primer/
probe set, crossed the threshold within (<) 38.00 cycles. If the am-
plification curve for a primer probe set crossed the threshold above (>)
38 cycles, the sample result was considered negative. The Ct value ‘38’
cutoff was selected because lowest dilution of in-vitro transcribed RNA
standards for ZIKV, DENV, CHIKV and WNV were consistently positive
in duplicate runs with similar Ct values and proper sigmoid amplifi-
cation curve.

4.2. Estimation of the limit of detection (LOD)
Analytical sensitivities were determined by testing serial dilutions

(ten-folds) of RNA standards for all four viruses. Ten microliters of se-
rially diluted (107-10° copies) RNA standards for each virus were tested
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Fig. 2. Probit regression analysis of singleplex versus multiplex CII-ArboViroPlex rRT-PCR. Ten replicates of 10,000, 5000, 1,000, 500, 250, 100, 60, 50, 40, 20, 10
and 5 of in vitro transcribed viral RNA copies were run in CII-ArboViroPlex assays in singleplex format (one template per assay; red dot symbols) or in multiplex
format (all four viral templates per assay; blue diamond symbols). Probit analysis was performed by MATLAB v12 and trendline curves were calculated in Microsoft
Excel v16.16.12 for CHIKV (A), DENV (B), ZIKV (C) and WNV (D). LoDs at 95% CI and p-values (MATLAB) were calculated comparing singleplex and multiplex
results. Curves are shown for the range of 5-100 copies/Rn; for 250 to 10,000 copies/Rn all replicates (100%) were positive with comparable Ct values in all cases
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

in duplicate with the rRT-PCR reaction mix (Supplementary Table 4).
The highest RNA dilution positive in duplicates was considered as limit
of detection (LOD) for that virus. The LOD for CHIKV and WNV RNA
standards was 10 copies/Rn. The LOD for DENV and ZIKV RNA stan-
dards was 100 copies/Rn. The coefficient of determination (R2 values)
for each assay was greater than 0.99 in all cases (0.999 for CHIKV,
0.996 for DENV, 0.993 for ZIKV, and 0.999 for WNV; Fig. 1).

To estimate assay performance in the window between 10-100 co-
pies/Rn and in the presence of competing templates, assays with one
template (singleplex) and all four viral templates present (multiplex)
were performed at 5, 10, 20, 40, 60, 100, 250, 500, 1,000, 5000 and
10,000 copies/Rn with 10 replicates each. Probit regression analysis
[18, 19] indicated comparable performance for all four viruses (ZIKV,
DENV, CHIKV and WNV) in singleplex and multiplex as indicated by
closely matched LoD values at 95% confidence interval (CI) detection
(Fig. 2). Since cases of infection with two or more viruses have been
reported [20-23], these results suggest sensitive detection of simulta-
neous infection even with multiple viruses.

Serially diluted (10°-10? copies/Rn) synthetic RNAs were tested in
triplicate and compared with extracted TNA from virus culture super-
natants using similar viral concentrations (GEQ/Rn). Synthetic in vitro
transcribed RNA and TNA extracts from cultured virus generated
comparable Ct values for the matching dilutions (Supplementary
Fig. 2).

LODs of viral RNA in clinical samples were estimated by serial di-
lutions of virus stocks (Supplementary table 5) spiked in single donor
human serum (SDHS). For TNA extraction, 225 pL of SDHS aliquots
were spiked individually with 25 pL of each serially diluted virus stock.
The spiked serum mixes (250 uL in total) were extracted in triplicate
and eluted in 50-pL of elution buffer. 10 uL of TNA was tested in tri-
plicate and the lowest concentration at which all replicates were posi-
tive was determined as the tentative LOD (GEQ/Rn) for that virus. Only
results with a positive RNase P signal were included. The LODs were
2.6 x 102 GEQ/Rn for ZIKV, 2.2 x 10' GEQ/Rn for DENV-1, 9.4 x 10°
GEQ/Rn for DENV-2, 2.3 x 10% GEQ/Rn for DENV-3, 1.4 x 10° GEQ/
Rn for DENV-4, 2.7 X 10% GEQ/Rn for CHIKV, and 1.05 x 10' GEQ/Rn
for WNV (Table 2). Based on the tentative LODs, 20 replicates of viral
stock spiked into SDHS at the LOD were processed. The LOD from urine
samples spiked with quantitated ZIKV viral stock was 5.6 x 10?> GEQ/
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Rn. Based on the tentative LOD 20 replicates of viral stock spiked into
single donor urine sample at LOD were processed. All samples were
positive (Ct 31.01-33.51), yielding a > 95% confidence for detection
(Table 2).

4.3. Assay assessment with clinical samples

4.3.1. Negative specimens

All negative specimens were tested with the CII-ArboViroPlex rRT-
PCR assay, the comparator CDC-Trioplex (ThermoFisher) assay, and a
published WNV qPCR [16] assay. None of these assays showed signal
for ZIKV, DENV, CHIKV or WNV (Table 3). RNase P was positive for all
the negative specimens by CII-ArboViroPlex rRT-PCR and CDC-Trioplex
assays.

4.3.2. Positive Specimens

Thirty-nine of 41 sera and 25/26 ZIKV positive urine samples were
positive for ZIKV in the CII-ArboViroPlex rRT-PCR assay. All 67 were
negative for DENV, CHIKV and WNV. All 24 DENV positive sera were
positive for DENV in the CII-ArboViroPlex rRT-PCR assay. All 24 were
negative for ZIKV, CHIKV and WNV. All 20 sera positive for CHIKV
were found positive for CHIKV in the CII-ArboVirolPlex rRT-PCR assay.
All 20 were negative for ZIKV, DENV and WNV. All 19 sera that were
WNV positive were positive for WNV in the CII-ArboViroPlex rRT-PCR
assay. All 19 were negative for ZIKV, DENV and CHIKV (Table 3).

Potential cross binding of individual primers or probes that share
nucleotide identity to other agent’s sequences may occur in some in-
stances and affect the sensitivity of multiplex PCR assays [20]. To ad-
dress this concern, we performed an interference experiment for ZIKV
and DENV targets. DENV-3P.F primer, DENV.3 P.PROBE had "80%
identity to ZIKV sequence and ZIKA.3 P.PROBE had "70% identity to
DENV sequence (Supplementary Table 1). Two different concentrations
of ZIKV and DENV (high concn = 1000 X LoD and low
concn = 3 X LoD) were spiked in SDHS and tested in triplicate after
extractions with CII-ArboViroPlex rRT-PCR assay as single agent and
also as co-infection in same sample well. No noticeable difference in Ct
values were recorded despite the high sequence identity with individual
primers/probes and in the presence of the low and high backgrounds of
non-cognate viral templates (Table 4). We did not detect any signal for
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Determination of the presumptive and final limit of detection (LOD) of the ZIKV, DENV 1, DENV 2, DENV 3, DENV 4, CHIKV and WNV for the CII-ArboViroPlex rRT-

PCR assay with serum specimens and ZIKV with urine specimens.

ZIKV DENV 1 DENV 2 DENV 3 DENV 4 CHIKV WNV
LoD
Virus concn (Copies/reaction) 2.58E + 02 2.19E + 01 9.35E + 00 2.32E + 02 1.44E + 03 2.70E + 02 1.05E + 01
Dilution factor from stock 1.00E — 05 1.00E — 05 1.00E — 05 1.00E — 05 1.00E — 05 1.00E — 05 1.00E — 06
Confirmation of the LoD
Average Ct (20 replicates) 31.81 32.87 32.43 31.01 31.2 31.52 33.51
standard deviation 0.76 0.8 0.93 0.81 0.52 0.28 0.48
Call rate 20/20 20/20 20/20 20/20 20/20 20/20 20/20
Call rate % 100% 100% 100% 100% 100% 100% 100%

CHIKV or WNV. Based on our experiment we do not anticipate sensi-
tivity of the assay will be compromised in presence of more than one
agent in the same sample.

The concordance for results obtained using the CII-ArboViroPlex
rRT-PCR assay and other established assays including the LightMix Zika
rRT-PCR test (Roche), Trioplex Assay (Thermofisher), NYS-approved
LDT assays [14], CDC-Dengue virus real-time RT-PCR assay [15], and
WNV-NS3 RT-PCR Assay [16] is shown in Supplementary Table 6. All of
the samples were also tested with the CDC-Trioplex-Assay (Thermo-
fisher) and a WNV-NS3 RT-PCR Assay [16]. The positive percentage
agreement was 95.1% for ZIKV serum assays, 96.2% for ZIKV urine
assays, and 100% for DENV, CHIKV and WNV serum assays.

Table 3

5. Discussion

Differentially diagnosing ZIKV, DENV, CHIKV, and WNV infection is
important for epidemiology and risk assessment. As additional antiviral
interventions are developed, we anticipate that differential diagnosis
may also become important for clinical management. Molecular
methods are rapidly replacing culture in viral diagnostics due to ad-
vantages in cost, sensitivity, ease of use and time to result. Virus iso-
lation from a clinical sample is the gold standard for detection, but is a
laborious and time-consuming method. Virus culture at reference labs is
also not clinically feasible because it requires extensive laboratory setup
and these methods are time consuming and exhaustive. There are sev-
eral singleplex and multiplex RT-PCR assays for detection of arbo-
viruses [24]; however, the CII-ArboViroPlex rRT-PCR assay has the

Clinical Performance of CII-ArboViroPlex rRT-PCR assay for ZIKV, DENV, CHIKV and WNV in Serum and for ZIKV in urine.

Category ZIKV Positive

DENV Positive CHIKV Positive WNV Positive

Positive Controls
ZIKV Positive (Serum) n = 41

CII ArboViroPlex 39/41°
Comparator assays# 41/41
ZIKV Positive (Urine) n = 26

CII ArboViroPlex 25/26"
Comparator assays# 26/26
DENV Positive (n = 24 serum)

CII ArboViroPlex 0/24
Comparator assays# 0/24
CHIKV Positive (n = 20 serum)

CII ArboViroPlex 0/20
Comparator assays# 0/20

WNV Positive (n = 19 serum)

CII ArboViroPlex 0/19
Comparator assays# 0/19
Negative Controls

Negative Controls(n = 61 serum)

CII ArboViroPlex 0/61
Comparator assays# 0/61
Negative (n = 50 urine)

CII ArboViroPlex 0/50
Comparator assays# 0/50
Positive agreement (Serum) (39/41)
Positive % agreement 95.10%
95% CI 89.8-99.2%
Negative agreement (Serum) 124/ 124)b
Negative % agreement 100.00%
95% CI 97.1-100.0%
Positive agreement (Urine) (25/26)
Positive percent agreement 96.20%
95% CI 89.9-99.7%
Negative agreement (Urine) 100%
Negative % agreement (50/50)

95% CI 92.9-100.0%

0/41 0/41 0/41

0/41 0/41 0/41

0/26 0/26 0/26

0/26 0/26 0/26
24/24 0/24 0/24
24/24 0/24 0/24

0/20 20/20 0/20

0/20 20/20 0/20

0/19 0/19 19/19
0/19 0/19 19/19
0/61 0/61 0/61

0/61 0/61 0/61

0/50 0/50 0/50

0/50 0/50 0/50
(24/24) (20/20) (19/19)
100.00% 100.00% 100.00%
93.5-100.0% 92.3-00.0% 92.1-100.0%
(141/141)° (145/145)" (146/146)"
100.00% 100.00% 100.00%
96.1-99.9% 97.5-100.0% 97.5-100.0%
NA NA NA

NA NA NA

@ Individual Ct value for each sample is provided in Supplementary Table 6.

 Includes clinical positive specimens for other viral targets as additional negatives, e.g. for Zika virus the CHIKV, DENV and WNV positive specimens were

included as negatives in the Zika virus performance.
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Table 4
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Interference experiment between ZIKV and DENV primer/probe sets of the CII-ArboViroPlex rRT-PCR assay (in vitro testing).

Ct values in ZIKV (Cal fluor red 610) channel

Ct values in DENV (Cal fluor orange 560) channel

ZIKV1Ct ZIKV2Ct ZIKV3Ct AverageZIKVCt DENV1Ct DENV2Ct DENV3Ct Average DENV Ct
High ZIKV concn (1000 x LoD) 18.67 18.75 18.15 18.52 ND ND ND ND
Low ZIKV concn (3 x LoD) 30.32 30.55 30.20 30.36 ND ND ND ND
High DENV concn (1000 X LoD) ND ND ND ND 18.17 18.56 17.65 18.13
Low DENV concn (3 X LoD) ND ND ND ND 29.50 30.10 30.50 30.03
High ZIKV (1000 x LoD) + Low DENV (3 x LoD)  19.13 18.87 18.85 18.95 29.80 30.10 29.95 29.95
Low ZIKV (3 X LoD) + High DENV (1000 x LoD)  30.15 30.66 31.44 30.75 18.20 18.65 18.50 18.45

advantage of allowing simultaneous detection and quantitation of ZIKV,
DENV (all 4 serotypes), CHIKV, and WNV. In addition, it detects a
human housekeeping gene (RNase P) as an internal control for ensuring
the integrity of RNA template and overall assay performance. Out of 67
ZIKV postive clinical samples, 2 sera and 1 urine sample that were
negative at 38 cycles in the CII-ArboViroPlex rRT-PCR assay were found
to be positive with comparator assays (1 sample each in LightMix Zika
rRT-PCR test, Wadsworth Center New York State-approved ZIKV assay,
and the Trioplex assay). These samples were positive at 38.63, 38.40
and 38.05 cycles respectively in the CII-ArboViroPlex rRT-PCR assay.
We speculate that freeze-thaw cycles may have caused degredation of
template. Based on its performance characteristics the CII-ArboViroPlex
rRT-PCR assay received emergency use authorization by the FDA for
detection of ZIKV, DENV, WNV and CHIKV in serum and for ZIKV in
urine [25].

6. Conclusions

We developed a quantitative one-step pentaplex rRT-PCR assay “CII-
ArboViroPlex rRT-PCR” for the molecular detection and differential
diagnosis of ZIKV, DENV, CHIKV and WNV and a human housekeeping
gene (RNase P) which ensures assay validity in single-PCR reaction.
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