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Abstract

Zika virus (ZIKV) is an emerging mosquito-borne pathogen, and belongs to family Flaviviridae, genus Flavivirus.
ZIKV infection was associated with microcephaly and male infertility. The surveillance of ZIKA infection is important
for human reproductive health, and the control of the virus spread. Development of a fast and sensitive assay for
ZIKV detection is urgently needed for China and other Southeast Asian countries. Here, we developed a one-step,
single-tube reverse transcription loop-mediated isothermal amplification (RT-LAMP) assay for ZIKV detection. The
assay has a limit of detection (LOD) of 88 copies of Zika RNA per 25 pl reaction, and can be completed within 20
min when the template input is more than the LOD. Furthermore, it exhibits high specificity and good reproducibility.
Importantly, the result can be visualized by colorimetric change when HNB or calcein is used. To evaluate the
viability of the assay, a comparison between the RT-LAMP assay and a more conversional RT-gPCR was performed
using 20 cell culture supernatants and three urine samples. The ZIKV RT-LAMP showed perfect agreement in
detection with the RT-qPCR. These results demonstrate that the newly developed ZIKV RT-LAMP is simple, rapid
and well suited for ZIKV surveillance, especially in a resource-limited regions.

Keywords: ZIKV; RT-LAMP; Visual detection; HNB; Calcein The potential for more widespread of ZIKV infection is real because
the viral vector, Aedes aegypti, is prevalent in Southeast Asia. This
Introduction poses a new potential public threat for Southeast Asian countries.

Therefore, the development of a fast and sensitive assay for the
Zika virus (ZIKV) is a mosquito-borne flavivirus [1]. It was first  surveillance of ZIKA infection is urgently needed for the prevention
identified from a rhesus monkey in the Zika forest, Uganda in 1947, and control of ZIKV transmission in China, and other countries.
and then in mosquitoes (Aedes africanus) in the same forest in 1948
[2]. Until 1954, the first human case of ZIKV infection was discovered
in Nigeria [3]. For half a century, ZIKV was mainly circulating among
Aedes mosquitos, although sporadic infections occurred in humans
and primates (rhesus monkey) [4]. The first large outbreak of ZIKV
occurred in Yap Island in the Federated States of Micronesia in 2007
[5]. ZIKV infection often causes asymptomatic or mildly symptomatic
in most cases and the syndromes include mild fever, arthralgia,
myalgia, headache, retroorbital pain, conjunctivitis and cutaneous
maculopapular rash [6]. From 2015 to 2016, a major outbreak of ZIKV
occurred in Brazil and other countries in Americas, and caused more
than four million human infections [7]. ZIKV infection in pregnant
women during the first trimester was associated with a significant
increase in microcephaly in the newborns [8]. Furthermore, new
reports showed that ZIKV infection also results in testis damage and
may cause male infertility [9,10]. In December 2015, the World Health . ) . .
Organization (WHO) added ZIKV to the second tier of three diseases real-time fluorescence-detecting PCR instrument using SYBR green I

ranked as serious, and issued travel warnings to ZIKV epidemic areas. or S.YTO. 9 as ﬂuf)rescence dy'es. Becau.se of the isothermal
amplification, LAMP is a good choice as a point-of care test (POCT)

Loop-mediated isothermal amplification (LAMP) is a simpler and
faster pathogen diagnostic method compared to other methods [11],
and was widely used in the detection of various pathogens (e.g. HIV,
respiratory syncytial virus (RSV), adenovirus, enterovirus, etc.)
[12-15]. LAMP employs two to three pairs of primers to efficiently
amplify target sequences under isothermal condition (62-65°C in
general) within 1 h. Compared to other conventional methods (e.g.
PCR), LAMP has higher sensitivity [16]. LAMP produces a typical
ladder like pattern of DNA fragments ranging from approximately 200
bp to several kilobase pairs. The products of LAMP can be detected by
agarose gel or visual inspection of fluorescent signal emitted by
fluorescence dyes (e.g. SYBR green I, calcein etc.) under ultraviolet
(UV) light, or color change when using hydroxynaphthol blue (HNB),
phenol red, neutral red, cresol red or m-cresol purple [17-19].
Furthermore, the amplification of LAMP can be measured using a
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for diagnosis of various pathogens, especially in resource-limited
regions.

To develop a RT-LAMP method for detecting human ZIKV, we
downloaded all available ZIKV genomic sequences from GenBank as
of February 28, 2016. A LAMP primer set for ZIKV detection was
designed using the open access Primer Explorer V.5 software tool
(http://primerexplorer.jp/). The primers were located in NS5 gene

region of human ZIKV (7621 to7813 nt in GD01 KU740184.1), one of
the most conserved regions of ZIKV genome (Figure 1). To prepare the
Zika RNA standard, a 238 nt plus-strand ZIKV genomic fragment
(nucleotide covering 7595 t07832 nt in GDO01 KU740184.1) with T7
promoter at 5’-end was synthesized. The RNA standard was obtained
by in vitro transcription and was quantitated by Nanodrop 2000C
(Thermo, USA).

F3 F2
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L

Flc

=5 i

GCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGA

CCGCOGCGCoT
Blc

TCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAA
B2 B3

i

GCGGOGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAG

-

.’1'4—-’—/?-3-'::;

EIP (E1C-EL)
LF GCCTCTTCTCTGCACACC

LE ACGCTGAGATGETTGETGGA
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car— = [ [ (] ] ] O 10C]
C prM E M51 MN524 | NS3 |Ms4BY M55
MN52ZB M54 A
Primarz Seguancs: (3°-37)
F3 GCCCTGEAGTTCTACTCC
E3 CTCTGCCACATCCAAGATCA
FIP {F1C-F1) TTECCACACCGTCCTIGAGE-TACAAAA AGTC AGGCATCACCE

CATGCTGTGTCCCGAGEAAGT-TCCAT AGGGCTEC AGGTATC

Figure 1: The genomic locations and sequences of primers used in the ZIKV RT-LAMP.

The RT-LAMP reaction system was set up and optimized according
to our previous study [13]. Bst 2.0 DNA Polymerase and Quant RTase
(Tiangen, China) were used in the RT-LAMP reaction. The optimal 25
ul reaction mix contains 2.5 pl 10 x isothermopol buffer, 4 mM MgSO,
(Biolabs, UK), 1.6 mM dNTPs (Roche, Switzerland), 1.6 uM each of
FIP and BIP primers, 0.2 uM each of F3 and B3 primers, 0.8 uM each
of LF and LB primers, 8 units of Bst 2.0 DNA polymerase (Biolabs,
UK) and 0.5 pl of Quant RTase (Tiangen, China). For the real-time
monitoring, 0.4 pM SYTO 9 (Life, USA) was added and the reaction
was detected using Roche LightCycle 96. For the colorimetric
measurement, 120 pM HNB (Sigma-Aldrich, USA) or 50 pM/1 mM
Calcein/MnCl, (Sigma-Aldrich, USA) was added with 6 mM MgSO,
in place of 4 mM MgSO,. The reaction was performed at 62°C for 60
min.

To evaluate the sensitivity of detection of the ZIKV RT-LAMP assay,
a 10-fold serial dilution of ZIKV RNA standard ranging from 10* to

10° copies per pl was prepared. We firstly performed a SYTO 9-based
real-time detection. The result showed that the RT-LAMP can detect as
few as 50 copies of Zika RNA per 25 pl reaction. Almost all
amplification curves of various template input reached plateau within
20 min, showing a rapid amplification (Figure 2a). The product was
separated by gel electrophoresis (Figure 2b). Similar sensitivity of
detection was obtained when either HNB (Figure 2c) or calcein
(Figures 2d and 2e) was used for visual inspection. When the HNB was
used, the reactions with the negative control and 5 copies ZIKV RNA
input showed violet, while the reaction with 50 to 5 x 10* copies of
ZIKV RNA input showed azure color which indicates a positive
amplification result. In the reaction with calcein, the positive reaction
with 50 to 5 x 10* copies of ZIKV RNA input showed yellow-green and
bright green fluorescence under daylight and UV light, respectively,
while there was orange and no fluorescence for negative control.
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Figure 2: The detection sensitivity of the ZIKV RT-LAMP assay. The sensitivity of detection was determined by 10-fold serial dilutions of the
ZIKV RNA standard from 5 x 10° to 5 x 10* copies per reaction. (a) SYTO 9-based RT-LAMP assay (b) Agarose gel electrophoresis of LAMP
products. Lanes 1-6: 5 x 10%, 5 x 103, 5 x 102 5 x 10!, 5 x 10° copies of ZIKV RNA standard per reaction and negative control (NC),
respectively. (c) HNB-based RT-LAMP assay. (d) Calcein-based RT-LAMP assay under daylight. (e) Calcein-based RT-LAMP assay under UV
light Tubes 1-3: negative control (NC); Tubes 4-8: 5 x 100, 5 x 101, 5 x 102, 5 x 103, 5 x 10* copies of ZIKV RNA standard per reaction,

respectively.

We further determined the limit of detection (LOD) of the novel
RT-LAMP assay using template input of 100, 50, 10 and 5 copies per 25
ul reaction (Supplementary Table S1). Each dilution of the ZIKV
standard was tested with 10 replicates. The LOD was defined as a 95%
probability of obtaining a positive ZIKV RNA result [20], and was
determined with probit regression analysis using the SPSS 19.0
software. When the template input of was 100 copies of ZIKV RNA per
25 ul reaction, all 10 replicates (100%) showed positive results
(Supplementary Table S1). When 50, 10, and 5 copies ZIKV RNA were
used in the 25 pl reaction, 8, 5 and 2 positive results were observed,
respectively. Based on these results, the LOD of the novel ZIKV RT-
LAMP assay was calculated as 88 copies per 25 pl reaction with a 95%
confidence interval of 40-806 copies per 25 pl reaction (p < 0.05). The
LOD of the Zika RT-LAMP was comparable with a previously reported
two real-time RT-qPCR method with a sensitivity of detection of 25
and 100 [21].

To determine the specificity of RT-LAMP for ZIKV detection, 14
standard virus strains, including dengue virus serotypes 1-4, RSV A
and B, Influenza A and B, parainfluenza virus (PIV) 3, human
conaovirus (HCoV)-OC43, HCoV-229E, enterovirus EV68, rhinovirus

and adenovirus were tested together with 5 x 10 to 5 x 10* copies of
ZIKV RNA standard using the SYTO 9-based real-time PCR assay. The
results showed that the amplification curves of ZIKV RNA reached
plateau within 20 min, while the amplification curves of dengue
viruses reached the same level after 45 min and no amplification curve
was observed for other viruses (Figure 3). The appearance of
amplification for dengue viruses after 45 min might be due to their
sequence homology at the nucleotide level because both ZIKV and
dengue virus belong to flaviviridae [22].

The reproducibility of the RT-LAMP assay was assessed using 5 x
10* copies of ZIKV RNA standard per reaction with the SYTO 9-based
real time assay. Intra-assay reproducibility was evaluated by comparing
the Threshold cycle (Ct, min) values obtained from three replicates of 5
x 10* copies ZIKV RNA standard per reaction in the same experiment,
and inter-assay reproducibility was assessed by comparing the Ct
values obtained from four individual experiments performed at four
separate days. The results showed that the coefficient of variation (CV)
of intra-reproducibility of the RT-LAMP ranged from 7.91% to 13.41%
and the CV of inter-reproducibility was 14.28% (Table S1). The CVs of
both intra-and inter-reproducibility were within an acceptable range,
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indicating that the RT-LAMP assay for ZIKV detection has a relatively
high reproducibility.
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Figure 3: The specificity of the Zika RT-LAMP assay. The specificity
of the assay was determined using a panel of 14 virus strains,
including dengue virus serotypes 1-4, RSV A and B, Influenza A
and B, PIV 3, OC43, 229E, EV68, rhinovirus and adenovirus.

To further evaluate the performance of RT-LAMP assay for ZIKV,
we compared it with a RT-quantitative PCR (RT-qPCR) using three
urine samples under the patients' consent (obtained from a father and
his two daughters who have returned home from Zika endemic foreign
countries) and twenty culture supernatants from ZIKV infected C6/36
cells (provided by Prof. Dimitri Lavillette at Institut Pasteur of
Shanghai, Chinese Academy of Science). RNA was extracted from 140
ul of urine or supernatant using the QIAamp Viral RNA Mini Kit
(Qiagen, Venlo, Netherlands). Among 20 supernatants, ten were
detected as ZIKV positive with viral copy numbers of 1,735-511,200 by
the RT-qPCR. All these positive samples were also detected as positive
by the RT-LAMP assay. All negative samples by RT-qPCR were
negative by the RT-LAMP assay regardless of using SYTO-9 as real-
time monitoring, or HNB and calcein for colorimetric changes
(Supplementary Table S2 and Figure S1). For the three urine samples,
one was detected as weak positive by both RT-qPCR (17 copies/
reaction) and RT-LAMP (Supplementary Figure S2).These results
demonstrated complete agreement between the RT-qPCR and RT-
LAMP assay regardless of culture supernatants and urine samples were
used. Despite only a limited number of clinical samples were used,
these results support further development of the RT-LAMP assay as a
practical tool for conveniently detect ZIKV infection.

In summary, we developed a new RT-LAMP assay for fast and
accurate detection of ZIKV. The reaction can be completed within 20
min with a high specificity. Validation using twenty cell culture
supernatants and three urine samples confirmed a similar performance
between the new RT-LAMP and the RT-qPCR assays. These results
suggest that the new RT-LAMP could be developed into a simple and
rapid diagnostic kit suitable for ZIKV detection. Such a kit will be
especially useful in resource-limited regions.
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