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Abstract

Dengue feveris a serious disease that threatens 40% of the world’s population, and
without a vaccine or therapy, accurate diagnosis is critical in trying to save patients.
Our work establishes an alternative and more specific set of oligonucleotides for
use in detecting the dengue viral genome via semi-quantitative nested PCR using
a relatively inexpensive enzyme and a quantitative PCR (QPCR) method using
SYBR Green. To validate the DENV detection methods, assays were performed
to ensure the specificity and sensitivity by generating five amplicons of standard
virus samples obtained from infected Vero cell cultures. Semi-quantitative nested
PCR and SYBR Green PCR techniques are important tools in the detection and
guantification of the four serotypes of dengue virus and can be used for dengue
virus detection in mosquito vectors, as well in serological or other human fluids,
in much the same way as tests for dose-responsiveness of antivirals in laboratory
cell cultures and viral load determinationsare performed in other types of studies.
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Introduction

Dengue fever arthropod-borne disease is transmitted by Aedes
and caused by dengue virus (DENV), a member of the Flavivirus
genus and Flaviviridae family. Dengue fever is currently one
of the most important epidemics since it threatens 40% of the
world's population who live in high risk areas. Every year, 50 to
100 million cases of Dengue fever are reported worldwide, with
12,500 deaths [1-5].

At present, Brazil faces 3 simultaneous epidemics caused by the
Zika virus (ZIKV), Chikungunya virus (CHIKV) and DENV, in addition
to some cases of sylvan yellow fever virus (YFV) infections, all
of which are transmitted by the Aedes aegypti mosquito. In this
context, the clinical and epidemiological diagnoses of these
diseases are difficult since their symptoms are very much alike [6].

A definitive diagnosis of DENV infection depends on isolating the
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virus and detecting antigens or viral RNA [11]. There are 4 dengue
serotypes (DENV1-4), which are genetically similar and share
approximately 65% of their genomes. This diagnostic test takes
time, making medical decisions difficult. An accurateand urgent
dengue diagnosis is also essential for adequate epidemiological
control by the Disease Control Measures Program [7,8]. The

© Under License of Creative Commons Attribution 3.0 License | This article is available from: www.acmicrob.com

most efficient approach to confirm the presence of arboviruses
is through molecular diagnostics. The World Health Organization
recommends the use of genomic detection methods for DENVs
for laboratory confirmation of the virus during the five to six days
after the onset of symptoms [9,10]. PCR-based techniques, such
as polymerase chain reaction (PCR) and reverse transcription
PCR (RT-PCR) are suitable tools for the identification and
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determination of different dengue serotypes during the acute
period of the disease [11,12]. In general, accurate PCR results
using this protocol are incompatible with inexpensive enzyme
kits, which led to a search for cheaper ways to detect DENV
1-4 since Brazil faces a scarcity of economic resources and the
dengue outbreak cannot be ignored.

Chien et al. [13] reported assessing the performances and
advantages of 4 standard semi-quantitative PCR assays for the
detection of dengue virus RNA in clinical samples. They upgraded
a C-prM protocol, first described by Lanciotti, et al. [14] through
the modification of the DENV consensus D1 (mD1) and serotype-
specific TS2 (mTS2) primers and redesigned the serotype-specific
TS1 (rTS1) and TS4 (rTS4) primers. The authors concluded that
the newly established C-prM protocol was the most sensitive
method to detect and quantify dengue serotypes [15].

Our work establishes a new method and alternative approach for
serotyping dengue virus with more specific set of oligonucleotides
designed near the region described by the Chien et al. [16]. We
propose an experimental procedure using semi-quantitative
nested PCR using a less expensive enzyme and a quantitative
PCR (qPCR) method using SYBR Green. To validate the DENV
detection method, assays were performed to ensure specificity
and sensitivity with regard to five amplicons of standard virus
samples obtained from infected Vero cell cultures.

Material and Methods

Oligonucleotide design

A representative sequence in NCBI from each virus was used for
the development of the primers; specifically, DENV-1 (Hawaii),
DENV-2 (16681), DENV-3 (H87), DENV- 4 (H241), Japanese
encephalitis virus (Sal4-14-2), St. Louis encephalitis virus (MSI-
7), West Nilevirus (NY99), YFV (17D) and ZIKV (MR766) were
used. These sequences were aligned using the Clustal W tool on
the website (http://www.genome.jp/tools/clustalw/) to design
adequate DENV primers. This step was followed by a second
alignment using only DENV sequence regions similar to those
described by Lanciotti et al. [17] to design general and specific
primers. Based on the DENV1-4 alignment, it was possible to
determine the best primer sequences following the guidelines
described by Thornton and Basu, (2011). In order to check if
designed primer positions are conserved in DENV virus sequences
in C-prM region, we first searched the nucleotide NCBI database
using keyword expression: "Dengue virus"[porgn: _txid12637]
AND genome NOT partial NOT nearl”. It was found 4,089 complete
genome sequences of DENV1-4. These sequences were joined in
a file named dengue_genomes.fasta. As a second step, we used
the emboss primersearch tool locally to search the DNA database
(dengue_genomes.fasta) for match with the sets of specific primers
for DENV1-4, separately. Primers (DENV1=STD1/rTS1; DENV2=
STD2/mTS2; DENV3=STD3/TS3 and DENV4=STD4/rTS4)

Preparation of viruses

In this work, the four DENV serotypes, as well as ZIKV and YFV
were used. All viruses (MOI=0.02) were grown in African green
monkey kidney (Vero) epithelial cells that were initially grown in
25 cm? plastic culture bottles, followed by passaging in a 750 cm?
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roller bottle system and were incubated at 37°C for 7 days until
observation of cytopathic effects. The supernatants of each DENV
serotype were removed, centrifuged, aliquoted and stored at
-80°C. Subsequently, viruses were titrated by the plaque method
as described and by Putnak et al. (1998) with modifications and
were cultured at 37°C with 5% CO, in Dulbecco's modified Eagle's
medium (DMEM; Invitrogen Carlsbad, CA, USA), supplemented
with 2.5% fetal bovine serum (Gibco-Invitrogen, Carlsbad, CA,
USA), 100 units/mL penicillin and 100ug/mL streptomycin [18].
These DENV (1-4) samples were used for the positive standards.

Viral RNA extraction and cDNA synthesis

Total RNA was extracted from 200 pL of viral supernatants using
the TRIzol method (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer's instructions, followed by elution in 25
pL of nuclease-free water. The viral RNA concentrations were
estimated at 260 nm using a SmartSpec spectrophotometer (Bio-
Rad, Hercules, CA, USA). For the DNase treatment, 8 uL of the
viral RNA sample, 1 pLof DNase | 10x buffer and 1 uM RNase-free
DNase (Fermentas, Burling, Canada) were incubated for 30 min
at 37°C following the manufacturer’s instructions. The reactions
were stopped with 50 nmol of ethylenediaminetetraacetic
acid at 65°C for 10 min. The cDNA was then synthesized from
the DNase-treated mRNA using a High-Capacity cDNA Reverse
Transcription Kit (AppliedBiosystems, Foster City, CA, USA)
according to the manufacturer's protocol. Afterwards, the cDNA
concentrations were estimated at 260 nm [19] using a SmartSpec
spectrophotometer (Bio-Rad, Hercules, CA, USA).

Semi-quantitative nested PCR

DENV serotyping by semi-quantitative nested PCR involves two
amplification reactions of the target sequence, similar to that
described by Lanciotti et al. [7] In the first step, a 10 uL reaction
mix containing 1 pL of ¢cDNA, 100 nmol of the STD and D2
primers and Phusion high-fidelity DNA polymerase Kit reagents
(ThermoFisher, Waltham, MA, USA) were added according to the
manufacturer's protocol. Amplification involved the following
steps: an initial denaturation and activation of the Phusion DNA
polymerase at 98°C for 3 min, followed by 35 cycles of 98°C for
55s,55°Cfor5s, 72°C for 20 s, and a final extension for 10 min at
72°C. In the second step, the high efficiency Phusion high-fidelity
DNA polymerase (ThermoFisher, Waltham, MA, USA) was used
with HF buffer containing 1uL of the above reaction product and
50 nmol of one set of primers (STD1/rTS1; STD2/mTS2; STD3/TS3
and STD4/rTS4) in a 20 L reaction volume. Amplification involved
the following steps: an initial denaturation and activation of the
Phusion DNA polymerase at 98°C for 3 min; followed by 25 cycles
of 98°C for 10's, 55°C for 10's, 72°C for 30 s; and a final extension
for 10 min at 72°C. Following the amplification, a 10uL aliquot
of each amplicon product was analyzed by 1.5% agarose gel
electrophoresis and the DENV serotypes were determined by the
specific size amplicon as presented in Table 1.

Synthesis and extraction of plasmids

Amplicons generated with the STD and D2 primers for each
DENV serotype, all of which were 572 bp, were cloned using
the pGEM-T Easy | vector system (Promega, Fitchburg, WI, USA)

This article is available from: www.acmicrob.com
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Table 1 Characteristic of Dengue virus primers in the C-prM gene for the SYBR Green assay protocol.

Name of Primers and gene region SequencePRIMERS? Specific viral Set of primers Size (pb)
C-prM
STD¢ TTTATTTAGAGAGCAGATCTCTG DENV-all (F) STD-D2 572
D2* TTGCACCAACAGTCAATGTCTTCAGGTTC DENV-all (R)
STD1® ACGGGTCGACCGTCTTTCAA DENV-1 (F)
STD1-rTS1 225
rTs1® CCCGTAACACTTTGATCGCT DENV-1 (R)
STD2¢ GCGAAAAACACGCCTTTCAA DENV-2 (F)
STD2-mTS2 140
mTS2° CGCCACAAGGGCCATGAACAGTTT DENV-2(R)
STD3¢ ACGGGAAACCGTCTATCAA DENV-3 (F)
STD3-TS3 302
TS3® TAACATCATCATGAGACAGAGC DENV-3 (R)
STD4« GTGGTTAGACCACCTTTCAA DENV-4 (F)
STD4-rTS4 282
rTS4° TTCTCCCGTTCAGGATGTTC DENV-4 (R)
C-prM
STD® TTTATTTAGAGAGCAGATCTCTG DENV-all (F)
STD-rmD1 89
rmD1¢ CGGTTTCTCTCGCGTTTCAGCATATTGA DENV-all (R)
a.  The position of the genome is based on Dengue virus type 3.
b.  Primers developed by Lanciotti et al. 1992 and Chien et al. 2006.
c. Primers developed in this study.

following the manufacturer’s instructions. The plasmid containing
each amplicon product was transformed into the bacterium
Escherichia coli (E. coli) strain DH5-a by heat shock, incubating
the cells with plasmids for 30 min at 4°C, followed by a 90 s heat
shock at 42°C, then a 10 min rest at 4°C. Then, the transformed
E. coli was placed in 800 uL of Luria-Bertani (LB) broth (LB Broth
Ultrapure, Affymetrix Inc., Cleveland, OH, USA) made according
to the manufacturer's protocol and incubated in a shaker for
1 hour at 37°C at 100 rpm. After this incubation, the bacterial
suspension was plated onto solid LB agar (Ultrapure, Affymetrix
Inc., Cleveland, OH, USA) containing 100 pg/mL ampicillin and
made according to the manufacturer's protocol. The resulting
colonies were screened by colony PCR using the T7 and SP6
primers. Positive colonies were grown in liquid lysogeny broth
containing 100 pg/mL ampicillin at 37°C overnight, as described
by Figueira-Mansur et al. [20].

Quantitative PCR (qPCR)

For the gPCR amplification, the viral cDNA of each serotype
and the primer sets (STD1/rTS1; STD2/mTS2; STD3/TS3 and
STD4/rTS4) were separately used for the identification of DENV
serotypes. In each protocol, the Power SYBR Green Mix (Applied
Biosystems, Foster City, CA, USA) was used following the reaction
conditions and post-amplification analysis recommended by the
manufacturer. Primers for the four serotypes (DENV1=STD1/
rTS1; DENV2=STD2/mTS2; DENV3= STD3/TS3 and DENV4=STD4/
rTS4) were used separately in each well of a qPCR plate. The
reactions had final volumes of 15 uL, and contained 5 uL of cDNA
in several dilutions, 2.5 pL of each primer set (400 nmol) and
7.5 plL of reaction mixture. Amplification involved the following
steps: 50°C for 2 min; 95°C for 10 min; and 40 cycles of 94°C for
30, 50°C for 30's, 72°C for 60 s. Since the SYBR Green may non-
specifically intercalate into double-stranded DNA during PCR,
a melting temperature (Tm) curve analysis was performed to
confirm the identity of the amplified product through its specific
Tm profile (Morrison et al., 1999). The analyses of the Tm curves

© Under License of Creative Commons Attribution 3.0 License

included in the gPCR utilized the following steps: a denaturation
at 94°C for 1 m followed by 78.5°C for 10 s and a ramp to 94°C at
a rate of 0.1°C/10 s with continuous fluorescence measurement.

Data analysis (absolute quantification)

After amplification by the gPCR assay, data acquisition from
a CFX96 Touch Real-Time PCR Detection System (Bio-Rad
Laboratories, Hercules, Calif., USA) was performed. A standard
curve using cDNA obtained from infected cells (DENV1-4) and
others with cloned plasmid DNA sequences (copy number) were
correlated to threshold cycle (CT). The CT is defined as the cycle
at which a statistically significant increase in Rn (normalized
reporter signal) is first detected. The target cDNA or copy number
of the cloned plasmid and the CT value are inversely related [21].
The calibration curves of the copy number obtained from plasmid
samples were correlated with the CT values, and then these
values were used with the cDNA samples of each corresponding
virus to quantify the genetic material, thus relating the number
of copies of DENV1-4 present in the cDNA to the CT value.

For the statistical analyses, the CT values were exported to a
Microsoft Excel worksheet. Regression analyses of the CT values
of the cDNA samples or cloned plasmid serial dilutions were used
to determine the amplification efficiencies and sensitivity of the
method [22].

Results

Standard nested PCR normalization

To standardize the PCR, the primers were first designed
according toinitial criteria. Then, the C-prM gene region of each
DENV serotype was selected because it shows points of genomic
consensus inside a large region of low similarity [23]. An alighment
of some Flaviviruses was performed to check the design of the
primers to ensure that only DENV1-4 and no other Flaviviruses
would be amplified (data not shown). For the conserved region of
the DENVSs, one pair of primers was designed to identify a region
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that was common to all DENVs to be used for a semi-quantitative  Aiming to check if the designed primer positions are conserved
nested PCR. Four pairs of primers were designed inside of the in DENV1-4 sequences, we used primersearch tool as described
common region of each DENV1-4 sequence for the detection in Material and Methods. In theoretical match analysis, all DENV
of viral genomic material. In Figure 1, the alignment of partial  serotypes primer sets were specific until an error rate of at least
sequences of DENV serotypes is shown, with forward and reverse  20%. DENV 1 and 4 with sequences of dengue_genome fasta
primers highlighted, the last of which were also used by Chien  database (4,089 complete sequences), matched only with DENV1
et al. [24] to identify common and specific regions of DENV 1-4.  and 4, respectively, and their genetic variants with an error of

a N

STD — TTTATTTAGAGAGCAGATCTCTG

DENV-1 GITCTGACAGTTT-TTTATT TAGAGAGCAGATCTC TG ATGAAC-AACCAACGGAAABAG 116
DENV-3 GTGCTGACAGTTT-TTTATT-AGAGAGCAGATCTCTG ATCAAC-AACCAACGGAAARAG 115
DENV—Z2 GITCTAACAGTTT TTTAAT TAGAGAGCAGATCTCTG ATGAAT -AARCCAACGGAAAARG 117
DENV-4 GTTCTAACAGTTTGTTTAGATAGAGAGCAGATCTCTGEAAAAATGARCCAACGAAARANG 111

Ak EEk ERETREAELT RAEX EEELTEREARRLELRALE & R AEEETERETE ERELTER

DENV—] ACGEETCEACCGTCTTTCAATATGC TGAANCGCGCGAGARACCGOGTGTCARCTGTTTCA 176
DENV-3 ACGGEAAAACOGTCTATCAATATGCTGAARCGCGT GAGABACCCTETGTCARCTGGATCA 175
DENV-? GOGAAAAACACGCCTTTCAATATGCTGARAACGCGAGAGAAACCGCGTGTCGACTGTGCAR 177
DENV—4 GIGGITAGACCACCTTTCAATATGCTGAARCGCGAGAGAARCCGCGTATCARCCCCTCAR 171

X £3 EE AEEAEERAEEELEARELEE AAEKEALEEALE &% 4%k A% &

DENV-]1 CAGTTGGCGAAGAGATTCTCARAAGGATTGCTTTCAGGCCAAGGACCCATGAARTTGETG 236
DENV-3 CAGTTGGCGANGAGATTCTCARGAGGATTGCTGAACGGCCAAGGACCAATGARATTGETT 235
DENV-Z CAGCTGACAAAGAGATTCTCACTTGGRATGCTGCAGHGGACGAGGACCATTAARACTGTTC 237
DENV—4 GGEETTGETGAAGAGATTCTCARCCGGACTTTTTTCCGGGARAGGACCCTTACGGATGETG 231

* AE AREEEREE LR RN TEE K ® wE AREERR k3 EE

DENV-1 ATGGCTTTTATAGCATTCCTAAGATTTCTAGCCATACCCCCAACAGCAGGAATTTTGGCT 296
DENV-3 ATGGCGTTTATAGCTTTCCTCAGAT TTCTAGCCATTCCACCGACAGCAGGAGTCTTGECT 295
DENV-2 ATGGCCCTGETGGCETTCCT TCETTTCCTARCAAT CCCACCAACAGCAGGGATATTGARG 297

DENV-4 CTAGCATTCATCACGTTTTTGCGAGTCCTTTCCAT CCCACCARCAGCAGCGATTCTGAAR 291
* k& & X & &% K& K &* K% K &%k k%K k%t AEAAERARE & k%

DENV-1 AGATGGGGCTCATTCAAGAAGAATGGAGCCATTARAGTEGCT ACGEGGTTTCARGAAAGAR 356
DENV-3 AGATGGGCTACCTTTAAGAAGTCGGGEGCTATTAAGCTCTT AAAAGGCTTCAAGAAGGAG 355
DENV-2 AGATGGGGARCAATTAAAAARTCAARAGCTATTAATGTTTT GAGAGGCTTCAGGAAAGAG 357

DENV-4 AGATGCGGACAGTTGAAGAAAAACAAGGCCATCAA BATACT GACTGGATTCAGGAAGGAG 351
EERERERE * Ak RE T KR XX X % B e

DENV—1 ATCTCARACATGCTGAGCATARTGAATAGA-AGRAAALGAT CCGTGACCATGCTCCTTA 414
DENV—3 G TG 413
DENV—Z ATTGGAAGGATGCTGAARCATCTTGAATAGG AGMGCHETCTGCAGSCETG—AMT[’A 415

DENV-4 ATAGGCCGCATGCTGAACATCTTGAATGGA—AGAARLAGGT CARCAATGACA ‘!TGC'I'G 408

xR EREERRE KRR L oE E

DENV-1 TGCT—GCTGUCCACAGCCCTGECGT TCCAT CTGACCACACGAGHGGGAGAGCCGCACATG 473
DENV-3 TGAT—GTTACCAGCARCACTTGCCTTTCCACTTAACTTCACGAGATGGAGAGCCGCGCATG 472
DENV—Z2 TGCT-GATTCCAACAGTGAT GGCETTCCATTTAACCACACGTAACGGAGARACCACACATG 474

DENV—4 TGCTTGATTCCCACCGCAATGGCGTTTCACTTGTCAACAAGAGATGGCGAACCCCTTATG 468
&k & & K K%K & & KX A% AKX K kK Ak & K Ak AE K ERE

TTGCACCAACAGTCAATGTCTTCAGGTTC — D2
DENV—1 mmcmmwmcm 603

DENV-3 TGCCCCCACATTACCGARAGT CGAL TGAAGACAT TGACT FLGCARS 652
DENV—2 ] [ 654
DENV—4 648

KR KX K ® £ AE AE AR AAELT A AT AW EAAAENALTN L

Figure 1 Multiple nucleotide sequence alignment of the DENVs: The aligned region corresponds to nucleotides
56 to 654 of DENV. The 50% majority consensus sequence is listed as the reference to highlight the
conservation of this region. In addition to the four viruses used in this study, the viruses DENV-1
(Hawaii), DENV-2 (16681), DENV-3 (H87), DENV- 4 (H241) are aligned. The DENV consensus primers
(STD and D2) and four virus-specific forward primers are highlighted in boldface and italicized; the
K four virus-specific reverse primers from Chien et al. (2006) are highlighted in boldface and underlined. J

N
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20% (data not shown). This result suggests that these sets of
primers are specific to detect of DENV 1 and 4. In the analysis
for the set of primers to detect DENV 2 and 3, the results were
even better, only DENV2 and 3, respectively, and their genetic
variants were matched considering an error of 30% (data not
shown). The matching analysis above showed that the set of
primers designed, in this work, was accurate to detect DENV1-4.
The Table 1 shows the sets of primers with all the characteristics
of each DENV serotype.

Upon determination of the viral titer, aliquots containing 200 uL
of each DENV serotype were subjected to viral RNA extraction,
from which cDNA was subsequently synthesized and used
for conventional nested PCR using the primers in Table 1, as
described in Material and Methods. Figure 2 shows that each
specific pair of primers for the DENV serotypes amplified one
single PCR product corresponding to each viral serotype cDNA
using this semi-quantitative method.

Quantification and analytical sensitivity of SYBR
green using plasmid DNA as template

For sensitivity analyses and PCR quantification using SYBR Green,
the serially diluted plasmids of DENV1-4 were used as template
and amplified using each specific primer set (STD1/rTS1; STD2/
mTS2; STD3/TS3 and STD4/rTS4). Dilution series of the plasmid
standards contained 4.54 x 10° copies of DENV-1, 7.29 x 10°
copies of DENV-2, 3.38 x 10° copies of DENV-3 and 3.62 x 10°
copies of DENV-4. The linear relationship between the starting
plasmid DNA and the CT values formed the regression coefficients
(R?), which were greater than 0.99 for almost all viruses. The
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mean values of triplicate CTs ranged from: 11.03 + 0.045 (4.54
x 106 copies) to 30.73 + 0.045 (4.54 copies) of DENV-1; 14.87 +
0.078 (7.29 x 106 copies) 32.79 + 0.078 (7.29 copies) of DENV-2;
11.58 + 0.134 (7.29 x 10° copies) 32.75 + 0.135 (7.29 copies) of
DENV-3; and 14.87 +0.098 (7.29 x 10° copies) 35.74 + 0.098 (7.29
copies) of DENV-4, as shown in Figure 3A and Table 2A. Thus, the
coefficient of variation was less than 4.0% for DENV1-4, similar to
what was described by Dhar et al. [22].

Standardization of SYBR green-based qPCR using
cDNA

To determine the efficiency of the qPCR assay, cDNAs from
the viral serotypes and the specific primers described in
Table 1 were used. First, the cDNA was tested using the
primers in concentrations ranging from 100-500 nmol for
each primer set (STD1/rTS1; STD2/mTS2; STD3/TS3 and STD4/
rTS4), with viral serotype cDNAs diluted 1:10. The primers were
used at a concentration of 400 nM, and the cDNAs were used
in 10-fold serial dilutions, as described in Table 2B. Then, the
analytical sensitivity of the SYBR Green PCR was determined
through assessing the linear relationship between the dilutions
of the viral cDNA and the CT values presented in Figure 3B. In
this analysis, we obtained the regression coefficients (R?), which
were greater than 0.99 for almost all viruses. The equations of
the lines were calculated, and the slopes obtained were used to
determine the efficiency of the SYBR Green reaction using the
formula: £ = 10(‘5"1, where a is the angular coefficient of the
line [25]. In this way, the values of amplification efficiencies with
the primers sets in the SYBR Green assays were determined, with
all values being higher than 90% for all DENV serotypes, as shown
in Table 3.

~

~

K of dengue virus 2, DV3=cDNA of dengue virus 3, DV4=cDNA of dengue virus 4. J

Set of Size Figure of agarose gel
Specific primers (pb)
MW B DV1 DV2 Dv3 DvV4
DENV-1 (F) 300
STD1-rTS1 225 200
DENV-1(R)
o w _
STD2-mTS2 140
100
DENV-2(R)
DENV-3 (F) 300
STD3-TS3 302 200
DENV-3(R)
o - _
STD4-rTS4 282
200
DENV-4 (R)
MM = Molecular Mass, B = Negative Control, DV1= Dengue virus 1, DV2 = Dengue virus 2, DV3 = Dengue virus 3,
DV4 = Dengue virus 4
Figure 2 PCR of the DENV1-4 positive templates: Agarose gel after semi-quantitative nested PCR amplification
with the specific primer sets using the DENV1-4 cDNA as template, where the acronyms stand for:
MM-=molecular mass standard, B=negative control reaction, DV1=cDNA of dengue virus 1, DV2=cDNA

© Under License of Creative Commons Attribution 3.0 License
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Figure 3 qPCR calibration curve: The standard curves for DENV-1(A), DENV-2 (B), DENV-3 (C) and DENV-4 (D) obtained
by SYBR Green PCR using plasmid DNA as template. The number of copies of DENV plasmid DNA added to each
reaction mixture was derived from in a serial 10-fold dilution for each template, starting from the concentration
in terms of the number of copies (4.54 x 10° copies for DENV-1, 7.29 x 10° copies for DENV-2, 3.38 x 10° copies
for DENV-3 and 3.62 x 10° copies for DENV-4) corresponding to the numbers in log base 10 on the linear
curve in panels A-D. The standard curves for DENV-1(E), DENV-2 (F), DENV-3 (G) and DENV-4 (H) obtained by
SYBR Green PCR using viral cDNA as template. These curves were made from serial 10-fold dilutions of each
template (corresponding to the numbers in log base 10 on the linear curve in panel E-H) (4.54 x 10° copies for
DENV-1, 7.29 x 106 copies for DENV-2, 3.38 x 10° copies for DENV-3 and 3.62 x 10° copies for DENV-4).

cDNA Dilution Log

/

Specificity of amplification against control
viruses

To confirm the specificity of each set of primers in the SYBR
Green PCR assay, viral cDNA of DENV1-4 from a newly passaged
of cultures cell was used with their specific and non-specific
sets of primers for detection. Samples of viral ZIKV and YFV

6

cDNA, both also belonging to the Flaviviridae family, were
included in the assay. Table 4 shows the means of triplicate CT
values corresponding to assays using viral cDNA (1:100) with
specific and non-specific primer sets. When amplification was
undertaken for DENV1, the DENV1 cDNA sample significantly
increased in SYBR Green fluorescence, with a mean CT value of
28.18, where as SYBR Green fluorescence was not detected in

This article is available from: www.acmicrob.com
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Table 2A Performance for the SYBR Green assay using DENV1-4 plasmid fragment and the serotype-specific primers.

Ct mean of the triplicate reaction indicating the serotype and pair of primers used No. of copies*

Dilution positive Viral® DENV-1 DENV-2 DENV-3 DENV-4
STD1-rTS1 STD2-mTS2 STD3-TS3 STD4-rTS4
1:10 11.03 14.87 11.58 14.87 108
1:100 14.14 16.94 14.86 18.02 10°
1:1.000 17.64 18.09 18.21 21.09 10*
1:10.000 21.19 21.28 22.23 24.85 103
1:100.000 24.31 24.39 25.49 28.04 10?
1:1.000.000 27.78 28.99 29.46 32.00 10*
1:10.000.000 30.76 32.79 32.75 35.72 10°
H,0 N/A N/A N/A N/A N/A
*Only values (log) of dilution are presented, because o number copy is calculated from size in nucleotide base Pairs.
§ The viral plasmid was used as a template

Table 2B Performance for the SYBR Green assay using DENV 1-4 cDNA and the serotype-specific primers.

Ct mean of the triplicate reaction indicating the serotype and pair of primers used

Dilution of the viral sample DENV-1 DENV-2 DENV-3 DENV-4
STD1/rTS1 STD2/mTS2 STD3/TS3 STD4/rTS4
1:10 7.36 14.99 10.95 11.97
1:100 10.96 16.98 13.93 13.95
1:1.000 14.96 19.96 17.94 17.96
1:10.000 17.97 23.96 21.94 21.95
1:100.000 20.94 27.97 24.92 24.95
1:1.000.000 24.95 31.98 28.92 27.94
H20 N/A N/A N/A N/A

Viral samples Coefficient of angular PCR efficiency values (%)

Table 3 Coefficient of angular and PCR efficiency values for the SYBR
green assay using the primers-specific in the viral cDNA samples and
plasmid viral.

the other viral cDNA samples. Likewise, the use of cDNA from
DENV2-4 significantly increased in SYBR Green fluorescence,
with mean CT valuesof 32.79, 32.90 and 31.28, respectively, for
specific viral cDNAs, with no SYBR Green fluorescence detected
when other cDNA was tested.

Since the SYBR Green PCR involves no post-PCR analysis, the
amplification of specific vs. non-specific products was confirmed
by an analysis of the dissociation curves of the target amplicons.
The amplification profiles and the dissociation curves for DENV-1,
DENV-2, DENV-3, DENV-4, together with negative viral controls
of YFV and ZIKV, are shown in Figure 4. In a specific reaction to
detect DENV-1, cDNA from the DENV-2, DENV-3 and DENV-4

© Under License of Creative Commons Attribution 3.0 License

serotypes was used as a negative control, and a similar strategy
was used for all serotypes, as determined for each specific

DENV-1
cDNA 0.996 92.6 reaction.
Plasmid 0.999 100.0 In the SYBR Green qPCR analysis to detect DENV-1, the DENV-1
DENV-2 cDNA exhibited a significant increase in the fluorescence of SYBR
cDNA 0.987 Eoi Green, with a mean CT value of 28.18 (Table 4 and Figure 4A). In
Plasmid 0.974 101.1 addition, the amplification of DENV-2, DENV-3, DENV-4, YFV and
DENV=3 ZIKV cDNA did not yield any significant increase in fluorescence,
cDNA 0.998 911 indicating an absence of the specific DENV-1 target. When
Plasmid 0.999 Y amplification was performed to detect DENV-2, the DENV-2
DENV-4 cDNA exhibited a significant increase in the fluorescence of SYBR
cDNA 0.989 cEL Green, with a mean CT value of 32.79 (Table 4 and Figure 4C). The
Plasmid 0.998 L amplification of DENV-1, DENV-3, DENV-4, YFV and ZIKV cDNA

did not significantly increase fluorescence, indicating an absence
of the DENV-2 target. When amplification was performed to
detect DENV-3, the DENV-3 cDNA recorded a significant increase
in the fluorescence of SYBR Green, with a mean CT value of 32.90
(Table 4 and Figure 4E) of DENV-1, DENV-2, DENV-4, YFV and ZIKV
cDNA did not generate any significant increase in fluorescence,
indicating an absence of the specific DENV-3 target. Likewise, in
the amplification performed to detect DENV-4, the DENV-4 cDNA
showed a significant increase in the fluorescence of SYBR Green
with a mean CT of 31.28 (Table 4 and Figure 4F). Similarly, the
amplification of DENV-1, DENV-2, DENV-3, YFV and ZIKV cDNA did
not generate any significant increase in fluorescence, indicating
the absence of the specific DENV-4 target.

The dissociation curves showed only a single peak at the melting
temperature (Tm=80.0°C) expected for the DENV-1 amplicon
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Figure 4 The amplification profiles and the dissociation curves of DENV1-4 cDNA using the SYBR Green PCR assay. The amplification
profile is shown where the amplification plot crosses the threshold line for each amplicon. The melting temperature (Tm) of
each amplicon is shown alongside its dissociation curve.
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Table 4 Performance of specificity of the serotype-specific primers in the SYBR Green assay using Dengue Virus 1-4 and other Flavi viruses.

Sample Viral”

Ct mean of the triplicate reaction indicating the serotype of DENVs and other Flaviviruses and pair of primers used

DENV-1 DENV-2 DENV-3 DENV-4
STD1-rTS1 STD2-mTS2 STD3-TS3 STD4-rTS4

DENV-1 28.18 N/A N/A N/A
DENV-2 N/A 32.79 N/A N/A
DENV-3 N/A N/A 32.90 N/A
DENV-4 N/A N/A N/A 31.28

ZIKV N/A N/A N/A N/A

YFV N/A N/A N/A N/A

H,0 N/A N/A N/A N/A

*cDNA of DENV1-4 from a newly passaged cell cultures was used with their specific and non-specific sets of primers for detection.

using the DENV-1 cDNA, but not in the other cDNA samples
(Figure 4B). Additionally, only a single peak at the melting
temperature (Tm=79.8°C) was found for the DENV-2 amplicon
using DENV-2 cDNA, but not in the othercDNA samples (Figure
4D). Similarly, only a single peak at the melting temperature
(Tm=79.5°C) was found for the DENV-3 amplicon using DENV-3
cDNA, but no peaks were present in the negative samples (Figure
4F). A single peak was observed at the melting temperature (Tm=
80.3°C) as expected for the DENV-4 amplicon using in the DENV-4
cDNA, but no peaks were present in the negative cDNA samples
(Figure 4H).

Discussion

Currently, commercial kits to DENV detection has been used,
CDC DENV-1-4-RT-PCR Assay for Detection and Serotype
Identification of Dengue Virus kit (CDC DENV1-4 RT-PCR assay kit)
to detect DENV was based on the article of Johnson et al. [26].
These authors use for serotype-specific detection of dengue in
a four plex Real-Time Reverse Transcriptase PCR Assay. The use
CDC DENV-1-4-RT-PCR kit has some good advantage, such as four
serotypes can be identified, simultaneously, using 4 different
probes and each serotype can be also identified separately using
the same probe. But some disadvantages are also observed:
first, the cost of the kit is elevated; it needs 3 oligonucleotide
primers and 2 of them are fluorogenic probes used in the
serotype-specific DENV by RT-qPCR assay. The oligonucleotide
primers to identify DENV1-4 were designed in different regions
of the genome of each DENV, this fact makes impossible the use
of PCR-nested technique. Furthermore, the DENV serotyping is
done using Invitrogen 2X PCR Master Mix and Superscript Il RT/
Platinum Taq enzyme mix, with elevated cost. In the CDC DENV1-
4 RT-PCR assay kit instruction highlights the sensitivity of the test
is another important issue. It was observed that only elevated
plague-forming unit (PFU), approximately 1x 10%- 107, could
be correlated with CT values. Although, CT value correlation to
10° pfu/mL of serum is at 36.36, 36.58 and 36.68 for DENV 1, 3
and 4, respectively. According to Johnson et al. [27], a sample
determined empirically to be negative if the CT value was >36,
allowing the conclusion that the CDC DENV-1-4-RT-PCR kit test
has low sensitivity.

Najioullah et al. [28] evaluated four commercial RT-gPCR kits
and compared to Lanciotti's gold-standard protocol [18]. All

© Under License of Creative Commons Attribution 3.0 License

commercial kits use 6-carboxyfluorescein (FAM) probe in TagMan
system. For three of them namely Geno-sen's, Liferiver, Realstar,
the target region of virus is not specified and these kits cannot
be used for DENV serotyping. Only for the Simplexa kit, the target
region of DENV1-4 is known and can be used for serotyping. The
authors utilized a panel with 162 laboratory-confirmed samples:
46 DENV-1, 37 DENV-2, 33 DENV-3 and 46 DENV-4. The results
showed that no commercial RT-gPCR kits tested showed 100%
sensitivity in the detection of all DENV, Geno-sen's sensitivity is
85.2%, Realstar 83.3% and Simplexa 93.2%. On the other hand,
Lanciotti's gold-standard protocol is indicated for DENV1-4
serotyping with primers designed in C-prM region [29] redesigned
primers to detect DENV1-4 in the same region and showed that
C-prM region is indeed more sensitive (100%) than the NS5 (91%)
or the 3'NC (91%) protocols to detect DENV.

In recent years, quantitative PCR based on the TagMan system or
SYBR Green assays have been used to detect several RNA viruses
in infected plants [30,31], animals [3,7,16,22,27,32,33], human
fluids [1,2,4,5,8,10,14,19,20,34,35] among other applications.

Quantitative PCR methods such as the SYBR Green assay and
TagMan detection system have been traditionally used for
DENV serotyping to provide a compatible dynamic range and
sensitivity. SYBR Green detection was more accurate and yielded
a more linear decay graph than the TagMan detection system
[36,37]. In addition to the sensitivity and specificity of the
technique described in this work, SYBR Green PCR assay is very
fast and robust in nature. The 96-well plate in this work can be
used to analyze between 6-10 samples with 2 or 3 replicates if
DENV1-4 serotypes were tested on the same plate, using positive
and negative controls. It takes about 2 hours to perform a 96-
well plate. After amplification, data analysis may take several
minutes. In contrast, the TagMan system detection can be
used with multiple fluorogenic probes to detect more than one
DENV serotype in the same reaction [15]. Although, the TagMan
assay is much more expensive than the SYBR Green trial [6,7],
which corroborates to the use of SYBR Green for testing assays
in research laboratories and serological diagnosis in developing
countries.

The DENV serotyping protocol adopted by Chien et al. [8]
included an expensive approach, a one-step RT-PCR master mix
kit and a second reaction with a HotStarTaq master mix, both

9
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kits supplied by QIAGEN. Reductions in the operational costs by
using a cheaper DNA polymerase enzyme and an increase in the
assay sensitivity to detect DENV1-4 were the main motivations
for redesigning or modifying the previously established C-prM
primer sets [6,18].

In this study, we also chose the C-prM gene region and novel
primers were designed to be compatible to cheaper polymerase
enzymes for the use in routine of laboratory. We modified the
amplicons from an existing protocol for the C-prM junction [6],
designing 5 new forward primers to form sets for DENV serotyping.
This newly established protocol uses a semi-quantitative nested
PCR detection method and a quantitative PCR SYBR Green assay.

To detect all DENVs, we performed a semi-quantitative nested
PCR technique (Figure 2). We replaced the forward primer mD1
[6] with the STD primer in the first reaction of the assay. In the
second reaction, we also replaced the mD1 [6] forward consensus
primer with the more specific forward primers STD1, STD2, STD3
and STD4, one for each DENV sequence, creating a nested PCR
assay using Phusion DNA polymerase, a cheaper enzyme than the
enzymes described in the literature [6,18,33], thereby increasing
the efficiency and reducing the costs of the protocol for DENV
serotyping.

To obtain accurate and reproducible results with the new specific
forward primers (STD1, STD2, STD3 and STD4) and the reverse
primers adopted by Chien et al. [5] to detect DENV1-4, the SYBR
Green PCR efficiency was determined, its range should be 90-
110% indicating a doubling of the amplicon at each cycle. Table
3 shows that the PCR efficiency values with the new primer sets
(STD1/rTS1; STD2/mTS2; STD3/TS3 and STD4/rTS4) using both
viral plasmid and cDNA as templates were higher than the values
found in the literature [6], except for DENV2 cDNA, confirming
the appropriate design of the new primers for DENV serotyping.

The specificity of the new primer sets to detect DENV1-4 was
determined through an analysis of melting temperature curves
post-amplification using a SYBR Green assay. A dissociation curve
with a single peak at the temperature expected for each amplicon
indicated a specific amplification. In Figure 4, the presence of a
single peak can be observed for each DENV1-4 cDNA tested, with
no peaks appearing using cDNAs from others control flaviviruses.
The specificity of the DENV primer set was also confirmed by
amplification profiles of the melting dissociation curves of the
target products (Figure 4). In a SYBR Green PCR, a sample is
considered positive when the amplification plot crosses the
threshold line. In the example of (Figure 4A), the amplification
profile of the sample infected with DENV-1 can be observed to
exceed the threshold line, whereas the amplification profiles
of the other viral samples do not reach this threshold line. This
parameter represents the baseline of fluorescence detection,
that is, the minimum number of cycles for amplification. This
value is determined by the software analysis system used. The
point at which the sample fluorescence signal is higher than the
fluorescence detection/quantification limit, indicates the number
of cycles required to initiate the amplification of the gene target
sequence present in the DNA of each sample to be determined.
This value is called Cycle Threshold (Ct) and allows the relative
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DNA quantification of each sample after being corrected by the
Ct of the gene endogenous control and/or the sample control.
The Ct is proportional to the logarithm of the initial amount of
expression of the target gene in a given sample. The smaller the
initial number of Ct obtained from the target gene in the sample
compared to another gene indicates the greater expression.

The real-time RT-PCR described in this study is highly sensitive,
and able to detect up to a little above one copy of DENV genome
(Figure 4). In SYBR Green PCR, a maximum of 40 cycles (CT=40)
is required to detect a single copy of a viral genome (CFX96
Touch Real-Time PCR Detection System, Bio-Rad Laboratories,
Hercules, California, USA). A linear relationship between plasmid
DNA copies and CT values from 108 up to 3 copies of DENV could
be observed. Due to high sensitivity of SYBR Green PCR, it is
susceptible to PCR carry over or other contamination. Therefore,
good laboratory practices should be followed very strictly to
prevent any potential contamination that may give false positive
result. In addition, any negative result as well as samples with Ct
values close to 36 should be tested at least twice for confirmation.
The SYBR Green PCR protocol described here was not only very
highly efficient and sensitive, but also showed specificity for the
detection of DENV1-4, better than described by Chien et al. [22].
Its specificity was determined by monitoring the amplification
profile on the melting dissociation curve of the target products.
In SYBR Green PCR reaction, a sample is considered positive when
the amplification plot crosses the linear threshold line. As we
can see, in the example (Figure 4A) the amplification plot of the
sample infected with DENV-1 exceeds the threshold line in the
cycle (28.18), whereas the graph of amplification of the negative
sample does not. The dissociation curve profile depends on CG
bases composition and amplified sequence length, the non-
specific product must be differentiated by examination of the
dissociation curve. The fragment amplified for DENV-1 produced
a specific dissociation curve exhibiting a single peak at 80.0°C,
which is expected for the DENV-1 specific amplification product.
Aiming to determine the specificity, quality and efficiency of
the reaction, cDNAs from both viral samples were amplified in
parallel for each target virus. Using this method, we were able
to discriminate each target by its dissociation curve, according
to the predicted melting temperature (Tm for DENV-2 was of
79.8°C, Tm for DENV-3 was of 79.5°C and Tm for DENV-4 was of
80.3°C, (Figure 4D, F and H).

The protocols established in this work using the semi-quantitative
nested detection method and the quantitative PCR SYBR Green
assay with the new primer sets (STD1/rTS1; STD2/mTS2;STD3/TS3
and STD4/rTS4) can be used, independently or concomitantly, for
the identification of the DENV serotypes. Therefore, this present
manuscript is an upgrade of the Chien et al. [22] paper.

Conclusion

The semi-quantitative nested PCR and SYBR Green PCR
techniques described above are important tools in the detection
and quantification of the four serotypes of Dengue virus and
can be used for detection in mosquito vectors, serum or other
human fluids, as well as in tests for dose-responses of antivirals

This article is available from: www.acmicrob.com
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in cell cultures or the determination of viral loads in other types
of studies. The SYBR Green quantitative method is fast, highly
sensitive, robust, low cost, and easy to reproduce. It is also
applicable to routine high-performance testing, making it a
powerful tool suitable for third world countries trying to prevent
the propagation of DENV by monitoring the epidemiological
movement between countries and continents. There is a growing
and urgent need to develop more accessible and highly sensitive
DENV detection methods such as the methodology described in
this study.
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