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Detection of dengue virus by simple RT-PCR
using universal degenerate primers
Observations from a preliminary study

OBJECTIVE Dengue hemorrhagic fever (DHF) is caused by a mosquito-borne
flavivirus with four distinct serotypes (dengue types 1-4: DEN1-4). All four
serotypes are endemic in most of the countries in the tropical and sub-
tropical regions. Because of the high sensitivity and specificity of PCR diag-
nostic techniques, several PCR-based strategies for the detection of dengue
have been developed recently. In this study aimed to develop a one-step
reverse transcription (RT)-PCR assay using universal primer for rapid detec-
tion of viral RNA of all dengue serotypes. METHOD A reverse transcriptase
polymerase chain reaction (RT-PCR) was developed by using a degenerate
primer pair specific to the non-structural (NS1), which bears conserve region
in the dengue genome of all serotypes. The primer was designed based on
the genome sequence of dengue strains collected in Thailand. The RT-PCR
assay using the newly designed primers was optimized and evaluated by
the detection of dengue RNA in mosquito-cell culture and patient blood.
RESULTS The NS1 region of dengue (1-4) was successfully amplified giving an
RT-PCR product of the expected size (637 bp). Since dengue virus is thought
to replicate in mononuclear cells in vivo, the RNA extracted from peripheral
blood mononuclear cells of patients suspected of being infected with DHF
was used as template for RT-PCR. The results indicate that detection of viral
RNA in mononuclear cells could be an effective alternative technique to the
determination ofimmunoglobulin changes in plasma. CONCLUSIONS Accord-
ing to this study, this technique is rapid, convenient and provides accurate
diagnosis in suspected dengue.

Dengue fever (DF) and dengue hemorrhagic fever (DHF)
have been proclaimed as global public health problems
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by serological testing or virus isolation if needed.

Several PCR-based strategies, which are rapid and sen-

since first emergence in the 18th century.” Nowadays,
the areas endemic for dengue include Southeast Asia,
the Western Pacific, Africa, the Americas and the Eastern
Mediterranean.? DF and DHF are caused by a single-strand
RNA virus of the genus Flavivirus, transmitted to humans
by Aedes mosquitoes (Aedes aegyptii and A. albopictus). In
Thailand, DF, DHF and dengue shock syndrome (DSS) are
diseases included in the national surveillance system. All of
the four serotypes (DEN1-4) have been found in the coun-
try. The National Institute of Health (NIH) reported a DHF
incidence of 82/100,000 with a case fatality rate of 0.06% in
2008.? Early diagnosis of dengue infection can reduce the
numbers of cases of DHF and DSS. The primary diagnosis
of DF and DHF is usually based on clinical symptoms and
hematological testing, proceeding to definitive diagnosis

sitive, have recently been developed for the detection of
dengue virus in clinical specimens.>” In this study, it was
aimed to develop one-step reverse transcription (RT)-PCR
assay using a universal primer for the rapid detection of the
viral RNA of all dengue serotypes. Primers were designed
based on the genome of dengue virus collected in Thailand.
In addition, it was investigated whether peripheral blood
mononuclear cells (PBMC) provide higher sensitivity than
plasma for viral RNA detection.

MATERIAL AND METHOD

Sample collection

Five finger prick blood samples were collected from patients
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with a provisional diagnosis of dengue infection. After all the
samples had been routinely tested for hematological values, they
were used for this study, and also tested for antibodies against
dengue using IgG/IgM immunochromatography (Dengue Duo
Cassette, Panbio, Australia).

Isolation of peripheral blood mononuclear cells (PBMC)

Mononuclear cells were isolated by the density gradient
centrifugation method using Lymphoprep™ (Nycomed, Oslo,
Norway). Briefly, 0.5 mL whole blood was centrifuged at 900 g for
10 min. Plasma was then separated and kept for further study. The
cell pellet was resuspended in 1 mL phosphate-buffered saline
(PBS). The cell suspension was gradually layered on top of 0.5
mL Lymphoprep™ and centrifuged at 600 g for 20 min. The layer
containing PBMC was transferred into a new micro-centrifuge
tube and washed with PBS. The washed PBMC was stored at -20
°C until used.

RNA extraction

Viral RNA was extracted from either mononuclear cells or
plasma as total RNA using the Nucleospin® RNAII extraction kit
(MACHEREY-NAGEL Inc, USA) according to the manufacturer’s
recommendations. RNase inhibitor (QIAGEN, CA) was added to
the RNA solution immediately after elution. RNA from a mosquito
cell culture of dengue (kindly given by Assistant Professor Wanla
Kulwitchit at the Faculty of Medicine, Chulalongkorn University)
was also extracted using the same protocol.

Primer design and RT-PCR

Twelve sequences of dengue serotype 1-4 used for primer
design were retrieved from GENBANK. All are of Thai strains col-
lected between 1987 and 2001. The primers were designed to
have a sequence complementary to the NS1 region of the dengue
genome of all serotypes as shown in figure 1.

The newly designed primers were evaluated by RT amplification
of the dengue RNA extracted from the mosquito cell culture. The

Primer DDU1 & DDU2 *GTBCACACHTGGACAGAY  YACCTCGTTAGGWCAHGA!
2452 2508 ... 3119 3n3s
DEN1-TH1991 GTTCACACTTGGACAGA TGGAGCAATGGAGTTCT
DEN1-TH1994 c
TENIZHHII0 = cesemamcscmmmmnmie o e s e
DEN2-TH1988 S SR PR e G--
DENZ2-TH1998 T T G-
DEN2-TH2001 Y At G--
DEN3-TH1987 S YR, M —— SRR pL, ay p-
DEN3-TH1994 S=gease Qo niss ., e T-=A==
DEN3-TH1998 —— O ", B R R S T--A--
DENA-TH1991 sk i S R A S e e e G——
DEN4-TH2000 et e e e i e e G-
DEN4-TH2001 G G

Figure 1. Forward (5'>3’) and reverse primers (3'>5’) containing
sequences complementary to part of the NS1 region in the genome of
DEN-1, -2, -3 and -4 (IUPAC-IUB symbols: B=G/C/T, H=A/C/T, W=A/T).
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concentration of the primer and assay condition were varied until
the best RT-PCR result was achieved. Viral RNA extracted from the
PBMC and plasma of patients suspected of being infected with
dengue was then amplified using the optimum conditions as fol-
lows. The mixture of 2 uL viral RNA, 100 picomole of forward and
reverse primers (DDU1 and DDU2) and RNase/DNase-free water
to the final volume of 12 pL was heated at 75 °C for 2 min and
immediately chilled on ice, then 8 pL of ONE-STEP RT-PCR PreMix
(iNtRON Biotechnology, Inc, Korea) was added to the reaction
tube. The RT-PCR reaction was performed by a RT step at 45 °C
for 30 min and a denaturation step at 95 °C for 5 min, followed
by 40 cycles of 94 oC for 30 sec, 48 °C for 30 sec, 72 °C for 30 sec,
and a final period of 72 °C for 8 min.

RESULTS

RT and cDNA amplification of dengue viruses were
performed using universal degenerate primers (DDU1
and DDU2) specific to the NS1 region of dengue genome
(serotype 1-4). The evaluation of newly synthesized primers
and investigation for appropriate assay conditions were
conducted by RT amplification of dengue RNA extracted
from a mosquito cell culture. The results demonstrated
that RT-PCR provides a DNA band of the expected size
(637 bp) as shown in figure 2.

Detection of dengue RNA in clinical specimens was
performed using the conditions established above. The
method detected viral RNA in 2 of 5 PBMC samples, one
of which was a serologically negative case. Three RT-PCR

negative samples were samples with IgM and or IgG posi-
tive. However, there was no ampilification product detected
in any RNA extracted from plasma (fig. 2, tab. 1).

Figure 2. Reverse transcription (RT)-PCR of RNA from 4 serotypes of
dengue viruses from cell culture (lane 1: DEN-1, lane 2: DEN-2, lane 3:
DEN-3, and lane 4: DEN-4), a peripheral blood mononuclear cells (PBMC)
blood specimen (lane 5) and a plasma sample (lane 6).
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Table 1. Detection of dengue infection from blood samples using reverse
transcription (RT)-PCR in peripheral blood mononuclear cells (PBMC) and
plasma, and serological assay.

Viral RNA detection in

Sample Serological test
go PBMC Plasma IgM 19G

1 Positive Negative Positive Negative
2 Positive Negative Negative Negative
3 Negative Negative Negative Positive
4 Negative Negative Positive Positive
5 Negative Negative Positive Positive
DISCUSSION

This study demonstrated the development of a rapid
and simple method for dengue detection by RT amplifica-
tion of viral RNA. The use of degenerate primers enabled
the detection of 4 serotypes of dengue in a single step.
This technique is different from earlier methods because it
can be used with a small amount of blood, as in the case
of small children. Since it has been reported that dengue
viruses usually infect peripheral blood leukocytes? it was
attempted to detect viral RNA in PBMC. Previous reports
have also suggested that higher sensitivity was obtained
when using PBMC samples instead of plasma for viral RNA
detection.’®’” According to the serological pattern in this
study, the negative results of RT-PCR in samples with posi-
tive IgG might be caused by the low level of viruses in later
days of the disease.’?? Another possibility could be that the
viremia drops rapidly in the case of secondary infection.”
For these reasons the conditions of RT-PCR testing need to
be modified to obtain higher potency. This study was also
limited by the lack of negative control specimens carrying
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other related viral infections to evaluate the specificity of
the method. In spite of these limitations, on the basis of
this study to the researchers propose this technique as a
simple alternative in the diagnosis of dengue infection
by using finger prick blood samples at the time of provi-
sional diagnosis. Further studies with increased numbers
of clinical samples would be necessary to confirm such a
particular advantage.

Additionally, there are some valuable observations arising
from this study. It can be seen that there is a discrepancy
in the diagnosis of dengue infection. Some serologically
positive cases have a negative PCR result while some PCR
positive cases have a negative serological result. This can
be explained by the fact that in the latter situation the
usefulness of the PCR testing for early diagnosis at the
time of presentation to the physician is confirmed, while
the former case demonstrates the persistence of antibody
after the viremia stage. This indicates the pitfalls of PCR
and serology testing if used singly. Indeed, patients in
endemic areas usually give no clear-cut history of illness,
which makes it hard to estimate the exact timing of the
disease. A combination of finger prick blood PCR and
serology testing can be particularly helpful for diagnosis
in such cases.
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Avixveuon Tou 100 Tou ddyyeiou pe amAr) RT-PCR U Tn Xprion YEVIKWV EKQUAIGTIKWV AVIXVEUTWV:
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Clinical Microscopy Research Unit, Department of Clinical Microscopy, Faculty of Allied Health Sciences,
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Apxeia EAAnvikri¢ latpikric 2010, 27(5):818-821

TKOMOZX O 5AyyeElog AlOPPAYIKOG TTUPETOG (AATT) opeileTal OE TECOEPIG SIAPOPETIKOUG OPOTUTIOUG PAABoiol (DEN1-4).

Kat ol Técoepig opoTUTIOL Eival EVONUIKOI OTIG TTEPICCOTEPEG XWPES TWV TPOTTIKWV KAl TWV UTTOTPOTTIKWV TTEPLIOXWV. AOYW

NG VWNANG evalcOnoiag Kat TNG eI8IKOTNTAG TNG SIAYVWOTIKNAG TEXVIKNAG PE TNV PCR, mpoo@ata €xouv avantuxOei

Slapopetikég péBoSol PCR yla Tnv avixveuon TouG. ZKOMOG TNG HEAETNG TAV N AVATITUEN TEXVIKNG EVOG Bripatog RT-

PCR pe TN Xprion YEVIKWV AVIXVEUTWV Yla TAXEia avixveuon tou tikov RNA 6Awv Twv opotuniwyv tou ddyyelov. YAIKO-

MEO®OAOX H RT-PCR £@apuOOTNKE PE TN XPrion vog (eVYOUG AVIXVEUTWY, EISIKWV WG TTPOG TO PN Sopikd (NS1) mou
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EMTPETEL TN S1ATAPNON TNG TTEPLOXNG OTO YoVISiwpa Tou SAyYEIov OAWV TwV 0poTUTTWV. O AVIXVEUTHG OXESIAOTNKE UE
Bdaon Tig aAAnAouxieg 0To YovISiwpa TwV OTEAEXWV SAYYEIOUL TTOU CUAAEXONKaV otnV TaiAavdn. Auth n pébodog RT-
PCR BeAtiwBOnke katl a&lohoyndnke pe avixveuon tou dAayyetou péow RNA o€ KOANIEPYELQ KUTTAPWY KOUVOUTTIOU Kal
aipatog aocBevouc. AMOTEAEZMATA KatadeixOnke 611 n meptloxr) NS1 tou Sdyyelou (1-4) epappdOTNKE EMTUXWG,
mapéxovtag éva mpoidv RT-PCR avapevopevou pey€boug (637 bp). A@ou o 10¢ Tou Sdyyelou Bewpeital 6Tt avanmtuooeTal
in vivo ota povomupnva KUTtapa, xpnotpomolrn®nke RNA amd povomipnva KUTTapa TEPIPEPIKOU AiATOG AOOEVWV PE
vnoyia SAyyetou wg mpoTuTo yia tnv RT-PCR. Ta amoteAéopata Sgixvouv 6Tt n avixveuon tou tikol RNA o€ povomupnva
KOTTapa Ba UMOPOUOE va €ival PLa ATTOTEAECHATIKE EVOAANAKTIKK) AVON Yla TNV TEXVIKH TIPOOOIOPICHOU TWV HETABOAWV
avooooalpivng oto mAdoua. EYMMAEPAZMATA Z0u@wva PE TNV TapoVoa UEAETH, QAiVETAL OTL N €V AOYW TEXVIKN
gival Taxeia, EOKOAN Kat Tapéxel Tn SuvatdTnTa akplBoug Sidyvwong o utoPia SAyyelou.

Né&eig evupeTnpiovu: Adyyelog, Movomupnva, RT-PCR
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