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Virus detection methodology provides detection of dengue virus in the early phase of the disease. PCR,
targeting cDNA derived from viral RNA, has been used as a laboratory-based molecular tool for the detection
of Dengue virus. We report the development and use of three real-time one-step reverse transcriptase PCR
(RT-PCR) assays to detect dengue cases and serotype the virus involved. The first RT-PCR assay uses SYBR
green I as the reporting dye for the purpose of cost-effective screening for dengue virus. The detection limit of
the SYBR green I assay was 10 PFU/ml (0.01 equivalent PFU per assay) for all four dengue virus serotypes. The
second RT-PCR assay is a duplex fluorogenic probe-based real-time RT-PCR for serotyping clinical samples
for dengue viruses. The detection threshold of the probe-based RT-PCR format was 0.1 PFU for serotypes
Dengue-1 and Dengue-2, 1 PFU for serotype Dengue-3, and 0.01 PFU for serotype Dengue-4. The third is a
fourplex assay that detects any of the four serotypes in a single closed tube with comparable sensitivity.
Validation of the assays with local clinical samples collected from 2004 to 2006 revealed that there was an 88%
positive correlation between virus isolation and RT-PCR with regard to dengue virus detection and a 100%
correlation with seroconversion in subsequent samples. The serotyping results derived from duplex and
fourplex assays agree fully with each other and with that derived from immunofluorescence assays.

Dengue is a mosquito-borne disease that is prevalent in
tropical and subtropical regions. Dengue virus is a positive-
strand RNA virus that belongs to the flavivirus genus in the
Flaviviridae family. Dengue virus is transmitted principally by
Aedes aegypti, and its secondary vector is Aedes albopictus, both
of which can be found in many urban and suburban areas (6).
Dengue has four distinct serotypes (Dengue-1, -2, -3, and -4)
that can be differentiated by molecular methods.

Dengue fever (DF) and Dengue hemorrhagic fever (DHF)
continue to be important global public health problems (4, 9,
12, 16). In 2004, the World Health Organization reported
414,785 cases worldwide. Of these, 182,004 cases were from
South-East Asia and Western Pacific regions. These regions
were deemed the most seriously affected by dengue (24, 25).
Singapore, located in the midst of a dengue hyperendemic
region, has been at the forefront of dengue control campaigns
since the 1960s when DF was first reported (5). In 2004 9,459
cases (224.2 per 100,000 population) were reported in Singa-
pore, and in 2005 the number of dengue cases increased mark-
edly to 14,210 cases reported.

DF presents with undifferentiated clinical symptoms, and
thus it is important to have access to rapid and reliable labo-
ratory-based detection methods specifically designed to enable
the detection of dengue antigen or antibodies (10, 14). Virus
isolation is often regarded as the “gold standard” in dengue

diagnostics. However, the 7- to 10-day period required for the
dengue viruses to grow on cell lines and this method’s lack of
sensitivity have taken the luster off this approach.

When virus detection fails, clinicians usually resort to serol-
ogy tests for the detection of specific antibodies to dengue
virus. Various serological detection methods have been de-
scribed (1, 17, 19, 22). The presence of anti-dengue immuno-
globulin M (IgM) would be indicative of a recent dengue virus
infection. However, IgM can only be detected around 5 days
from the onset of illness, rendering earlier diagnosis impossi-
ble. Moreover, anti-dengue IgM could last for several months.
Unless consecutive samples were tested, this test could lead to
false positives due to a recent subclinical dengue virus infection
prior to the current illness under investigation. Cross-reactivity
of anti-dengue IgM with other flaviviruses is also a well-known
problem. A rapid detection of viral material provides a direct
indication of the pathogen involved. In dengue, the 5- to 8-day
viremic period experienced by a dengue patient offers a good
window of opportunity for diagnosis via PCR. Early accurate
diagnosis not only aids in the administration of proper clinical
treatments but is also important for disease surveillance, epi-
demiological investigation, and implementation of a dengue
control response. PCR has the added advantage of being able
to provide information on circulating serotype, which is essen-
tial for virus surveillance.

Shu et al. (18) reported oa rapid and simple real-time re-
verse transcriptase PCR (RT-PCR) using SYBR green I as the
reporter dye for the detection of dengue RNA. However, the
need for a pair of generic primers and four pairs of serotype-
specific primers limited the number of samples that could be
run simultaneously for the determination of serotypes. Five
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positions in the PCR thermal cycler would have to be allocated
to each sample.

Other researchers have used fluorogenic probes to differen-
tiate the four serotypes in real-time assays (3, 11, 13, 15, 23).
Although some assays required major manipulation of the
sample since each of the four serotypes required an individual
assay for serotyping, Johnson’s assay involved a sensitive single
reaction with multiple primer sets that directly performed se-
rotyping without prior screening. The former approach will
drive up the costs of reagents and limit the number of samples
to be tested in a single PCR equipment. The latter method is
suited for serotype surveillance but may not be cost-effective
for routine diagnosis since only a low percentage of the sam-
ples are usually positive for dengue.

We report the development of three different assays and a
cost-effective approach for diagnosis and virus surveillance.
This method was effectively used during the dengue outbreak
in Singapore in 2005. A cost-effective RT-PCR assay based on
SYBR green I has been developed for general screening of
samples from suspected cases. This pan-dengue system only
reports the quantitative status of the sample as either positive
or negative for dengue virus. By augmenting the same pairs of
primers with serotype-specific fluorescent probes, we were able
to perform duplex assays or fourplex assays to directly deter-
mine the serotype of the virus in clinical samples. The choice of
duplex or fourplex is dependent on the PCR equipment used
(i.e., the availability of filters and lasers). Although the former
test offers cost-effective and quick screening, particularly im-
portant for dengue surveillance in regions where the disease is
endemic, the latter duplex and fourplex assays will reduce the
serotyping cost per sample and minimize the manipulation of
both reagents and samples. In addition, more samples can be
processed in one PCR run than in a four-tube assay for each
sample, leading to higher throughput. These assays allowed
rapid screening and serotyping of dengue viruses in clinical
samples.

The RT-PCR (probe) results were compared to virus isola-
tion and IFA for its sensitivity and specificity.

MATERIALS AND METHODS

Clinical samples. Two sets of clinical serum samples collected from 2004 to
2006 were used in the present study. Set A of plain blood was collected through
a research project and consisted of three consecutive collections from each
suspected dengue patient. The first collection was within 72 h of fever onset, the
second collection took place 3 days after first collection, and third collection
occurred 21 days after fever onset. Collected from a total of 110 suspected
dengue patients, the samples were characterized and used to validate the RT-
PCR against seroconversion. Comparison with virus isolation and immunofluo-
rescence assay (IFA) were also made. Set B was single collection of plain blood
from 149 suspected dengue cases. This set of samples was sent from hospitals and
primary health care clinics and was used for validation of the RT-PCR against
virus isolation accompanied by IFA and for assessing the performance of the
newly developed RT-PCR in a diagnostic setting.

RNA extraction. All viral RNAs were extracted from the first serum portion or
virus culture supernatant by using a QIAGEN QIAamp viral RNA minikit
(QIAGEN, Hilden, Germany) according to the manufacturer’s protocol.

Design of oligonucleotide primers and FRET probes. The generic pan-dengue
primers used, which targeted the 3� noncoding region of dengue viruses, were
pan-dengue forward (5�-TTGAGTAAACYRTGCTGCCTGTAGCTC-3�) and
pan-dengue reverse (5�-GAGACAGCAGGATCTCTGGTCTYTC-3�). The for-
ward primer was designed by G. J. Chang (Division of Vector-Borne Diseases,
NCID, Fort Collins, CO) and L. J. Chien (Center for Disease Control of Taiwan)
and was shared during the Asia Pacific Economic Congress workshop on the
molecular epidemiology of dengue viruses held in Taipei in December 2002. The

reverse primer was designed to be compatible with the four pairs of fluorescence
resonance energy transfer (FRET) probes that would be positioned internally in
the amplified fragments. The sequences of the four pairs of probes used in this
assay are provided in Table 1. Figure 1 shows the binding sites of the primers and
probes used.

Detection by SYBR green I-based real-time RT-PCR. All RT-PCRs were
performed with 1 �l of RNA template in 10-�l reactions. The RNAs of Den-
gue-1 (S144), Dengue-2 (ST), Dengue-3 (SGH), and Dengue-4 (S006) were
included as external controls in every RT-PCR run. These positive controls were
derived from virus cultures isolated from clinical samples obtained from dengue
patients in Singapore. All clinical RNA samples were first screened by SYBR
green I-based real-time RT-PCR. One-step SYBR green I-based RT-PCR was
carried out on the LightCycler system (LC 1.2; Roche Diagnostics, Penzberg,
Germany). Samples were assayed with an optimal concentration (0.4 �M) of
each primer in a 1� final concentration of LightCycler RNA master SYBR green
I and 3 mM manganese acetate (Roche Diagnostics). The RT-PCR conditions
for the one-step SYBR green I RT-PCR consist of a 10-min reverse transcription
step at 60°C and then 1 min of Taq polymerase activation at 95°C, followed by 35
cycles of PCR at 95°C without holding time (denaturation), 60°C for 3 s (an-
nealing), and 72°C for 10 s (extension). The fluorescence emitted was captured
at the end of the extension step of each cycle at 530 nm.

Amplification graphs were checked for the cross-point (CP) value of the PCR
product. The CP value represented the cycle by which the fluorescence of a
sample increased to a level higher than the background fluorescence in the
amplification cycle. Melting-curve analysis was performed after PCR amplifica-
tion to verify that the correct product was amplified by examining its specific
melting temperature (Tm). Reactions with a high CP value or ambiguous melt-
ing-curve results were analyzed by gel electrophoresis on a 2% agarose gel to
confirm presence of product of the correct size.

Serotyping by FRET probes. Distinction between the serotypes was achieved
by augmenting the pair of generic primers with serotype-specific FRET probes.
In the duplex assay, probes targeting Dengue-1 and Dengue-3 were tagged with
LC-Red 640 fluorescent dye, while probes targeting Dengue-2 and Dengue-4
were labeled with LC-Red 705 fluorescent dye. A duplex PCR was carried out on
each sample by introducing the sample into two separate capillary tubes. One
tube contained serotype-specific probes for Dengue-1 and Dengue-2, while the
other tube contained serotype-specific probes for Dengue-3 and Dengue-4. A
Roche LightCycler RNA master hybridization probe kit (Roche Diagnostics)
was used, and each assay consisted of 1� LightCycler RNA master hybridization
probe mix, 3.25 mM manganese acetate, a 0.4 �M concentration of forward
primer, a 0.4 �M concentration of reverse primer, and a 0.3 �M concentration
of each probe.

Reverse transcription was carried out at 61°C for 15 min, followed by Taq

TABLE 1. Sequences of FRET probes and primers used in the
dengue virus real-time RT-PCR assays

Probe or primer Sequence (5�–3�)

Probes
Den1-FL ......................CAGGATACAGCTTCCCCTGGTGTTG-fluorescein
Den1-LC......................LC640-GCCCCGCTGCTGCGTTATGT-phosphate
Den2-FL ......................CTTACAAATCGCAGCAACAATGGG-fluorescein
Den2-LC......................LC705-GCCCAAGGTGAGATGAAGCTGTAGTC-

phosphate
Den3-FL ......................GCCCGAGCACTGAGGGAAGCT-fluorescein
Den3-LC......................LC640-ACCTCCTTGCAAAGGACTAGAGGTTAT

AGG-phosphate
Den4-FL ......................ATCACTGACAAAACGCAGCAAAAG-fluorescein
Den4-LC......................LC705-GGCCCGAAGCCAGGAGGAAG-phosphate

Primers
Pan-dengue

forward.....................TTGAGTAAACYRTGCTGCCTGTAGCTC
Pan-dengue

reverse......................GAGACAGCAGGATCTCTGGTCTYTC
D1 cloning F ...............TCCAAGGACGTAAAATGAAGT
D1 cloning R...............TCTGTGCCTGGAATGATGC
D2 cloning F ...............AAAAACTATGCTACCTGTGAG
D2 cloning R...............CATTTTCTGGCGTTCTGTG
D3 cloning F ...............GCCACCTTAAGCCACAGTA
D3 cloning R...............TGATTCAACAGCACCATTCC
D4 cloning F ...............CAACAACAAACACCAAAGGCTATT
D4 cloning R...............AATCCATCTTGCGGCGCTCTGTG
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polymerase activation at 95°C for 1 min. A 45-cycle PCR amplification was
performed with denaturation at 95°C (without holding time), annealing at 60°C
for 15 s, and extension at 72°C for 10 s. The fluorescence emitted from the assay
was captured during the annealing phase of each cycle at 640 and 705 nm. The
results were analyzed with LightCycler software version 3.5.

A fourplex single-tube format RT-PCR assay was developed by using a more
advanced version of the LightCycler (LC 2.0; Roche Diagnostics). The addition
of two filters allowed the reading of fluorescence at two extra wavelengths, i.e.,
610 and 670 nm, compared to the older version LC 1.2. In the fourplex assay,
probes targeting Dengue-1 were tagged with LC-Red 610 fluorescent dye, and
those targeting Dengue-2 were tagged with LC-Red 670 fluorescent dye. Fluo-
rescent dyes for Dengue-3 and Dengue-4 remained the same as for the duplex
assay. A fourplex RT-PCR was carried out in a single tube on each sample
containing all of the four fluorescent dyes for each respective dengue serotype.
Each assay consisted of 1� LightCycler RNA master hybridization probe mix
(Roche Diagnostics), 3.25 mM manganese acetate, a 0.3 �M concentration of
forward primer, and a 0.3 �M concentration of reverse primer. The concentra-
tion of the probes was optimized to eliminate cross talks. The probe concentra-
tions used in each reaction tube were 0.3 �M for Dengue-1, 0.15 �M for
Dengue-2, 0.12 �M for Dengue-3, and 0.2 �M for Dengue-4.

Reverse transcription was carried out at 61°C for 20 min, followed by Taq
polymerase activation at 95°C for 1 min. A 45-cycle PCR amplification was
performed with denaturation at 95°C for 1 s, annealing at 59°C for 15 s, and
extension at 72°C for 10 s. The fluorescence emitted from the assay was captured
during the annealing phase of each cycle at 610, 640, 670, and 705 nm, respec-
tively. The results were analyzed by using LightCycler software version 4.05.

Preparation of DNA constructs for sensitivity tests. Table 1 shows the primers
used for amplification of the target fragment of each dengue virus serotype. The
amplified fragment of each serotype was cloned into the pCR-Blunt II TOPO
vector by using the Zero Blunt TOPO PCR cloning kit (Invitrogen) according to
the manufacturer’s instructions. A plasmid construct for each serotype was pre-
pared by using the QIAprep spin miniprep kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s instructions.

Virus isolation and IFA. A serum portion was utilized for virus isolation in the
Aedes albopictus mosquito cell line C6/36 cell line (ATCC CRL-1660), followed
by serotyping using IFA. Briefly, cell cultures were incubated for 10 days at 33°C
after a 1-h adsorption period at 37°C. Cells were harvested after 10 days for
staining in IFA. Cells were reacted with either dengue virus group-specific or

dengue virus serotype-specific monoclonal antibodies derived from the clarified
supernatant from hybridoma cultures (ATCC HB-46, HB-47, HB-48, and HB-
49). The fluorescein isothiocyanate-conjugated goat anti-mouse antibody was
used as the detector. A maximum of three passages was done for each sample if
it was negative in the first or second passages.

Serology. Serology testing for anti-dengue IgM and IgG antibodies were per-
formed by using a dengue capture IgM enzyme-linked immunosorbent assay
(ELISA), a dengue capture IgG ELISA, and a dengue indirect IgG ELISA
(Pan-Bio Diagnostics) according to the manufacturer’s instructions.

RESULTS

Specificity of pan-dengue primers and serotype-specific
probes. The pan-dengue pair of primers was tested for speci-
ficity against various flaviviruses such as Japanese encephalitis
virus, yellow fever virus (vaccine strain), Kunjin virus, West
Nile virus (New York and Wenglar strains), dengue virus, and
an alphavirus, Chikungunya virus. These viruses are either
closely related to dengue virus or cocirculate in the region with
very similar symptoms. The primer pair was found to be spe-
cific to dengue viruses.

The specificity of the serotype-specific FRET probes was
confirmed with an in-house collection of isolates of well-char-
acterized serotypes, determined by IFA, and sequencing. At
least three isolates of each serotype were tested.

Sensitivity of SYBR green I-based and FRET probe-based
one-step RT-PCR assays. The detection limits of the three
RT-PCR assays were determined according to PFU and copies
of DNA in duplicates. The former was performed with 10-fold
dilutions of seed viruses that had been quantitated by a plaque-
forming assay. The detection threshold of the SYBR green
pan-dengue assay is 0.01 PFU for all four dengue serotypes.
This high sensitivity would ensure that clinical samples with a

FIG. 1. Alignment of the 3� untranslated region of dengue viruses and binding sites for RT-PCR primers and probes. Except for Dengue-2, each
serotype is represented by a Singaporean and two foreign isolates. Primer 1, pan-dengue forward primer; 2, pan-dengue reverse primer–reverse
complementary; 3, D1 fluorescein-labeled probe–reverse complementary; primer 4, D1 LC Red-labeled probe–reverse complementary; primer 5,
D2 fluorescein-labeled probe; 6, D2 LC Red-labeled probe; 7, D3 fluorescein-labeled probe; 8, D3 LC Red-labeled probe; 9, D4 fluorescein-
labeled probe; and 10, D4 LC Red-labeled probe.
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low virus titer would be recognized as dengue positive (Table
2). The detection threshold of the FRET probe-based duplex
RT-PCR assay was 0.1 PFU for Dengue-1 and Dengue-2, 1
PFU for Dengue-3, and 0.01 PFU for Dengue-4. In the case of
fourplex RT-PCR assay, the sensitivity was comparable, with
the following results: 0.01 PFU for Dengue-1 and Dengue-3,
0.1 PFU for Dengue-2, and 1 PFU for Dengue-4 (Table 2).

The second method was performed with 10-fold dilutions of
plasmid containing target fragment of each of the four sero-
types. The detection threshold of the SYBR green pan-dengue
assay was 102 DNA copies for all four dengue serotypes (Table
3). The detection threshold of both the FRET probe-based
duplex and the fourplex RT-PCR assay was 10 to 100 DNA
copies for all serotypes (Table 3). This method provides us with
an idea of the sensitivity of the assays but is limited since it only
provides information on the sensitivity of the PCR component
of the RT-PCR and does not take the RT efficiency into con-
sideration.

Validation of RT-PCR assays through seroconversion among
samples with three consecutive collections. Validation of the
SYBR green RT-PCR was performed with sample set A, with
three collections at different time points from patients sus-
pected of having dengue. RT-PCR was performed on the first
collection, and the subsequent two collections enabled confir-
mation of RT-PCR diagnosis via anti-dengue virus IgM and
IgG seroconversion assays. Among a total of 110 sets of sam-
ples (each complete with three different collections), 90 sam-

ples tested positive for SYBR green RT-PCR in the first col-
lection, and all exhibited seroconversion (anti-dengue virus
IgM or IgG) in later subsequent samplings. Seventeen individ-
uals who did not display anti-dengue virus IgM seroconversion
displayed seroconversion when tested using dengue capture
IgG ELISA. None of the other 20 sets of serum samples that
tested RT-PCR negative in the first collection displayed any
seroconversion (Table 4). The results demonstrated the 100%
sensitivity and 100% specificity of our SYBR green RT-PCR
assay when performed within 3 days of illness. Table 5 shows

TABLE 2. Sensitivity of each RT-PCR assay: SYBR green pan-
dengue RT-PCR, serotype-specific duplex assay, and serotype-

specific fourplex assay based on PFU per reactiona

Virus
serotype PFU

CP value for
SYBR green
pan-dengue

RT-PCR

CP value for
serotype-specific:

Duplex
assay

Fourplex
assay

Dengue-1 1,000 12.94 15.02 12.96
100 16.90 18.75 16.30
10 20.43 22.66 19.70
1 24.32 25.63 22.61
0.1 27.46 25.94 24.98
0.01 30.48 ND 26.16

Dengue-2 1,000 16.55 15.59 13.85
100 20.20 18.29 16.86
10 23.89 22.31 19.70
1 27.18 25.61 22.59
0.1 29.86 27.25 24.95
0.01 30.50 ND ND

Dengue-3 1,000 12.39 14.21 12.29
100 15.84 17.91 16.57
10 19.66 21.67 18.46
1 23.35 25.35 21.41
0.1 26.71 ND 23.76
0.01 29.72 ND 25.11

Dengue-4 1,000 15.47 15.20 16.85
100 18.98 17.56 19.01
10 22.90 21.07 21.89
1 26.47 24.82 23.76
0.1 28.72 26.21 ND
0.01 30.67 28.71 ND

a Only the respective serotype was amplified. ND, not detected.

TABLE 3. Sensitivity of each RT-PCR assay: SYBR green pan-
dengue RT-PCR, serotype-specific duplex assay, and serotype-

specific fourplex assay based on DNA copies per reaction

Virus
serotype PFU

CP value for
SYBR green
pan-dengue

RT-PCR

CP value for
serotype-specific:

Duplex
assay

Fourplex
assay

Dengue-1 106 18.58 18.10 19.26
105 22.52 21.82 23.63
104 25.92 25.84 26.57
103 26.61 27.98 29.83
102 26.62 30.91 33.29
101 NDa ND 34.04

Dengue-2 106 18.73 18.63 18.75
105 22.83 22.63 22.62
104 25.19 25.89 25.85
103 26.20 28.25 29.00
102 27.98 30.13 31.91
101 ND 32.73 32.86

Dengue-3 106 18.53 19.88 19.26
105 22.85 23.66 23.04
104 24.69 25.77 26.69
103 24.86 28.65 29.58
102 26.38 30.19 31.15
101 ND1 31.04 ND

Dengue-4 106 18.80 18.92 22.90
105 22.19 21.95 26.91
104 25.21 25.41 29.69
103 26.11 28.15 32.69
102 26.15 30.52 32.72
101 ND ND ND

a ND, not detected.

TABLE 4. Comparison of SYBR green RT-PCR assay with
seroconversion status

Collection Seroconversion
status

No. of patients
with the

indicated PCR
result in the first
collection (�72
h from onset

of fever)

� �

First collection (IgM) � 0 0
� 90 20

Seroconversion in second � 90 0
or third collection � 0 20
(IgM or IgG)
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the range of CP values for the positive samples. Among the 90
PCR-positive samples, 79 were positive for virus isolation. This
translated to 87.8% correlation.

All RT-PCR (SYBR green)-positive samples could be sero-
typed by using the FRET probe-based duplex and fourplex
RT-PCR. Among the 90 RT-PCR samples, 38 were found to
be Dengue-1, 4 of them were Dengue-2, and 48 were Den-
gue-3. Among those that could be isolated, the serotype results
determined by IFA correlate fully with the results obtained
from the duplex and fourplex RT-PCRs.

Validation of RT-PCR assays with virus isolation and IFA
among routine diagnostic samples. Further validation of the
RT-PCR assays and determination of their performance were
performed on clinical samples that were sent for diagnostics
(singly collected). A total of 149 serum samples from suspected
dengue cases were screened. Of these, 52 samples (34.9%)
were tested positive for dengue virus by the SYBR green-based
RT-PCR. Table 5 shows the number of samples within various
ranges of CP values. The CP values of most samples were less
than 30 cycles, which were easily interpreted. Only 46 of the 52
PCR-positive samples (88.5%) were positive by virus isolation
and IFA (Table 6, footnote a). All samples that were positive
by virus isolation and IFA were positive in the RT-PCR. The
88.3% correlation in the two techniques determined here was
comparable to that determined with samples set A. (87.8%).
The six samples that were positive for PCR and negative for
virus isolation/IFA were further investigated by using serology
assays (Table 6). Two of the six samples had positive anti-
dengue IgM and a PCR CP value of more than 31 cycles. These
findings suggested that the cases were at the end of the viremic
stage with low viral load, which explained the low viability rate
of the virus. Three other samples had no detectable level of
anti-dengue IgM. However, we detected the presence of high
level of anti-dengue IgG (�37 Pan-bio units). There was in-
sufficient sample from the last case for further serology inves-
tigation.

All RT-PCR (SYBR green)-positive samples could be sero-
typed by using the FRET probe-based duplex and fourplex
RT-PCRs. Of the 52 dengue virus-positive samples, 45 (86.5%)
were tested as Dengue-1, 2 (3.8%) were Dengue-2, 5 (9.6%)
were Dengue-3, and none was Dengue-4. The serotype deter-
mined by duplex and fourplex RT-PCRs correlates 100% with
each other and with that determined by the IFA. Although
Dengue-4 was not detected within the test samples, it was
detected in five samples in 2005, and the results were also
confirmed by IFA (National Environment Agency, unpub-
lished data).

Using serum samples spiked with various combinations of
serotypes in a single sample, the fourplex assay was able to
detect the presence of more than one serotype in a single

sample. This demonstrated its plausible ability to detect coin-
fection of more than one serotype.

DISCUSSION

The RT-PCR assays developed have been shown to be more
sensitive than virus isolation. The sensitivity of the method was
contributed by two factors: one-step RT-PCR and real-time
assay. Recently, it was reported that a one-step RT-PCR was
better than a two-step RT-PCR (8). This could be explained by
the fact that all of the cDNA synthesized in a one-step RT-
PCR would be available for PCR amplification, and this was
reflected in the high sensitivity of our RT-PCR (probe) assay.
The real-time tracking of PCR products within the capillary
tube as the PCR progresses ensured that every product was
captured and reported compared to endpoint PCRs, where
only a portion of the product was loaded for visual examination
on an ethidium bromide-stained agarose gel. The added ad-
vantage of the system was the minimization of false positives
due to cross-contamination.

The pan-dengue generic primers used in the present study
were a modification of the ones used in previous published
study (2). The original primer pair was found to cross-react
with West Nile (New York strain), while the specificity of
primers in the present study had been demonstrated by tests
with closely related flaviviruses.

One particular point of interest is how the relative sensitivity
of the pan-dengue SYBR green I-based RT-PCR and the mul-
tiplex PCR differs depending on the template used. When
RNA prepared from viruses grown in cell culture or from
clinical samples was used as a template, the SYBR green RT-
PCR displayed equal or higher sensitivity than the probe-based
multiplex assays. However, using DNA constructs as a tem-
plate rendered the SYBR green assays equally or less sensitive
(by 1 log unit) than the probe-based multiplex assays. This is
likely due to the fact that the optimization of the assays was
performed on RNA prepared from viruses grown in cell cul-
ture, and the assays may not be optimal for plasmids isolated
from bacterial cell culture. Variations in salt concentration and
nucleic acid interference may be some of the causative factors.
Thus, the complex interplay between primer, probe, salt, and
nucleic acid concentration could have resulted in the above
observation. This, along with the fact that the use of DNA
constructs in the assays negates the reverse transcription pro-

TABLE 5. SYBR green RT-PCR assay

Set
No. of samples with CP value of:

�20.0 20.1–25.0 25.1–30.0 �30

Set A 51 30 8 1
Set B 19 18 8 7

TABLE 6. Comparison of SYBR green RT-PCR assay
with virus isolationa

Sample

Serology of samples that were PCR positive
but isolation negative

CP value Dengue IgM Dengue IgGb

SS693Y04 �31 Pos Neg (4.02)
SS713Y04 26.43 Neg Pos (43.3)
SS007Y05 24.93 Neg Pos (42.7)
SS040Y05 �31 Pos Pos (40.63)
SS059Y05 21 Neg Pos (37.93)
SS069Y05 24 NDc ND

a Neg, negative; Pos, positive.
b Numbers in parentheses are pan-bio units: �9 � negative, 9 to 11 � equiv-

ocal, and �11 � positive.
c ND, not done due to insufficient serum.
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cess, demonstrated that sensitivity tests using DNA constructs
could only provide us with an idea of the sensitivity of the
assays.

Samples that were negative by virus isolation were further
investigated by testing their antibody status. Our results sug-
gested that anti-dengue antibody levels in the samples might
have interfered with the growth of the virus on C6/36 cell lines.
The inhibition of virus development in vitro, despite rather low
CP values of 21, 24, and 26, could likely be due to the anti-
bodies’ effect on the viability of the virus or the neutralizing
effect of the virus by these antibodies. On the other hand, the
PCR method might be less affected by the presence of neu-
tralizing antibodies in the samples.

As much as 88% of all PCR-positive sera yielded an isolate
in cell culture. This could be due to (i) the small size of
Singapore and the short transport chain required to get the
samples from patient to the laboratory and (ii) early sampling
of the patients due to high level of awareness for dengue and
a very accessible primary health care system in dengue-en-
demic Singapore. The former factor ensures the integrity of
the samples, and the latter could lead to samples with higher
viral load and with higher viral viability.

Serotyping dengue viruses is important in the epidemiolog-
ical study of the disease. Vaughn et al. (21) reported that
disease severity in dengue correlates with virus titer and virus
serotype. Moreover, the intrinsic incubation period differs
from serotype to serotype. This may provide the clinician who
is treating a patient with much-needed information on the
potential complications that could arise. In addition, certain
serotypes might be associated with an epidemic. A change in
the predominant serotype circulating within a community may
be an indicator of an imminent dengue outbreak since the
population is immunologically naive against the new serotype.
Thu et al. (20) made such observations in Myanmar during the
2001 outbreak when Dengue-1 became the predominant sero-
type circulating in the country. It was also evident in Singapore
where a switch from Dengue-2 to Dengue-1 led to an outbreak
in 2004 and 2005 (National Environment Agency, unpublished
data).

Dengue produces a febrile disease that presents with undif-
ferentiated symptoms. This disease can only be confirmed with
antigenic or immunologic detection tests. We have reported
the development of three assays that we had used during the
2005 dengue outbreak in Singapore in support of the diagnos-
tic and surveillance efforts. Our strategy was to use the low-cost
SYBR green test for screening or for diagnosis. This real-time
PCR, which could be completed in 1 h, was a rapid method
allowing the fast detection and confirmation of dengue viruses
in clinical samples. This early diagnostic tool was useful since
patients in Singapore generally seek medical attention early in
the disease, within the viremic period. The use of SYBR green
had reduced our material costs for diagnosis by half compared
to other methods that used probes. This was particularly im-
portant since generally 30 to 50% of the samples tested are
positive during an epidemic period and only less than 10% are
positive during a nonepidemic season. This rapid, early, and
affordable diagnostic approach can contribute to a timely re-
sponse to cluster management.

The more costly RT-PCR probe assays were, and still con-
tinue to be, used only on dengue RNA-positive samples for the

surveillance and epidemiological study of serotypes. The du-
plex and fourplex format had allowed us to increase our
throughput. The former was appropriate for use in LightCycler
system (LC 1.2; Roche Diagnostics), while the latter was com-
patible with LightCycler LC 2.0, which consisted of two addi-
tional filters that allowed fluorescence measurement at wave-
lengths of 610 and 670 nm. The multiplex formats were critical
during the outbreak period, where high-throughput and rapid
results on circulating serotypes were appreciated. The speed of
the test and the high throughput capacity had allowed us to
observe, almost in real time, the predominance of Dengue-1 in
the Singapore 2005 outbreak and the emergence of new sero-
types in parts of the country. Enhanced action could then be
taken against regions with the emergence of a new serotype.

ACKNOWLEDGMENTS

We thank the NEA for funding this project and Patrik Johansson for
critical reading of the manuscript and help in generating the sequence
alignment. We gratefully acknowledge the expertise of Olfert Landt
and his team at Tib Molbiol for designing the reverse primer and the
probes used in this project. We also thank the Early Dengue (EDEN)
team, who put in a concerted effort to obtain and process the series of
clinical samples. EDEN is a research collaboration among seven Sin-
gapore groups, the Tan Tock Seng Hospital; NHG Polyclinic Group,
the Singapore Tissue Network, the DSO National Laboratories, the
National Environment Agency, the Genome Institute of Singapore
and the Novartis Institute for Tropical Diseases. We also thank the
EDEN participants for enrolling in the present study.

REFERENCES

1. Balmaseda, A., M. G. Guzman, S. Hammond, G. Robleto, C. Flores, Y.
Tellez, E. Videa, S. Saborio, L. Perez, E. Sandoval, Y. Rodriguez, and E.
Harris. 2003. Diagnosis of dengue virus infection by detection of specific
Immunoglobulin M (IgM) and IgA antibodies in serum and saliva. Clin.
Diagn. Lab. Immunol. 10:317–322.

2. Barkham, T. M., Y. K. Chung, K. F. Tang, and E. E. Ooi. 2006. The
performance of RT-PCR compared with a rapid serological assay for acute
dengue fever in a diagnostic laboratory. Trans. R. Soc. Trop. Med. Hyg.
100:142–148.

3. Callagan, J. D., S. L. Wu, A. Dion-Schultz, B. E. Mangold, L. F. Peruski,
D. M. Watts, K. R. Porter, G. R. Murphy, W. Suharyona, C. C. King, C. R.
Hayes, and J. J. Temeenak. 2001. Development and evaluation of serotype-
and group-specific fluorogenic reverse-transcriptase PCR (TaqMan) assays
for dengue virus. J. Clin. Microbiol. 39:4119–4124.

4. Castleberry, J. S., and C. R. Mahon. 2003. Dengue fever in the western
hemisphere. Clin. Lab. Sci. 16:34–38.

5. Chan, K. L. 1985. Singapore’s dengue haemorrhagic fever control program:
a case study on the successful control of Aedes aegypti and Aedes albopictus
using mainly environmental measures as a part of integrated vector control.
Southeast Asian Medical Information Center, Tokyo, Japan.

6. Chan, Y. C., K. L. Chan, and B. C. Ho. 1971. Aedes aegypti (L.) and Aedes
albopictus (Skuse) in Singapore City. 1. Distribution and density. Bull.
W. H. O. 44:617–627.

7. Chan, Y. C., K. L. Chan, and B. C. Ho. 1971. Aedes aegypti (L.) and Aedes
albopictus (Skuse) in Singapore City. 5. Observations in relation to dengue
haemorrhagic fever. Bull. W. H. O. 44:651–658.

8. De Paula, S. O., C. de Melo Lima, M. P. Torres, M. R. Pereira, and B. A.
Lopes da Fonse. 2004. One-step RT-PCR protocols improve the rate of
dengue diagnostics compares to two-step RT-PCR approaches. J. Clin. Vi-
rol. 30:297–301.

9. Guzman, M. G., and G. Kouri. 2003. Dengue and dengue hemorrhagic fever
in the Americas: lessons and challenges. J. Clin. Virol. 27:1–13.

10. Guzman, M. G., and G. Kouri. 2004. Dengue diagnosis, advances, and
challenges. Int. J. Infect. Dis. 8:69–80.

11. Houng, H. H., R. C. M. Chen, D. W. Vaughn, and N. Kanesa-thesan. 2001.
Development of a fluorogenic RT-PCR system for quantitative identification
of dengue virus serotypes 1 to 4 using conserved and serotype-specific 3�
noncoding sequences. J. Virol. Methods 95:19–32.

12. Isturiz, R. E., D. J. Gubler, and J. Brea del Castillo. 2000. Dengue and
dengue hemorrhagic fever in Latin America and the Caribbean. Infect. Dis.
Clin. N. Am. 14:121–140.

13. Johnson, B. W., B. J. Russell, and R. S. Lanciotti. 2005. Serotype-specific
detection of dengue viruses in a fourplex real-time reverse transcriptase PCR
assay. J. Clin. Microbiol. 43:4977–4983.

940 LAI ET AL. J. CLIN. MICROBIOL.



14. Kao, C. L., C. C. King, D. Y. Chao, H. L. Wu, and G. J. J. Chang. 2004.
Laboratory diagnosis of dengue virus infection: current and future perspec-
tives in clinical diagnosis and public health. J. Microbiol. Immunol. Infect.
38:5–16.

15. Laue, T., P. Emmerich, and H. Schmitz. 1999. Detection of dengue virus
RNA in patients after primary or secondary dengue infection by using the
TaqMan automated amplification system. J. Clin. Microbiol. 37:2543–2547.

16. Mairuhu, A. T., J. Wagenaar, D. P. Brandjes, and E. C. van Gorp. 2004.
Dengue: an arthropod-borne disease of global importance. Eur. J. Clin.
Microbiol. Infect. Dis. 23:425–433.

17. Schilling, S., D. Ludolfs, L. Van An, and H. Schmitz. 2004. Laboratory
diagnosis of primary and secondary dengue infection. J. Clin. Virol. 31:179–
184.

18. Shu, P. Y., S. F. Chang, Y. C. Kuo, Y. Y. Yueh, L. J. Chien, C. L. Sue, T. H.
Lin, and J. H. Huang. 2003. Development of group- and serotype-specific
one-step SYBR green I-based real-time reverse-transcription-PCR assay for
dengue virus. J. Clin. Microbiol. 41:2408–2416.

19. Shu, P. Y., L. K. Chen, S. F. Chang, Y. Y. Yueh, L. Chow, L. J. Chien, C.
Chin, T. H. Lin, and J. H. Huang. 2003. Comparison of capture immuno-
globulin M (IgM) and IgG enzyme-linked immunosorbent assay (ELISA)
and nonstructural protein NS1 serotype-specific IgG ELISA for differenti-

ation of primary and secondary dengue virus infections. Clin. Diagn. Lab.
Immunol. 10:622–630.

20. Thu, H. M., K. Lowry, T. T. Myint, T. N. Shwe, A. M. Han, K. K. Khin, K. Z.
Thant, S. thein, and J. Aaskov. 2004. Myanmar dengue outbreak associated
with displacement of serotypes 2, 3, and 4 by Dengue 1. Emerg. Infect. Dis.
10:593–597.

21. Vaughn, D. W., S. Green, S. Kalayanarooj, B. L. Innis, S. Nimmanniyatya,
S. Suntayakorn, T. P. Endy, B. Raengsakulrach, A. L. Rothman, F. A. Ennis,
and A. Nisalak. 2000. Dengue viremia titer, antibody response pattern, and
virus serotype correlate with disease severity. J. Infect. Dis. 181:2–9.

22. Vazquez, S., G. Lemos, M. Pupo, O. Ganzon, D. Palenzuela, A. Indart, and
M. G. Guzman. 2003. Diagnosis of dengue virus infection by the visual and
simple AuBioDOT immunoglobulin M capture system. Clin. Diagn. Lab.
Immunol. 10:1074–1077.

23. Warrilow, D., J. A. Northill, A. Pyke, and G. A. Smith. 2002. Single rapid
TaqMan fluorogenic probe-based PCR assay that detects all four dengue
serotypes. J. Med. Virol. 66:524–528.

24. World Health Organization. 2002. Dengue and dengue haemorrhagic fever.
WHO Fact Sheet 117. World Health Organization, Geneva, Switzerland.

25. World Health Organization. 2006. DengueNet. World Health Organization,
Geneva, Switzerland.

VOL. 45, 2007 COST-EFFECTIVE RT-PCR TO SCREEN FOR DENGUE VIRUS 941


