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The dengue virus molecular typing method described by Lanciotti and coworkers (R. S. Lanciotti, C. H.
Calisher, D. J. Gubler, G. J. Chang, and A. Vance-Vorndam, J. Clin. Microbiol. 30:545-551, 1992) is used
worldwide for diagnosis and surveillance. However, it failed to detect DENV-1 variants in Cambodia due to a
point mutation. We describe an improvement of the method that allows the detection of additional DENV-1
strains, including potential variants.

Dengue virus (Flaviviridae, genus Flavivirus) serotypes 1 to
4 are transmitted to humans mainly by Aedes aegypti mosqui-
toes. Human infection leads to a clinical picture ranging from
asymptomatic infection or mild dengue fever to severe dengue
hemorrhagic fever (DHF) or dengue shock syndrome. Dengue
is a major public health problem of increasing concern, as
evidenced by the estimate of 50 million infections annually,
including 400,000 DHF cases, and 2.5 billion individuals at
risk (16). Southeast Asia, including Cambodia, is a an area of
dengue hyperendemicity, where the four serotypes are circu-
lating simultaneously and DHF cases are reported each year.
Since no vaccine is available to prevent the disease, its control
relies mainly on surveillance, vector control, and case manage-
ment (16).

Laboratory diagnosis of dengue infection includes molecular
techniques such as reverse transcription (RT)-PCR, for which
more than 16 different protocols have been published (9). One
protocol, developed by Lanciotti et al. (10), a seminested RT-
PCR, targets the C and pre-M region. It uses universal outer
dengue primers D1 and D2, followed by a subsequent sero-
type-specific seminested PCR combining primer D1 with one
of the following internal primers: TS1, TS2, TS3, or TS4. This
assay is known to exceed the sensitivity of virus isolation when
aliquots of the same sample are used (8) and is widely used for
diagnosis and surveillance of dengue, particularly in Southeast
Asian countries (2–5, 7, 13, 15).

In Cambodia, our laboratory surveillance of dengue utilizes
hemagglutination inhibition and immunoglobulin M capture
enzyme-linked immunosorbent assays, virus isolation on AP61
and Vero E6 cells (12), and seminested RT-PCR by the meth-
od of Lanciotti et al. (10) with slight modifications. Briefly,
100 �l of serum was extracted by using Trizol LS reagent (Life
Technologies, Gaithersburg, Md.), according to the manufac-
turer’s instructions. The resulting RNA pellet was resuspend-
ed in 30 �l of RNase-free water and incubated for 10 min at
55°C, and then 5 �l was used in an RT reaction in a 15-�l mix-
ture containing 500 �M deoxynucleoside triphosphate (dNTP),
0.25 �M D2 primer, 20 U of RNasin (Promega, Madison, Wis.),

5 U of avian myeloblastosis virus reverse transcriptase (Promega),
5� RT buffer, and RNase-free water. RT was carried out at 42°C
for 1 h. The first-round PCR was carried out in a 50-�l volume
containing 2.5 mM MgCl2, 0.2 mM (each) dNTPs (Boehringer
Mannheim, Mannheim, Germany), 0.2 �M (each) D1 and D2
outer primers, 1� Taq buffer, 2 U of Taq polymerase (Promega),
5 �l of the RT product, and PCR-grade water. The PCR program
started with 5 min of denaturation at 95°C, followed by 35 cycles
consisting of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min,
and ended with a 72°C final extension step for 10 min. The
second-round PCR was performed in a 50-�l reaction mixture
containing 2.5 mM MgCl2, 0.2 mM (each) dNTPs, 0.2 �M (each)
D1, TS1, TS2, TS3, and TS4 primers, 10� Taq buffer, 2 U of Taq
polymerase, and 5 �l of the diluted first-round PCR product
(1:100 in PCR-grade water). The cycling program started with a
5-min denaturation step at 94°C, followed by 25 cycles each at
94°C for 1 min, 55°C for 1 min, and 72°C for 1 min, and ended
with a 72°C final extension step for 10 min. Positive (dengue viral
RNA) and negative (no template) controls were included for
each step of the process (extraction, RT, and first- and second-
round PCR). In our hands, the minimum detection level of the
nested assay is 100 50% tissue culture infective doses (TCID50)
per milliliter.

In 2001, discordant results between virus isolation and semi-
nested RT-PCR were observed for eight patients. Indeed,
DENV-1 was isolated from patients’ sera whereas the semi-
nested RT-PCR detected in the first round a correctly sized
DNA product (511 bp) but failed to detect DENV-1 in the
second round. Given that (i) virological tests were performed
successfully within the same week on aliquots of the same
sample stored at �80°C, ruling out the degradation of viral
RNA due to conservation conditions, (ii) positive controls
yielded PCR products of the expected size, (iii) a second-round
PCR performed with D1 and TS1 primers only (to avoid
primer interactions during multiplex PCR) or with diluted pos-
itive first-round PCR products (to rule out potential inhibitor
effects) also yielded negative results, we hypothesized that the
amplification failure of the second-round PCR with primer
TS1 might be related to the presence of a DENV-1 variant
strain in the sample, resulting in a primer-template mismatch.

To test our hypothesis, nine first-round PCR products ob-
tained from samples which were positive for DENV-1 isolation
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but for which second-round PCR results were negative and
positive for six and three samples, respectively, were sequenced
by using the dye termination cycle sequencing technique and
an ABI Prism 373 automated sequencer. Sequences were
aligned by using the ClustalW program (14), and the alignment
of the relevant region is shown in Fig. 1. The sequences re-
vealed that isolates successfully amplified by second-round
PCR using D1 and TS1 (L0904278, L1108177, and L117016)
exhibited a C at position 568 (corresponding to the nucleotide
complementary to the 3�-most nucleotide of primer TS1) while
the isolates that failed to be amplified (L0810173, L0814160,
L1123235, L0725239, L0806336, and L0926212) had a T at the
same position. This observation indicated that the amplifica-
tion failed because of a primer-template mismatch at that 3�
position of the primer. Therefore, a new primer, TS1bis (5�-
CGT CTC AGT GAT CCG GGG RC-3�) was designed.
TS1bis is degenerate at position 568 (R � A or G) and has one
extra nucleotide (C) designed to anneal to position 567. This
primer allowed us to amplify DENV-1 isolates from Cambodia
that are amplifiable or not amplifiable by using the original
TS1 primer from Lanciotti’s protocol. The PCR sensitivity with
TS1bis was equivalent to that with TS1 (100 TCID50/ml).
Moreover, the use of TS1bis did not alter the specificity of the
technique, since genomes of DENV-2, DENV-3, DENV-4,
and other related flaviviruses (yellow fever, West Nile, Japa-
nese encephalitis, and Langat viruses) were not amplified (data
not shown).

This genetic variant with the mismatch to primer TS1 was

quite frequent among the samples tested in our laboratory.
Indeed, in addition to the eight patients who were DENV-1
isolation positive and first-round-PCR positive but D1-TS1
second-round-PCR negative, 12 of 38 other patients with com-
parable PCR results were identified. In addition, we used semi-
nested RT-PCR with TS1bis to screen additional acute-phase
samples collected within the provinces where DENV-1 variants
were detected in 2001. Although these samples yielded nega-
tive results with other methods (virus isolation, flavivirus se-
rology, and a modification of the technique of Lanciotti et al.
with TS1 primer), we detected the DENV-1 TS1 mismatch
genetic variant in 1 sample out of 38, demonstrating that some
dengue cases can be missed if the TS1 primer is relied on.

To investigate whether such TS1 mismatch variants existed
elsewhere, we used the Blast program (1) to search the Gen-
Bank/EMBL database for other DENV-1 examples of the mis-
match mutation at nucleotide position 568. Thirty-three se-
quences encompassing the target sequence for TS1 and TS1bis
in the pre-M region were found at the time of the search (July
2002). Their alignment with our sequences using ClustalW
software (14) showed that only one other strain (Djibouti,
1998) had the same mismatch mutation (Fig. 2).

DENV-1 variant strains that escape diagnosis by virus iso-
lation and identification with the type-specific monoclonal an-
tibody 15F3-1-15 (reacting with NS1 protein) instead of the
monoclonal antibody D2-1F1-3 (reacting with the E protein)
(6, 11) have been described To our knowledge, ours is the first
description of false-negative results due to a genetic variant.

FIG. 1. Alignment of nine sequences of dengue 1 viruses isolated in Cambodia, with the DENV-1 Nauru/74 strain sequence included as a
reference (10). Identities at nucleotide positions are shown by dots. The sequence numbering is based on the genomic Nauru/74 strain sequence.
The target region of the TS1 and TS1bis primers is shown in the gray box, and primer sense is indicated by the horizontal arrow. The vertical arrow
shows nucleotide position 568 (letters in bold), where a TS1 primer mismatch occurs.
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We demonstrated the association of a mutation at position 568
of DENV-1 strains with an RT-PCR amplification failure using
the seminested protocol of Lanciotti et al. (10). Although Lan-
ciotti et al. reported the absence of amplification with the
seminested RT-PCR of one DENV-1 isolate from Southeast
Asia, they suspected a low viral titer or presence of a PCR
inhibitor in the sample as the cause of the amplification failure.

Only 33 sequences including the target sequence of the TS1
primer in the pre-M region were found in GenBank. None of
the Southeast Asian sequences exhibited the mismatch muta-
tion that we have described. Nevertheless, the presence of such
variant strains in neighboring countries where the method of
Lanciotti et al. (10) is used should be assessed. The presence of
the mismatch mutation in a strain isolated in Djibouti demon-
strates that the variant could be widespread. Therefore, when
the method described by Lanciotti et al. is used, we recom-
mend the use of TS1bis where TS1 fails for DENV-1 typing.
Finally, our study emphasized the need for the combined use
of virus isolation and molecular techniques in reference labo-
ratories involved in dengue virus surveillance and typing.
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