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Abstract 

Dengue virus type-2 (DEN-2) has been isolated in Malaysia for more than three decades. The virus 
caused two major outbreaks in the early 1990s and late 1990s. Phylogenetic analyses performed using 
available E/NS1 junction sequences identified two DEN-2 genotypes: DEN-2 Asian 1 and DEN-2 
Cosmopolitan. DEN-2 Cosmopolitan/Malaysia is the predominant genotype comprising more than 
80% of the total isolates. Two different clades of DEN-2 Cosmopolitan/Malaysia genotype were 
identified. Clade I consisted of mainly the older isolates, whereas Clade II consisted of the more recent 
isolates, including that responsible for both the major DEN-2 outbreaks. Two different strains of DEN-
2 Cosmopolitan/Malaysia genotype were involved in the outbreaks, yet both strains appeared to share 
a common ancestral lineage with isolates from the early 1970s. Isolates from the late 1990s showed 
higher sequence similarities to the late-1960s isolates than the early-1990s isolates. These findings 
raised the possibility that the different DEN-2 strains noted over the last three decades in Malaysia 
might have evolved from a pre existing DEN-2 gene pool. 
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Introduction 
The existence of dengue fever (DF) in 
Malaysia was first described following an 
outbreak in Penang, a northern state in the 
Malaysian peninsula, in 1902(1). In 1954, the 
first-ever isolate of dengue virus, a DEN-1 
was obtained during an outbreak in Kuala 
Lumpur(2). Eighteen years later (1962), the 
first case of dengue haemorrhagic fever 
(DHF) was reported(3). Dengue has since 
become endemic in Malaysia, with an 
average incidence of about 400 to 7,000 

cases of DF/DHF annually. All four serotypes 
are found co-circulating in the country with 
DEN-2 and DEN-3 being the most 
commonly isolated serotypes. A recent 
analysis of the trend and pattern of dengue 
in Malaysia over the last few decades 
showed that major DF/DHF outbreaks 
occurred in a cyclical pattern of 
approximately eight years and it involved 
mainly DEN-1, DEN-2 and DEN-3(4). The 
cycle is thought to be associated with the 
switching of the predominant dengue virus 
serotypes in the population. For example, it 
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was reported that a major outbreak of 
DF/DHF involving predominantly DEN-1 
that occurred in Malaysia between 1997 and 
1998 was preceded by high levels of DEN-3 
in the population. Similarly, the outbreak in 
1990-1991 involving mainly DEN-2 was 
preceded by a high occurrence of DEN-1(4). 
The outbreaks involving DEN-4, however, 
occurred only in the 1960s and it has not 
been reported ever since. The disappearance 
of outbreaks involving DEN-4 coincided with 
its replacement by other dengue virus 
serotypes, especially DEN-2 as the dominant 
serotype, in Malaysia. Though DEN-2 
emerged as a major serotype in the late 
1960s until the early 1970s, it has since 
persisted in the country and has been 
responsible for the major outbreaks that 
occurred in late 1980s to early 1990s and 
the subsequent outbreak in late 1990s to 
early 2000s. It is not presently known, 
however, if a similar DEN-2 strain was 
responsible for these outbreaks and whether 
that the strain has also persisted in the 
population over the last three decades. In an 
effort to address these issues, we sequenced 
the E/NS1 gene junction of twelve DEN-2 
isolates from the two outbreaks and 
examined the phylogenetic relationships of 
these isolates against those of the earlier 
isolates.  

Materials and methods 
Three sets of DEN-2 isolates obtained from 
DF/DHF patients treated at the University of 
Malaya Medical Center (UMMC) during 
1989-1991, 1995-1996 and 1998-2000 
were used in the present study. The five 
isolates each from 1989-1991 (early 1990s) 
and 1998-2000 (late 1990s) were from the 
two outbreaks involving DEN-2, whereas the 
1995-1996 isolates represented the in-
between outbreak strains. The isolates were 

initially serotyped using specific monoclonal 
antibody and subsequently confirmed using 
multiplex RT-PCR(5) and DNA sequencing. 
The E/NS1 sequences were amplified using 
two pairs of oligonucleotide primers that 
amplify DEN-2 sequence from nucleotide 
positions 1777-2512 and 2422-3477. The 
amplification conditions, parameters and 
DNA sequencing were performed as 
previously described(6). Contigs and 
consensus sequences were assembled using 
Sequencher version 4.0.5 (Gene Codes 
Corporation, USA) and the nucleotide 
sequences generated after removing the 
extra nucleotides were used. Phylogenetic 
analyses were performed as previously 
described(6) with additional analysis using the 
maximum likelihood method as 
implemented in PHYLIP 3.6(7). The E/NS1 
junction sequence was used in the present 
study as unlike other genes, this gene region 
is not under the immune selection pressure; 
hence, is most suitable as a marker for long-
term evolutionary study(8). Furthermore, 
several studies, apart from our own (data not 
shown), have shown that phylogenetic trees 
constructed using this genome region are 
robust and correspond well with trees 
constructed using other genes such as E(9), 
NS1(10) and the full-length genome(11). 

Results 
A total of 63 DEN-2 E/NS1 sequences were 
used in the present study. These included 27 
sequences obtained from the GenBank 
which included a sylvatic DEN-2 isolate 
(PM33974), a representative DEN-2 
American genotype (Genotype I; Ven2), a 
representative DEN-2 Asian 1 genotype 
(K0010), a representative DEN-2 Asian 2 
genotype (Genotype II; NGC) and a 
representative DEN-2 Cosmopolitan 
genotype (Genotype IV; 975). The remaining 
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sequences were from the Malaysian isolates, 
which included 24 sequences obtained from 
Fong et al,(12) one sequence from the 
GenBank (LF5-99) and 12 sequences 
obtained from the present study (Table). A 
neighbour-joining (NJ) tree depicting the 
phylogenetic relationships of the isolates was 
obtained using DEN-2 sylvatic isolate 
(PM33974) as the outward group (Figure 1). 
The NJ-generated trees were very similar to 
that generated with the maximum-likelihood 
(ML) method, with minor branch swapping 
at the terminal nodes (data not shown). From 
the phylogenetic tree, it was noted that the 
Malaysian DEN-2 isolates were grouped into 
two different genotypes, Asian 1 and 
Cosmopolitan, with approximately 83.3% 
(30/36) of the isolates grouped into the 
Cosmopolitan genotype(13). The 
Cosmopolitan genotype included isolates 
from as early as 1968 to as recently as 2000. 
The Cosmopolitan genotype, DEN-2, also 
included two isolates from Sarawak (East 
Malaysia), KS30 and LF5-99 and three 
isolates from outside the Klang Valley. 

Isolates belonging to the Asian 1 genotype 
included those obtained in 1982, 1987, 
1988, 1991 and 1995. The average 
percentage of nucleotide divergence 
between the two DEN-2 genotypes, Asian 1 
and Cosmopolitan, was 7.1% (range 4% to 
11%) with the average percentage of 
nucleotide divergence within the 
Cosmopolitan and Asian 1 genotypes at 
3.5% (range 0% to 7%) and 2.8% (range 0% 
to 7%), respectively. Incidentally, the DEN-2 
Asian 1 genotype consisted mainly of isolates 
from Thailand and Myanmar, whereas the 
Cosmopolitan genotype included isolates 
from other parts of the world. Among the 12 
isolates sequenced in the present study, 11 
were of Cosmopolitan genotype, of which 
nine were from DHF patients and two were 
from DF patients (isolates MY91-99133 and 
MY00-21986). The relationships between 
genotypes and clinical manifestations, 
however, could not be ascertained as no 
additional information on the disease 
severity was available for most of the isolates. 

Table. DEN-2 isolates used in the study 

*Isolate Year of 
isolation 

Location of isolation Diagnosis GenBank 
accession no. 

MY89-83995 1989 Klang Valley DHF AJ556803 
MY89-88549 1989 Klang Valley DHF AJ556804 
MY91-94129 1991 Klang Valley DHF AJ556805 
MY91-95062 1991 Klang Valley DHF AJ556806 
MY91-99133 1991 Klang Valley DF AJ556807 
MY95-2303 1995 Klang Valley DF AJ556808 
MY96-5176 1996 Klang Valley DHF AJ556809 
MY98-15996 1998 Klang Valley DHF AJ556810 
MY98-17933 1998 Klang Valley DHF AJ556811 
MY99-19575 1999 Klang Valley DHF AJ556812 
MY99-19586 1999 Klang Valley DHF AJ556813 
MY00-21986 2000 Klang Valley DF AJ556814 

* Other DEN-2 E/NS1 sequences used in the present study are available from GenBank and Fong et al, 1998(12). 
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Figure 1. Phylogenetic tree of DEN-2 derived from E/NS1 sequence comparisons† 

 
                                                
† The tree was constructed using the neighbour-joining (NJ) method with DEN-2 sylvatic isolate, PM33974, as the 
outgroup. Significant bootstrap value is shown as percentages derived from 1,000 resamplings and the scale reflects 
the number of nucleotide substitution per site along the branches. The twelve newly-sequenced Malaysian DEN-2 
isolates are shown in boxes. The reference DEN-2 sequences used for the construction of the phylogenetic tree were 
obtained from the GenBank and Fong et al, 1998(12). Ch-China; Gn-Guinea; In-Indonesia; Mm-Myanmar; My-
Malaysia; NG-New Guinea; SL-Sri Lanka; Th-Thailand; Vz-Venezuela; ?-year of isolation not known. 
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Figure 2. Phylogenetic relationships amongst DEN-2 Cosmopolitan genotype 
isolated in Malaysia‡ 

 
                                                
‡ The phylogenetic tree was derived from E/NS1 sequence comparisons and constructed using the neighbour-joining 
(NJ) method. The tree is shown with DEN-2 sylvatic isolate, PM33974 as the outgroup. Significant bootstrap value is 
shown as percentages derived from 1,000 re samplings and the scale reflects the number of nucleotide substitution 
per site along the branches. 
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A phylogenetic tree drawn using only 
the Malaysian Cosmopolitan genotype 
isolates (Figure 2) showed that the isolates 
were grouped into at least two clades (Clade 
I and Clade II), with an average percentage 
of nucleotide divergence of 2.2% (range 1% 
to 3%). Clade I showed two clusterings (Ia & 
Ib) of the isolates with isolates from the late 
1960s (P7-845 and P9-573) and 1970s (P70-
104, P73-987, P75-559, P78-182, P78-612 
and V32491) grouped into cluster Ib. Within 
this cluster all the isolates from late 1970s 
(1976–1980) were grouped together away 
from the 1968-1969 isolates. The early-
1970s isolates (1970-1974) formed the outer 
group. The bootstrap values supporting these 
groupings, however, were low. The other 
cluster (Ia) within Clade I comprised isolates 
from 1980s (V48171 and V89821) and also 
1990s (TG2, V03857 and MY98-15996). 
Similar to Clade I, two main clusterings of 
isolates were also noted in Clade II (IIa & IIb) 
with the main cluster (IIb) comprising isolates 
from 1986–1996 (early 1990s) and the other 
cluster consisted of isolates mainly from 
1999 to 2000 (late 1990s). The separation of 
these two later clusters received a strong 
bootstrap support (>75%), suggesting that 
the two isolates were different. Hence, this 
supports the involvement of two different 
strains of DEN-2 Cosmopolitan genotype in 
the two major DEN-2 outbreaks in Malaysia. 
Comparisons of the representative consensus 
sequences of each cluster showed only four 
nucleotide differences at nucleotide 
positions 75, 85, 99 and 234 that 
differentiated the early- and late-1990s 
DEN-2 isolates. These substitutions, 
however, did not result in any amino acid 
changes. On the other hand, comparisons 
made between the representative consensus 

sequences of isolates from 1968-1969 with 
those of the early- and late-1990s isolates 
revealed nine and five nucleotide 
differences, respectively. The nine 
nucleotides substitution noted in the 
sequence of the early-1990s isolates 
occurred at positions 9, 15, 75, 85, 99, 183, 
186, 228 and 234 whereas the five 
nucleotides substitution for the late-1990s 
isolates occurred at positions 9, 15, 183, 186 
and 228. It was apparent from these results 
that isolates from the late 1990s shared 
higher-sequence similarities to the much 
older DEN-2 isolates than that of the early-
1990s isolates.  

Discussion 
The findings from the present study revealed 
the presence of at least two main DEN-2 
genotypes in Malaysia. The Cosmopolitan 
genotype(13), also known as genotype IV(8), is 
the dominant genotype comprising more 
than 80% of all DEN-2 isolates of Malaysia. 
This genotype includes two of the oldest 
DEN-2 isolates, P7-845 and P9-573, which 
were isolated in 1968 and 1969, 
respectively. The other minor genotype 
present in Malaysia belongs to the Asian 1 
genotype, also known as genotype II. This 
later genotype comprised mainly of isolates 
from Thailand and Myanmar; hence, raised 
the possibility that the Malaysian Asian 1 
isolates may not be native to Malaysia, but 
perhaps were associated with the Malaysia-
Thailand cross-border economic activities, as 
Malaysia shares it northern land border with 
southern Thailand. It is interesting to note 
that despite the long borders and vigorous 
cross-border economic activities and travels, 
the DEN-2 genotypes dominant in the two 
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countries are different. While the Asian 1 
genotype appeared localized mainly in 
Thailand, the Cosmopolitan isolates 
dominant in Malaysia have been isolated in 
as far as Burkina Faso in West Africa. The 
Cosmopolitan genotype has also been 
isolated in Singapore, India, Sri Lanka, 
Seychelles, Somalia, Uganda and Australia(13), 
all of which once used to be part of the 
British colonial empire. Whether the spread 
or the lack of it between the two genotypes 
was related to historical reasons involving 
movement of people between different 
countries and regions, Malaysia, unlike 
Thailand which has never been under the 
British rule, was a British colony until 1957 
or involved different mosquito vectors 
remains to be investigated. 

The phylogenetic analyses of the 
dominant Cosmopolitan/Malaysian genotype 
DEN-2 isolated in Malaysia over the last 
three decades did not suggest a clear 
evolution of the DEN-2 virus from a single 
common ancestral lineage. Instead, two 
clades with two sub-clusters each were 
noted with the 1968-1969 isolates belonging 
to Clade I, which, incidentally, has an isolate 
from 1983 as the apparent ancestor, and 
Clade II which appeared to have arisen from 
a 1973 isolate. While the bootstrap support 
for the tree branches was weak, there was a 
clear trend suggesting a clustering of the 
isolates by the year of isolation; with the bulk 
of the isolates from 1970s found in Clade I 
and the isolates mainly from the early 1990s 
and late 1990s well segregated in Clade II. 
Using the calculated estimate of the rate of 
nucleotide substitution for DEN-2 (7.19 X 
10-4 subs/site/year)(14), and with the 
assumption that the late-1960s isolates 
consensus sequence as the most recent 

common ancestor, it was noted that the 
isolates from the early 1990s had 
approximately three times more nucleotide 
substitutions (9 nucleotides) within this short 
sequence over 20 years when compared to 
the expected values of 3.4 nucleotides. This 
is in contrast to the isolates from the late 
1990s, which had only five nucleotide 
substitutions over 30 years, which is within 
the predicted substitution rate of 5.1 
nucleotides. From this simple estimate, it 
appeared that the sequence of isolates from 
the early 1990s underwent a much faster 
rate of nucleotide changes than expected. As 
the lineage of these isolates did not prevail a 
decade later, one wonders if this high rate of 
nucleotide changes within the E/NS1 
junction is mirrored also in other genes and 
hence affected the ability of the virus to 
replicate efficiently. Furthermore, the 
appearance in the late-1990s outbreak of 
isolates with higher sequence similarity to 
the late-1960s isolates also raised the 
possibility that the different DEN-2 strains 
noted over the last three decades in Malaysia 
may have evolved from the pre-existing 
DEN-2 gene pool. As intra- and inter-typic 
recombination amongst dengue viruses are 
more common than once thought(6,15), it will 
be interesting to monitor whether DEN-2 
genotype Asian 1 sequence will eventually 
end up in the Malaysian DEN-2 gene pool.  
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