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Abstract 
In the present study a quantitative comparison of amino acid sequence from envelope-nonstructural 
protein 1 gene junction region of 10 dengue virus type 2 (DEN-2) isolates from Delhi with 12 DEN-2 
isolates from diverse geographical areas and hosts provided sufficient information for estimating genetic 
relationships. The data indicated that the 1996  epidemic of DHF  in Delhi was caused by genotype IV 
strains of DEN-2. This genotype displaced genotype V strains of DEN-2, which was the circulating 
genotype in 1967. The period during which this displacement had occurred is not clear from the present 
study. Nonetheless, similar experience in four countries in Latin America and in Sri Lanka suggests that 
the introduction of new genotypes of DEN-2 displacing the circulating genotype may be associated with 
the appearance of DHF/DSS. More work is required to elucidate this hypothesis. However, no 
segregation of virus strains was observed in terms of the severity of the clinical presentation of dengue 
virus infections (DF/DHF/DSS). The data presented in this study suggest the utility of phylogenetic 
analysis of the amino acid sequence of E-NS1 junction region for molecular epidemiology of dengue 
viruses. 
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Introduction 
A widespread outbreak of dengue 
fever/dengue haemorrhagic fever (DF/DHF) 
swept across four states of north-western 

India: Punjab, Haryana, Delhi and Rajasthan 
during August-November 1996(1,2). In Delhi 
alone more than 10,000 patients were 
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admitted in various hospitals and 423 died. 
The causative agent was identified as dengue 
virus type 2 (DEN-2)(3). This was the first 
major epidemic of DHF in Delhi due to 
DEN-2, although frequent outbreaks of DF 
had been reported since 1967(4). 

DHF has been postulated to result from 
immune enhancement after a second 
heterologous dengue (DEN) infection(5). 
However, reports of primary infections 
resulting in DHF suggest that differences in 
the virulence of DEN strains may also be 
involved(6). Further, molecular 
characterization of DEN isolates has 
suggested the existence of intra-serotypic 
genetic variants (genotypes)(7-11). Movement 
of these genotypes between different 
geographical areas is an important element 
in the epidemiology of the disease. It has 
been postulated that the introduction of new 
genotypes of existing serotype into areas 
where dengue activity is troublesome could 
be associated with the severe form of the 
disease(10). 

In this report, we analysed the 
predicted amino acid sequence of the 
envelope-nonstructural protein 1 (E-NS1) 
region of nine DEN-2 isolates from the Delhi 
epidemic of 1996 and one isolate from the 
Delhi epidemic of 1967 and compared the 
data with other published sequences of DEN-
2 isolated from other parts of the world.  

Materials and methods 
The nucleotide sequence of E-NS region 
(2050-2442) of all the ten viruses from Delhi 
have been published(11) and deposited with  

the Genbank (Table 1). The predicted amino 
acid sequence was obtained by the DNASIS 
programme (Hitachi Software Engineering, 
Yokahama, Japan). The sequences were 
aligned manually. The phylogenetic analysis 
including estimation of distances by p-
distance method, bootstrapping and 
generation of a neighbour-joining tree were 
performed with the Molecular Evolutionary 
Genetics Analysis package (MEGA)(12). Amino 
acid sequences were compared with those 
of DEN-2 strains from different geographical 
areas that have been previously published 
and downloaded from Genbank (Table 2). 

Results  
The predicted amino acid (aa) sequence 
from aa position 372 to 502 of the E-NS1 
region of all the viruses listed in Tables 1 and 
2 are shown in Figure 1. The sequences 
were aligned to DEN-2 prototype strain, 
New Guinea C (D2-NG). An analysis of the 
sequence data shows a divergence of 0% to 
3% (mean 1%) among the 1996 Delhi 
epidemic strains. Five isolates, 838, 841, 
979, 980 and 1432, had identical amino 
acid sequences whereas isolates 1029, 1430, 
1436 and 1451 showed a scattered 
substitution of amino acids. However, there 
appears to be no particular region of 
hypervariability. These isolates were taken 
from the patients who were infected in the 
beginning, the peak and toward the end of 
the epidemic and were suffering from 
DF/DHF (Table 1). No significant difference 
was observed at the amino acid sequence 
level to correlate with the severity of the 
disease in these patients.  
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Table 1. Dengue-2 virus isolates Delhi epidemics 
of 1996 and 1967  

Virus 
Isolate 
ID# 

Date of 
receipt of 
sample 

Age 
(Yrs) 
/ Sex 

Diag-
nosis 

Genbank 
Accession 

# 
838 16/09/96 7/F DF AF 047403 
841 15/09/96 7/M DHF AF 047404 
979 26/09/96 16/F DF AF 047405 
980 26/09/96 16/F DF AF 047406 
1026 30/09/96 9/M DHF AF 047407 
1430 30/09/96 18/M DHF AF 135599 
1432 24/10/96 20/F DHF AF 047408 
1436 24/10/96 20/F DF AF 047409 
1451 31/10/96 58/M DHF AF 134980 

1967 Not 
known -  DF AF 047410 

Table 2. Global Dengue-2 viruses used for amino 
acid sequence analysis 

Virus 
Isolate 
ID# 

Code 
Genbank 
Accession 

No. 
Country Year 

NGC 
(Proto-
type) 

D2-NG AF 038403 New 
Guinea 1944 

P7-863 P7-863 U 89517 Malaysia - 
ThNH-
P36/93 ThNH36 AF 0022441 Thailand 1993 

ThNH-
P14/93 ThNH16 AF 0022440 Thailand 1993 

ThNH-
P14/93 ThNH14 AF 0022439 Thailand 1993 

ARAC-
8110827 D2-JAM M 15075 Jamaica 1982 

Cook 
Island-1 

COOK-
IS AF 004020 Cook 

Islands 1997 

P7-843 P7-843 U 89518 Malaysia -  

S-9730 SEY-
8730 M 32952 Seychelles 1977 

S-10 10-
SOMAL L 10051 Somalia 1984 

Torres 
Straits-1 TORRES AF 004019 Torres 

Straits 1996 

P9-122 P9-122 L 10043 India 1957 
 

When these strains were compared 
with other DEN-2 isolates, it was observed 
that the 1996 Delhi epidemic strains 
resembled strain 8730 from Seychelles, 
which was isolated from a patient with DHF 
in 1977 and differed from all other strains 
analysed in having serine substituting for 
asparagine at amino acid position 390 of the 
envelope region (Fig 1).  Nonetheless, all the 
1996 Delhi epidemic strains had asparagine 
in place of serine at position 502 of the NS1 
gene region. 

A further comparison of alignable 
amino acid fragments by using neighbour–
joining analysis-generated phylogenetic trees 
(Fig. 2) suggests that DEN-2 strains may be 
dividied into five genotypes with little 
relationship between their positions in 
dendrogram and the date of virus isolation. 
Genotype I is represented by the prototype 
strain D2-NG; Genotype II includes 1993 
isolates from Thailand; Genotype III 
constitutes the Jamaican strain of 1981 (D2-
Jam) and a Malaysian strain P7-863 from an 
infected Aedes aegypti; Genotype IV 
includes all the strains from the 1996 Delhi 
epidemic, Seychelles, Somalia, Cook Islands, 
Torres Strait, and Malaysian strain P7-843 
from infected mosquito; Genotype V 
includes the older Indian DEN-2 strains from 
the 1957 and 1967 epidemics. The genetic 
relationships were independent of the type 
of the distance estimation programme and 
the phylogenetic analysis algorithms used 
(UPGMA; data not shown). 
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Figure 1. Predicted* amino acid sequence alignment of envelope protein gene and nonstructural 
protein 1 gene junction (E-NS1) region of 10 dengue 2 (DEN-2) isolates from Delhi with the 

prototype DEN-2 strain, New Guinea C (D2-NG, genotype I). Corresponding nucleotide sequences 
have been deposited with the Genbank (see table 1 for accession #). 

 
 
*Predicted amino acid sequences of selected global DEN-2 strains (see table 2 for details), obtained from Genbank, were included 
for comparison. Dashes (-) indicate identities and dots indicate information not available. Amino acid positions are numbered 
according to Hahn et al (30) with prototype DEN-2 strain NGC as reference. Single letter amino acid abbreviations: a, alanine; c, 
cysteine; d, aspartic acid; e, glutamic acid; f, phenylalanine; g, glycine; h, histidine; i, isoleucine; k, lycine; l, leucine; m, 
methionine; p, proline; q, glutamine; r, arginine; s, serine; t, threonine; v, valine; w, tryptophane; y, tyrosine. 
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Discussion  
The dengue virus infection is an important 
emerging infection. The incidence of 
DF/DHF is increasing worldwide and is 
appearing in areas where it was previously 
unreported. Though DF has been frequently 
reported from Delhi since its first 
appearance in 1967, no major outbreak of 
DHF had ever been reported until 1996. 
Natural field isolates from the 1996 Delhi 
DHF epidemic have allowed us to 
determine their evolutionary origin. 

In the present study, the predicted 
amino acid sequence data of E-NS1 region 
of DEN-2 isolates were phylogenetically 
analysed. The tree thus generated (Fig. 2) 
revealed that DEN-2 strains isolated from 
India in 1957 and 1967 probably 
represented the circulating genotype during 
that period (Genotype V) and apparently 

had been evolving independently. In 1996, 
these strains seem to have been replaced by 
DEN-2 strains which were quite similar to 
the strains isolated from Seychelles in 1977 
(strain 8730). These strains belonged to the 
same genotype (Genotype IV). 

It has been recently suggested that the 
introduction of an imported strain (new 
genotype) into an area of high dengue 
activity replacing an earlier circulating strain 
(genotype) may result in a severe form of 
DEN infection(10). On the basis of the analysis 
of nucleotide sequence data, Rico-Hesse 
and her colleagues(13) observed that the 
South-East Asian DEN-2 strains of two 
different genotypes were responsible for 
DHF cases in the Americas, displacing the 
native American DEN-2 strains which had 
been circulating earlier in that part of the 
world. Similarly, in Sri Lanka the 
introduction of Genotype IV strains in early 

Figure 2. Phylogenetic analysis*of predicted amino acid sequences of envelope gene-nonstructural 
protein 1 gene junction region (E-NS1) of 10 DEN-2 isolates from DF/DHF epidemics in Delhi 

 
*The analysis is based on 131 alignable positions in the E-NS1 region. Sequences of DEN-2 isolates from other parts of the world 
(obtained from Genbank) were added for comparison (see table-2).  The numbers at the branch points indicate the percentage 
bootstrap values in 500 bootstrap replications. Genotypes of DEN-2 viruses are indicated in Roman numerical I to V. 
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1980s replacing Genotype I strains which 
had been maintained there for 24 years 
resulted in DHF epidemic(8). Also, DEN-2 
isolates from the 1981 Cuban epidemic of 
DHF, which were found to be similar to the 
contemporaneous Jamaican isolates 
circulating in the Caribbean Islands during 
that period, replaced the earlier DEN-1 
strains in Cuba(7, 15). 

The cause(s) of the more severe form of 
dengue infection is (are) not fully 
understood, though it has been postulated 
that DHF may result from immune 
enhancement caused by infection by a 
second DEN serotype(5).  Halstead(16) also 
proposed that there are biotypes of DEN 
that cause DHF at a high rate when they 
infect permissive hosts. Similarly, Rosen(6) 
suggested that more severe forms of the 
disease may be associated with specific 
strains which may vary in virulence. 
However, a direct association between 
specific genotypes and severity of the 
disease has not been established. 
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