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Abstract

Background: The error-prone replication of dengue virus (DENV) in host results in the highly diverse viral population.
Together with the host factor, intra-host diversity may influence the disease severity. Therefore, it is worth investigating
whether there is a correlation between intra-host genetic diversity and disease severity.

Objective: To investigate the genetic diversity in DENV for four serotypes of the dengue population from patients with
dengue fever (DF) and dengue hemorrhagic fever (DHF) using next-generation sequencing (NGS) technology.

Methods: Forty RNA samples categorized into eight groups by severity and serotypes were sequenced and analyzed for
genetic variation. Analysis on the hot-cold genomic regions, selection pressure and correlation between genotype and
disease severity were performed in this study.

Results: Comparison between the NGS data of the DF and DHF specimens showed conservation between their major
populations with the consensus sequences for DF and DHF sharing 99% similarity. However, the minor populations in
DF and DHF were more diverse. Many genes in DF had an #NS/#S ratio higher than in DHE. Only NS4B of DENV1
DF has #NS/#S ratio higher than one. Hot regions of the DF were detected in NS3 of DENV1, DENV2 and Envelope
of DENV3, whereas the hot regions of the DHF samples were detected in the small region in 3’UTR of DENV2 and
DENV3.

Conclusions: Various explorations of the variations of DF and DHF were performed in this study. However, we have
not yet found any specific characteristics of intra-host diversity associated with disease severity.
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Abbreviations:
DF Dengue fever

DHF Dengue hemorrhagic fever

DENV  Dengue virus

DENVI1 Dengue virus serotype 1

DENV2  Dengue virus serotype 2

DENV3  Dengue virus serotype 3

DENV4  Dengue virus serotype 4

SNV Single nucleotide variation

3UTR 3’ Untranslated region

C Capsid

prM Pre-membrane

E Envelope

NS1 Non-structural 1

NS2A Non-structural 2A

NS2B Non-structural 2B

NS3 Non-structural 3

NS4A Non-structural 4A

NS4B Non-structural 4B

NS5 Non-structural 5

5UTR  5Untranslated region
Introduction

Dengue virus is an RNA virus that requires

RNA-dependent RNA polymerase (RdRp) for replication.
Since the enzyme has an inefficient proofreading activity
during copying, the mutation rate of viral RdRp during
one round of RNA replication is approximately 10~ to 10°
substitutions per nucleotide.! Therefore, each round of
viral replication can introduce more variations in the
viral genome, thus increasing genetic diversity in the virus
population. Consequently, a highly diverse population of
related viral genotypes will exist within a single host after
multiple rounds of replications. This phenomenon is called
“viral quasispecies”>?

The factors involved in the disease severity of dengue
virus infection are not completely understood, but are
believed to arise from both the host and pathogen.* Host
factors, such as cytokine storm® and antibody-dependent
enhancement,"” were usually used to explain pathogenesis
in DHE There is evidence suggesting that the health status
and variations in the host affect the severity of the disease.®**
Virus factors are also important for disease severity. For
example, the American genotype of DENV2 is less virulent
than its Southeast Asian counterpart.'-'?

Another possible virus factor for disease severity is the
intra-host diversity of the DENV population. The variations
in intra-host virus population can also be derived from
selective pressure from the environment, such as the host
immune system.'!* Taken together, intra-host diversity may
influence the virulence and emerging capability of disease.
The correlation between intra-host genetic diversity and
disease severity is thus worth investigating.

In this study, quasispecies of dengue virus were
studied in Thai dengue patients between 2006 and 2009.
Four serotypes of dengue virus were extracted from the
plasma of DF and DHF patients. The whole dengue viral
genome was sequenced by 454 pyrosequencing technology.
The population diversity of the dengue virus from the DF
and DHF patients was compared and contrasted to investigate
the relationship between the genome and the virulence.

Methods
Sample collection and classification

Dengue RNA specimens were obtained from plasma
samples collected at two clinical cohort study sites for
pediatric dengue infection located at Khon Kaen and
Songkhla hospitals in Thailand. In the cohort study, a
serotype of dengue virus in every specimen was identified
by nested PCR.” In addition, the disease severity of every
patient was classified as either dengue fever (DF) or dengue
hemorrhagic fever (DHF) according to the World Health
Organization (WHO) 1997 guideline.' To select appropriate
specimens from the cohort study, five DF specimens and
five DHF specimens were chosen from each serotype.
In each serotype group, all the specimens were collected
during the same outbreak season (table 1). In total, the
specimens from 40 patients were used in this study.

Table 1. Details of sequenced dengue samples.

Type of infection | Secondary | Secondary | Secondary | Secondary
Pool sequencing
DF Pool (n) 5 5 5 5
DHEF Pool (n) 5 5 5 5
DHF grade
11 (n) 4 5 2 4
DHF grade
0 () 1 0 3 1
Day of -2and -3 -1 i il
defervescence
Aug 2008
Outbreak season 2006 2007 to Jul 2009 2006
Site KK SK SK KK

Abbreviations: KK, Khon Kaen Hospital; SK, Songkhla Hospital

Template preparation

The plasma samples were derived from blood samples
collected from clinical cohort mentioned above. The samples
were EDTA-treated, aliquoted to microcentrifuge tubes and
stored in the -70°C deep freezer until use. Dengue RNA was
extracted from the plasma samples by the QIAamp Viral RNA
Mini Kit (QIAGEN Inc.), and the concentration and purity
of the extracted RNA were determined with a NanoDrop
1000 Spectrophotometer. The 40 RNA samples were grouped
by disease severity and virus serotype into eight subgroups.
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In each subgroup, the RNA samples were then pooled
in equal volume and used for preparing dengue DNA
template. Two overlapping fragments of dengue virus
genome were amplified to cover the whole genome.”” Finally,
eight pooled samples were obtained, consisting of dengue
serotype 1 from DF (DENVIDF) and DHF (DENVI1DHF)
patients, dengue serotype 2 from DF (DENV2DF) and
DHF (DENV2DHF) patients, dengue serotype 3 from DF
(DENV3DF) and DHF (DENV3DHF) patients, dengue
serotype 4 from DF (DENV4DF) and DHF (DENV4DHF)
patients, for sequencing.

Massively parallel sequencing

The dengue genome in each sample pool was sequenced
by 454 pyrosequencing technology (GS FLX sequencing
system, Roche Applied Science). Library preparation, clonal
amplification, and sequencing were performed according
to the manufacturer’s protocols for whole genome shotgun
sequencing.

Data QC and variant calling

Sequence reads were processed to trim low-quality
bases and remove primers using PRINSEQ (version 0.20.4)"*
and Trimmomatic (version 0.38)," respectively (figure 1A).

A.

Data QC

PRINSEQ version 0.20.4 BWA-MEM version 0.7.17

Align cleaned data to reference geneome:
Dengue virus serotype 1 (Accession No.

1. Trim low quality bases (mean quality
score of 3-bp sliding window < 25) -

2.Remove reads containing average quali-
ty score < 20

3.Remove reads containing ambiguous
bases “N”

4.Remove low-complexity sequences

5.Remove duplicate reads

KM204119.1)

Us7411.1)

M93130.1)

AY947539.1)

B. Consensus sequence construction .

Dengue virus serotype 2 (Accession No.
Dengue virus serotype 3 (Accession No.

Dengue virus serotype 4 (Accession No.
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Then cleaned reads longer than 40 bases were re-corrected
homopolymer errors produced by the sequencing platform
using Pollux (version 1.0.2)* (figure 1A). The cleaned data
were aligned to the reference sequences of dengue prototype
strains using BWA-MEM algorithm (version 0.7.17),* then
constructed the consensus sequence using BCFTools version
2.27.1% (figure 1B). The Genome Analysis Toolkit (version
4.1.1.0)* was then used for recalibration of the base quality
scores. Finally, SNVs calling was performed using LoFreq
(version 2.1.3.1)* (figure 1C). SNVs with an allele frequency
> 1% were selected for the hot and cold region detection and
#NS/#S analysis.

Consensus sequence analysis

The consensus sequence represents the main dengue virus
population. The consensus sequences were aligned against the
non-redundant nucleotide database by web-based BLASTn
to find the most similar DENV group reported in Genbank.
Then, the consensus sequences from different severities, i.e.,
DF and DHE of each serotype were aligned against each
other using the BL2SEQ program. The second analysis aimed
to compare and contrast between the major virus populations
in DF and DHF patients at the same cohort site within the
same outbreak season.

Base quality score recalibration
and variant calling

BWA-MEM version 0.7.17

Aligned cleaned data to consensus
sequence

aligned_consensus.bam

l Reads.fastq

Trimmomatic version 0.38

1.Remove primer regions
2.Remove reads shorter than 40 bp

l aligned.bam

LoFreq version 2.1.3.1

Call variants and select major variants with
allele frequency > 50%

Genome Analysis Toolkit version 4.1.1.0

Recalibrated base quality scores issued by
the sequencer

l Reads.fastq

Pollux version 1.0.2

major_variants.vcf

BCFTools version 2.27.1

recalibrated-alignment.bam

LoFreq version 2.1.3.1

Correct error introduced by sequencing
platform

Construct consensus sequence using refer-
ence genome and major variants

Variants calling

\ 4 \4

\

clean_data.fastq

consensus_sequence.fasta

final_variants.vcf

Figure 1. The data QC and variant calling workflow.

(A) Raw sequencing data were cleaned from low quality bases and primer regions using PRINSEQ and Trimmomatic, and
homopolymer errors were corrected using and Pollux programs. (B) The cleaned sequencing data were used for assembling the
consensus sequence. (C) Cleaned data were aligned to the consensus sequence, and then the base quality scores were recalibrated
using BWA-MEM and GATK. Finally, the SNVs were called using LoFreq program.
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Detection of the hot and cold regions on the DENV genome

Hot regions are parts of the genome containing more
SNVs than other parts of the genome. Conversely, cold
regions are parts of the genome that are relatively more
conserved than the other regions of the genome. To identify
the hot and cold regions, we followed the method reported
by Wilm et al.** Briefly, the dengue genome was sliced into
small windows for the SNV counting. The windows were then
slided with five nucleotides overlapping until covering the
whole genome. The window size for counting the SNVs
for hot region identification was 20 bases. For cold region
identification, the dengue genome was scanned with a
minimum size of window of 40 bases. A binomial test
followed by Bonferroni correction at a p-value < 0.05 was
used to examine the excess or depleted SNVs in the window
compared to the whole genome in the hot and cold region
detection, respectively.

#NS/#S analysis

For investigating the positive selection pressure on the
dengue genome resulting in diverse minor populations,
the ratio of the number of non-synonymous to the number
of synonymous mutations (#NS/#S) was calculated for
each gene.” The #NS/#S ratio of each gene was compared
between DF and DHF to investigate the selection pressure of
the different severities.

Results

The forty samples of each serotype were chosen from the
same outbreak season. However, the samples of serotype 3
were selected from two consecutive outbreak seasons from
August 2008 to July 2009 because the number of DENV3
patients enrolled were very limited during the time of this
study. The samples from DF and DHF (grade II and III)

patients were used. The DF and DHF samples of serotypes 2,
3, and 4 were selected from 1 day prior to defervescence. The
samples of serotype 1 were selected from 2 to 3 days prior to
defervescence. Details of the selected samples are shown in
table 1.

Consensus sequence comparison

Consensus sequences from the DF and DHF data of each
serotype were matched best with the same DENV isolate in
the nt database. The best match of the consensus sequences
from the DF and DHF data of dengue serotypes 1, 2, 3,
and 4 were DENV1 strain ThD1 _0102_01, DENV2 strain
ThD2 0078 01, DENV3 isolate CNR 15418, and DENV4
strain ThD4_0485_01, respectively. When comparing the
consensus sequences between DF and DHF within the same
serotype, the nucleotide sequences were almost identical
(99%), implying that the major DENV populations in the DF
and DHF samples were highly similar. In addition, all of the
positions of the consensus sequences differing between the
DF and DHF samples still had shared a set of SNVs. In other
words, minor SNVs in the DF samples may be major SNVs
in the DHF samples and vice versa. Details of the comparison
are shown in supplement data.

The consensus nucleotide sequences were translated to
amino acid sequences by the ExPASy translate tool.” The
comparison between the amino acid sequences of DF and
those of DHF showed different amino acid positions on the
genome. The comparison showed thirteen, nine, five, and
six different positions in DENV1, DENV2, DENV3, and
DENV4, respectively (table 2). There were ten positions
in DENV1, DENV2, and DENV3 where the DF and DHF
samples had different amino acids along with different
chemical groups (R groups) as shown in table 2. However, the
effect of these SNVs to the fitness of the dengue virus is still
unknown and needs to be explored further.

Table 2. Chemical groups of the different amino acids detected from the consensus amino acid sequence comparison

between DF and DHF.

Position on

DENV1 R Positively charged
S N Polar, uncharged
I IL Hydrophobic
A T Hydrophobic
Y H Hydrophobic
A \4 Hydrophobic
K R Positively charged
P S Nonpolar, aliphatic
I \% Nonpolar, aliphatic
T 1 Polar, uncharged
M \% Nonpolar, aliphatic
K R Positively charged
G S Nonpolar, aliphatic

gene
Nonpolar, aliphatic Capsid 76*
Polar, uncharged Capsid 90
Hydrophobic Capsid 106
Polar, uncharged NS1 98*
Positively charged NS1 111%
Hydrophobic NS1 213
Positively charged NS2A 29
Polar, uncharged NS2A 142*
Nonpolar, aliphatic NS2A 155
Nonpolar, aliphatic NS3 7*
Nonpolar, aliphatic NS3 323
Positively charged NS3 562
Polar, uncharged NS5 746
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Table 2. (Continued)

Position on

gene

DENV2 \% I Nonpolar, aliphatic Nonpolar, aliphatic Capsid 72
R Positively charged Positively charged PrM 57

I M Nonpolar, aliphatic Nonpolar, aliphatic NS2A 48

M A% Nonpolar, aliphatic Nonpolar, aliphatic NS4B 152

A \% Nonpolar, aliphatic Nonpolar, aliphatic NS4B 181

M Nonpolar, aliphatic Nonpolar, aliphatic NS5 20

K Q Positively charged Polar, uncharged NS5 469*

T I Polar, uncharged Nonpolar, aliphatic NS5 554*

Y H Aromatics Positively charged NS5 556*

DENV3 T I Polar, uncharged Nonpolar, aliphatic Envelope 82*
\% I Nonpolar, aliphatic Nonpolar, aliphatic NS2A 61

S P Polar, uncharged Nonpolar, aliphatic NS3 107*

S T Polar, uncharged Polar, uncharged NS5 231

v A Nonpolar, aliphatic Nonpolar, aliphatic NS5 267

DENV4 B D Negatively charged Negatively charged NS1 92
S N Polar, uncharged Polar, uncharged NS2B 93

K R Positively charged Positively charged NS3 538

K R Positively charged Positively charged NS5 74

I \% Nonpolar, aliphatic Nonpolar, aliphatic NS5 373

S C Polar, uncharged Polar, uncharged NS5 651

*Different chemical groups (R groups)

Diversity comparisons between DF and DHF

The number of SNVs with allele frequency > 1% of each
serotype consisted of DENV1 (DF 77 SNVs, DHF 247 SNVs),
DENV2 (DF 142 SNVs, DHF 134 SNVs), DENV3 (DF 87
SNVs, DHF 25 SNVs), and DENV4 (DF 85 SNVs, DHF 132
SNVs). The number of synonymous SNVs was higher than
the number of nonsynonymous SNVs in the samples for all
four serotypes. The SNVs that changed amino acid to stop
codon were detected in DENV1 DHF and DENV4 DE. The
SNVs consisted of L171* NS1 and S205* NS1 of DENV1 DHF
and DENV4 DF, respectively.

Selection pressure investigation of DF and DHF

The #NS/#S ratio of each gene was calculated from the
number of nonsynonymous and synonymous SNVs (table 3).
There was no common pattern for #NS/#S among all four
serotypes. An #NS/#S ratio equal to one was detected in
many genes, such as capsid, envelope, NS2B, and NS4B of
DENV1 DFE DENV2 DE and DENV4 DF (figure 2). In
DENV3, both DF and DHF had low #NS/#S ratios. Especially
for DHE, only the #NS/#S of NS5 could be calculated, while
the other genes did not have nonsynonymous SNVs. All four
serotypes had the same trend of a higher #NS/#S level in the
DF than in the DHF sample. However, only NS4B of DENV1
DF has #NS/#S ratio higher than one. The #NS/#S values are
shown in figure 2.

Table 3. Number of nonsynonymous or synonymous SNVs detected in each gene.

Sample ‘ NS|S ‘ C ‘ prM ‘
DENV1 DF NS 3 0 7
S 3 0 7
DENV1 DHF NS 3 1 5
S 7 2 22

‘ NS1 ‘ NS2A ‘ NS2B ‘ NS3 ‘ NS4A ‘ NS4B ‘ NS5

2 0 9 0 2 3
3 0 21 0 1 6
4 0 11 2 2 12
13 5 50 7 12 54
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Table 3. (Continued)

‘ NS1 ‘ NS2A ‘ NS2B ‘ NS3 ‘ NS4A ‘ NS4B ‘

DENV2 DF NS 3 2 1 1 1 1 11 0 2 7
S 3 5 14 6 6 1 24 6 6 31
DENV2 DHF NS 3 2 1 1 1 0 3 0 1 7
S 4 5 16 3 8 1 16 6 10 33
DENV3 DF NS 0 0 4 0 1 0 1 0 0 2
N 2 6 24 4 4 1 9 4 7 13
DENV3 DHF NS 0 0 0 0 0 0 0 0 0 1
N 1 2 7 1 2 1 2 0 2 4
DENV4 DF NS 1 0 1 2 0 1 2 1 1 2
S 1 3 16 12 7 5 7 5 1 16
DENV4 DHF NS 1 1 2 2 1 0 2 1 1 4
N 0 7 21 14 7 5 13 6 8 32

Abbreviations: NS, Nonsynonymous; S, Synonymous
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2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60

0.40
o L
0.00
C prmMm E NS1 NS2A NS2B NS3 NS4A NS4B NS5
M DV1DF 1.000 0.000 1.000 0.000 0.667 0.000 0.429 0.000 2.000 0.500

#NS/#S

W DV1DHF 0.429 0.500 0.227 0.000 0.308 0.000 0.220 0.286 0.167 0.222

DENV2
2.00
1.80
1.60
1.40
wn 1.20
#*
wvi 1.00
=2
* 0.80
0.60
oz L
029 . ‘ l-
000 — = ||
C prMm E NS1 NS2A NS2B NS3 NS4A NS4B NS5
M DV2DF 1.000 0.400 0.071 0.167 0.167 1.000 0.458 0.000 0.333 0.226

W DV2DHF 0.750 0.400 0.063 0.333 0.125 0.000 0.188 0.000 0.100 0.212

Figure 2. #NS#S ratios of all the genes on the dengue genome. The x-axis is the gene name and the y-axis is the #NS/#S ratio.
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Figure 2. (Continued)
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Figure 3. Hot and cold regions on the dengue genome.

Each gene was plotted as a rectangle with a width corresponding to the length of the gene. Rectangles below the genes are the
hot and cold regions of DF and DHE, respectively. The red color is the hot region and the blue color is the cold region. The SNV
distribution of each disease severity are also plotted above the genes. The green triangles represent the SNVs of DF and the red
circles represent the SNVs of DHE. The y-axis indicates the percent allele frequency of the SNVs.
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Hot and cold region analysis

Hot and cold regions were investigated throughout the
whole dengue genomes (figure 3). For the DHF samples,
hot regions could be identified in 3'UTR of DENV2 and
DENV3, whereas cold regions could not be found in any of
the serotypes. The cold region can be detected only in the
prM - envelope and NS5 of DENV1 DE. The hot regions in
DF samples were detected in NS3 of DENV1 and DENV2,
and envelope of DENV3. Hot and cold regions could not be
detected in the DENV4 genome.

Discussion
The quality of NGS data

NGS has a higher error rate than Sanger sequencing.
Thus, using data without cleaning may incorrectly identify
SNVs from error reads. Many processes for data QC were
performed before the variant calling and other analyses. Due
to the error generated by the 454 pyrosequencing machine,
especially for the homopolymer region, an error correction
step was performed to reduce system errors using the Pollux
program.*

SNV detection

In this study, the number of detected SNVs did not show
any trend between the number of SNVs and the severity.
However, since the levels of viral load between the DF and
DHF samples were not equalized prior to sequencing, the
viral load levels could be the factor that may affect the
number of SNVs. A higher viral load and more prolonged
virus titer were detected in the DHF patients than in the
DF patients.*®* A higher viral load was suspected to be
correlated with a higher risk of bias toward recovering and
enriching the minor SNVs.? Therefore, a similar amount
of viral titer in both samples may need to be considered in
order to compare variations of dengue in DF and DHE
Unfortunately, this study did not control for the viral titer
between the DF and DHF samples. Hence, the consensus
sequences of DF and DHF were mainly used to compare the
nucleotide and amino acid variations to avoid the effect from
viral titer that may occur. Moreover, sequencing each sample
individually might provide more details of viral diversity.

Six SNVs positions detected in this study, consisting
of DENV1 DF and DHF D437N NS3; DENV3 DF S124P,
H132Y, V169I/A, 13801 Envelope; DENV3 DHF 13801
Envelope; and DENV4 DHF T329T Envelope, were reported
by Durdes-Carvalho et al. in 2019. Interestingly, the
major and minor alleles of the variants reported by
Duraes-Carvalho et al. were the opposite from our detected
SNVs, especially for the SNVs from the DF samples. The
reported variations, consisting of DENV1 D437E NS3;
DENV3 P124S/L/F/K, Y132H, T169V/A/H, 1380T/V
Envelope; and DENV4 A329T Envelope, were reported to
be affected by Darwinian selection and may be associated to
the virulence and pathogenesis of DENV.*® However, there
have been no reports on DENV virulence according to these
variants. Therefore, further laboratory experiments are need
to examine this.*

There are mutations that change amino acid to stop
codon detected at the amino acid positions L171* NS1 and
S205* NS1 of DENV1 DHF and DENV4 DF, respectively. The
stop codon in the envelope gene of DENV1, which indicates
a defective virus due to the quasispecies of dengue virus, has
already been reported.’’ However, there are no reports of stop
codons detected in the NS1 gene.

Selection pressure

NS4B gene of DENV1 DF has #NS/#S ratio higher than
one. This gene may evolve under positive selection, whereby
they are affected by selection pressure of the host immune.
This gene has been previously reported to have a #NS/#S ratio
> 1 in samples from dengue patients.”® In this study, ratios of
#NS/#S were small in all DHF samples. In addition, #NS/#S
ratios could not be calculated in some genes due to the lack
of synonymous change. Overall, few SNVs were found in this
study (table 3). Pooling several samples into a sequencing
reaction might result in a loss of sample specific SNVs
due to a reduced frequency respected to a pool sample and
a limited sequencing throughput. Thus, sequencing each
sample individually might increase SNVs detection and
improve #NS/#S ratio results.

Consensus comparison

The comparison between the consensus nucleotide
sequences of DF and DHF showed a high similarity with
99% similarity. These data showed that the major populations
of DF and DHF were mostly conserved. All the different
positions between the consensus for DF and DHF contained
the shared variations. This may imply that even though the
majority are different, DF and DHF still contained the same
group of dengue population, but in different ratios.

However, small differences in the consensus nucleotide
sequences between the DF and DHF samples resulted in
some non-synonymous changes. These positions may be
linked to the severity. However, since there is no report
supporting this yet in the literature, further experiments
need to be performed to examine their function. However,
the minor DENV populations in DF and DHF patients were
apparently different.

Rodriguez-Roche et al. found that a minor DENV
population found in patients at the beginning of epidemic
season had become a predominant population found in
patients by the end of the season.” The minor population
could influence the drug resistance in HIV.** Therefore, the
minor population plays a critical role in the evolution of
quasispecies as the virus adapts to changes in the selective
pressure. However, in this study, it is still unclear whether
the difference in minor DENV populations of DF and DHF
resulted in the difference in disease severity.

Hot and cold regions on the dengue genome

Hot and cold regions were identified throughout the
whole dengue genome. Sim et al. reported hot spots of a
mosquito-derived dengue serotype 2 population on NS2B,
NS3, and 3UTR.” In this study, we also detected hot
spots on NS3 of DENV2 DF and 3’UTR of DENV2 DHE
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but in different positions. Only the DF sample of dengue
serotype 1 contained a long range of cold spots, which
represented the conserved region. This cold region
overlapped with the cold spot in DENV2 reported by Sim
et al.® Hot and cold regions could not be detected in
DENV4 samples. The SNVs of DENV4 were dispersed
through the whole genome.

Dengue diversity studies using NGS with clinical samples

A few studies had applied NGS with dengue clinical
samples to investigate virus diversity and its association with
disease severity. Parameswaran et al. compared variations
of dengue virus extracted from PBMC and from plasma
of 77 DENV3 infected patients. The study found variants
consisting of G100S (prM), MIOIL (prM), and H513L
(envelope) which appeared to be immune escape variants.'*
In our study, we also detected the hotspot region at
envelope of DENV3DF sample and found a nonsynonymous
variant, V169I/A in this hotspot. Rodriguez-Roche et al
studied the role of dengue virus diversity in increasing
the disease severity during dengue epidemics of DENV1
followed by DENV3 (DENV1/DENV3). The viral population
change occurred during the course of epidemic which
could affect viral fitness. The higher genetic variability was
observed in the secondary infection cases. Therefore, the
evolution of viral populations due to selective pressure of
heterotypic antibodies could be related to the increase of
severity.*> We did not find the significant intra-host variations
reported by Rodriguez-Roche et al. in our study.

The dengue incidence during 2006 - 2009 in north eastern
and southern of Thailand

DHF had the highest number of cases follow by DF and
DSS in both north eastern and southern region in 2006 to
2009. There was no countrywide epidemiological survey for
dengue serotype in Thailand during 2006-2009. However,
the epidemiological cohort study of children in primary
schools in central Thailand (Ratchaburi province) during
2006-2009 found that DENV1 was predominant for all four
years (2006-2009) starting from 50%, 34%, 51%, and 38% for
2006, 2007, 2008 and 2009, respectively.** Our cohort study
specifically recruited pediatric patients with duration of
fever shorter than four days at the time of enrollment so
the characteristics of cohort participants, including serology
and serotype, were expected to be dissimilar from those
of patients in dengue epidemiological reports during the
same period. In addition, cohort participants were closely
monitored by experienced clinicians. Thus, the rate of DSS
was expected to be low because of adequate and prompt fluid
replacement. DENV1 was the most common serotype during
2006-2009 in both study sites. DENV1 and DENV2 samples
were selected from KK in 2006 and SK in 2007 which were
the predominant serotype of that time. DENV3 and DENV4
samples were selected from SK in 2008-2009 and KK in 2006
which were the second dominant serotype.

Conclusion

This study explored various aspects of the intra-host
diversity of DF and DHF patients. However, we have not yet
found specific characteristics of intra-host diversity associated
with disease severity.
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