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Abstract

Background

Malaysia experienced an unprecedented dengue outbreak from the year 2014 to 2016 that

resulted in an enormous increase in the number of cases and mortality as compared to pre-

vious years. The causes that attribute to a dengue outbreak can be multifactorial. Viral fac-

tors, such as dengue serotype and genotype, are the components of interest in this study.

Although only a small number of studies investigated the association between the serotype

of dengue virus and clinical manifestations, none of these studies included analyses on den-

gue genotypes. The present study aims to investigate dengue serotype and genotype-spe-

cific clinical characteristics among dengue fever and severe dengue cases from two

Malaysian tertiary hospitals between 2014 and mid-2017.

Methodology and principal findings

A total of 120 retrospective dengue serum specimens were subjected to serotyping and gen-

otyping by Taqman Real-Time RT-PCR, sequencing and phylogenetic analysis. Subse-

quently, the dengue serotype and genotype data were statistically analyzed for 101 of 120

corresponding patients’ clinical manifestations to generate a descriptive relation between

the genetic components and clinical outcomes of dengue infected patients. During the study

period, predominant dengue serotype and genotype were found to be DENV 1 genotype I.

Additionally, non-severe clinical manifestations were commonly observed in patients

infected with DENV 1 and DENV 3. Meanwhile, patients with DENV 2 infection showed sig-

nificant warning signs and developed severe dengue (p = 0.007). Cases infected with DENV

2 were also commonly presented with persistent vomiting (p = 0.010), epigastric pain (p =
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0.018), plasma leakage (p = 0.004) and shock (p = 0.038). Moreover, myalgia and arthralgia

were highly prevalent among DENV 3 infection (p = 0.015; p = 0.014). The comparison of

genotype-specific clinical manifestations showed that DENV 2 Cosmopolitan was signifi-

cantly common among severe dengue patients. An association was also found between

genotype I of DENV 3 and myalgia. In a similar vein, genotype III of DENV 3 was significantly

common among patients with arthralgia.

Conclusion

The current data contended that different dengue serotype and genotype had caused dis-

tinct clinical characteristics in infected patients.

Author summary

The study highlights interesting relationship between viral factors and clinical manifesta-

tion of dengue disease during an outbreak. The viral factors which include serotype and

genotype of dengue virus were studied to discover if the clinical manifestation in patients

were serotype and genotype-specific. As most clinical symptoms of severe dengue infec-

tion only manifest at a much later stage of dengue infection, therefore, information on

serotype or genotype-specific dengue manifestations may serve as early surrogate markers

to predict disease progression. We found that specific clinical manifestations were over-

represented by a specific DENV serotype and genotype. Severe dengue was significantly

present in DENV 2 Cosmopolitan-infected group while non-severe dengue was promi-

nent among DENV 1 genotype I-infected patients. DENV 3-infected patients commonly

manifested musculoskeletal symptoms. This study was undertaken between 2014 and

mid-2017, which was considered to be crucial, given that Malaysia experienced an unprec-

edented outbreak of dengue during this period. Consequently, the occurrence of serotype

shift and possible re-emergence of DENV 3 genotype I were reported.

Introduction

Since the 1950’s, dengue has become a serious health problem in the South-East Asia region.

In 1902, Malaysia experienced its first case of dengue [1]. Since then, Malaysia has increasingly

become popular for perpetual dengue endemic issues, resulting from the continuous rise in

reported dengue infection cases. The country experienced major outbreaks in 1974, 1978,

1982, 1990. Notably, Malaysia recorded the highest number of dengue cases between 2014 and

2017. In 2014, a total of 108,698 cases were reported in Malaysia which was equivalent to an

incidence rate (IR) of 361.1 cases in 100,000 populations with 215 mortalities. This alarming

figure had outnumbered the previous recorded dengue cases in 2013 by 150.8%. Meanwhile,

there was a noticeable increase in 2015 with 120,836 cases (IR = 396.4), along with 336 mortali-

ties. In 2016, the total number of dengue cases declined to around 101,357, although, the mor-

tality rate was 10% higher as compared to that in 2014. [2, 3]. Finally in 2017, the dengue

situation in Malaysia came under control as the total number of cases continued to drop. How-

ever, the number was still higher as compared to that in 2013. Subsequently, this prompted the

Malaysian government to implement a program to eradicate Aedes aegypti mosquito breeding

sites. Recently, a National Dengue Plan (2015–2020) was implemented by the Malaysian
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government to intensify the readiness and response capacity in detecting dengue cases and

outbreaks, requiring immediate action and attention.

Several risk factors at various intensities have contributed towards the severity of dengue

infection during the course of an outbreak. Viral factors are often considered as one of the risk

factors and components of interest in many studies in this field. A shift in the distribution of

dengue serotypes and genotypes may contribute to the accelerating number of dengue cases

due to an antibody-dependent enhancement (ADE) effect [4]. Interestingly, new genotype

clades were discovered in some countries such as India and Sri Lanka during dengue outbreaks

[5, 6]. While many studies investigated the association between certain serotype of dengue

virus and disease severity, only a few studies provided comparative details of the clinical mani-

festations among dengue serotypes and genotypes [7, 8, 9]. This comparison is particularly

important to further aid in the early prediction of a patient’s condition based on the clinical

characteristics and information on the serotype and genotype of the dengue virus infecting the

patient.

With advanced laboratory tests, the serotyping of the dengue virus from an infected patient

can be performed even on the first day of fever. Most clinical symptoms of severe dengue

infection only manifest at a later stage of dengue infection. Therefore, information on serotype

or genotype-specific dengue manifestations may serve as early surrogate markers to predict

disease progression. Furthermore, specific clinical manifestations may be over-represented in

patients infected with certain DENV serotype and genotype. In consideration of the above dis-

cussion, this study aims to investigate the clinical manifestations of dengue patients in relation

to dengue serotype and genotype during a dengue outbreak period in Malaysia.

Materials and methods

Ethics statement

This study has obtained an ethical approval from the Medical Research & Ethics Committee,

Ministry of Health Malaysia (Reference number: NMRR-15-923-25233). All patients’ data

were totally anonymous and requested from clinicians involved in this study.

Study setting and design

This is a retrospective observational study performed with a total of 120 dengue serum speci-

mens obtained from two tertiary hospitals and a research institute in Malaysia. The serum

specimens were acquired from patients who were primarily admitted for dengue fever and

confirmed for dengue infection at Hospital Serdang (n = 94) and Hospital Ampang (n = 24)

from October 2014—May 2017. Two more sera from DENV 4-infected patients were obtained

from the Virology Unit, at the Institute for Medical Research (IMR), in Kuala Lumpur. The

inclusion criteria at the time of sample collection included samples that were positive for den-

gue NS1 antigen whereas exclusion criteria included suspicion for dengue but were negative

for NS1 and identified as other febrile illnesses. The dengue confirmation criteria incorporated

the results from the NS1 antigen rapid test, with or without Dengue IgM/IgG rapid combo

tests performed by the hospitals. These tests were typically performed as soon as dengue infec-

tion was suspected in a patient. If dengue IgM was negative before day seven of the onset of

fever, a repeat sample was taken at the recovery phase. The IgM and IgG rapid tests results

were used to classify the cases as primary and secondary infection. Dengue cases that were pos-

itive for IgM but negative for IgG were regarded as primary infection whereas cases that were

positive for either IgG only or both IgM and IgG were classified as secondary infection. The

commercially available diagnostic kits incorporate an immunochromatography-based tech-

nique manufactured by Pan Bio (Brisbane, Australia). The NS1 antigen rapid test was
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interpreted by a single band targeting the dengue NS1 antigen. The IgM/IgG Dengue Duo Cas-

sette highlights the presence of anti-dengue IgM and IgG antibodies in their specific bands.

The results of the tests were displayed as reactive or non-reactive without titration. The reac-

tive IgG result was semi-quantitative, showing the presence of antibodies in the serum which

was equivalent to HAI titer of 1:2,560, indicating a secondary dengue infection.

Dengue fever was diagnosed and defined according to the World Health Organization

(WHO) 2009 dengue classification and severity level. The classification was used to indicate

dengue, dengue with warning sign and severe dengue. Severe dengue includes severe plasma

leakage, severe haemorrhage and severe organ dysfunction. To make the clinical diagnosis

and determine the severity of the dengue infection, a medical officer performed physical

examination on the patient, after which the findings were keyed in the e-file and request

was made for necessary laboratory tests to be performed. Following this, a team of experi-

enced clinicians including consultants or specialists further verified the accuracy of the

clinical diagnosis during daily clinical ward round based on patients’ progress in their

symptoms, clinical findings as well as the latest laboratory test report. The implication of

the observation was to determine whether the patient requires intensive unit (ICU) care or

normal ward management.

Dengue serotyping and phylogenetic analysis were performed for all 120 specimens. Socio-

demographic, clinical profiles and laboratory data were obtained from the patient’s record

from the respective hospitals. The information was later analyzed with the dengue serotyping

and genotyping results performed in this study. Notably, in the sta-tistical analysis, some sam-

ples were excluded due to incomplete clinical information, the presence of co-infection with

leptospirosis and small sample size for a particular serotype. The rationale for excluding the

samples of patients co-infected with leptospirosis was due to the overlapping clinical features

of the patients infected with leptospirosis and dengue. These samples, however, were not tested

for other closely related co-infections such as Zika or Chikungunya due to budgetary con-

straints. Moreover, the information on the history and clinical presentation of the patients

were unlikely to be of these diseases.

Dengue viral RNA extraction

QIAamp Viral RNA Mini Kit (Qiagen) was used to perform the extraction of dengue viral

ribonucleic acid (RNA) from the serum specimens according to the manufacturer’s instruc-

tions. The eluted 50 μl viral RNA was used as a template in the PCR assays.

Serotyping by fourplex Taqman Real-Time RT-PCR

Dengue virus serotyping was carried out in a fourplex Taqman Real-Time RT-PCR detection

platform as described by Johnson et al. (2005) [10]. PCR reactions were prepared in a cocktail

of 12.5 μl of 2X RT (reverse transcriptase)-PCR Mix (i-Script One Step RT-PCR kit, Biorad,

USA), 0.5 μl of each primers (DENV 1 and DENV 3 primers: 50 μM; DENV 2 and DENV 4

primers: 25 μM), 0.45 μl of each probes (10μM), 0.5 μl of RT Enzyme Mix, and 1.2 μl of nucle-

ase-free water. Positive controls for each serotype comprised of RNA from previously con-

firmed dengue patients, and obtained from the Virology Unit, IMR. The negative control

consisted of reactions without an RNA template, which was substituted with 5μl of nuclease-

free water. Taqman Real-Time RT-PCR amplification was performed on the CFX 96 (Biorad,

USA) platform at 50˚C for 10min, 95˚C for 5min, followed by 45 cycles of 95˚C for 15 sec and

60˚C for 30 sec. The aforementioned PCR mix and cycling conditions were optimized by the

Virology Unit. io: dx.doi.org/10.17504/protocols.io.rabd2an.[PROTOCOL DOI]
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Serotype-specific PCR amplification and sequencing

The partial E gene of dengue virus was amplified before sequencing by using four sets of serotype-

specific oligonucleotides [11]. All amplification reactions were carried out in a 96-well conven-

tional Thermal Cycler (Bio Rad, USA). The PCR was undertaken at 50˚C for 30 min, 94˚C for 2

min and 45 cycles of (94˚C for 15 sec, 50˚C for 30 sec and 68˚C for 1 min) followed by an exten-

sion reaction at 68˚C for 5 min. A 25 μl aliquot of each PCR reaction was analyzed on 1.5% pre-

stained agarose by gel electrophoresis and viewed under UV illumination. The corresponding

amplicons were extracted from the agarose gel and purified by a Gel Extraction Kit (Qiagen,

USA) according to the manufacturer’s instruction. The final elution contained 30 μl of purified

PCR amplicons whereby 5 μl of these were reanalyzed on 1.5% agarose gel to substantiate the

accuracy of purification step. The purified PCR amplicons were outsourced for Sanger Sequenc-

ing (1st Base, IDT, Singapore). io:dx.doi.org/10.17504/protocols.io.racd2aw.[PROTOCOL DOI]

Genotyping by phylogenetic analysis

The sense and antisense sequences obtained by sequencing were aligned to produce a consen-

sus partial E gene sequence by using CLUSTAL Omega software (https://www.ebi.ac.uk/

Tools/msa/clustalo/). Reference sequences of E gene for each serotype were extracted from the

GenBank database from various geographical regions. Phylogenetic trees were constructed

with Mega 7 software adopting neighbor-joining method (bootstrap replication 1000x) for all

four serotypes to determine the genotypes of dengue virus isolates.

Statistical analysis

Statistical package for the social sciences (SPSS) version 21.0 was adopted to analyze data col-

lected from the dengue patients. Categorical variables were expressed as frequencies (percent-

ages). Chi-square or Fisher’s Exact test was performed to analyze the significance of the

categorical variables. Continuous variables were tested for normality with the Komolgorov-

Smirnov test. Non-parametric analysis by Kruskal-Wallis was employed for data with non-nor-

mal distribution and presented in median and interquartile range (IQR). The normally distrib-

uted data were analyzed by One-Way ANOVA and expressed as mean and standard deviation

(SD). The patients’ data were tabulated according to categorical variables including gender,

serotypes, genotypes and a spectrum of clinical manifestations. Meanwhile, continuous vari-

ables refer to parameters such as age, day of fever and laboratory test results. These data were

utilized to determine the distribution of dengue serotype and genotype in the study population

and describe the relation with demography, clinical manifestations and laboratory parameters.

The analyses were performed at 95% confidence with level of significance of p<0.05.

Results

Distribution of dengue serotype and genotype

Serotyping results (Fig 1) from 120 study subjects revealed that more than half of the study

population were infected with DENV 1 (64/120; 53.0%) followed by DENV 2 (31/120; 26.0%),

DENV 3 (20/120; 17.0%), DENV 4 (4/120; 3.0%) and mixed serotype DENV 1/ DENV 2 (1/

120; 1.0%). The distribution of these serotypes by year of infection is shown in Fig 2. Among

our study subjects, a domination of DENV 1 was seen from the year 2014–2016 with preva-

lence of 35.3% (6/17), 63.2% (36/57) and 58.6% (17/29) each year, respectively. In 2017, DENV

2 was more frequently observed than other serotypes (7/17; 41.2%) among the study subjects.

The number of DENV 3-infected cases from 2014–2017 were less than DENV 1 and DENV 2

except in the year 2014 with prevalence of 29.4% (5/17), 19.4% (7/57), 13.8% (4/9) and 23.5%

Serotype and genotype of dengue virus and disease manifestations
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(4/17), respectively. DENV 4-infected cases were observed more in 2014 (3/17; 17.6%) and one

case in 2017 (1/17; 5.9%) while one DENV 1/ DENV 2 mix serotype case was found in 2015 (1/

17; 5.9%). Further, phylogenetic analysis classified these dengue strains into genotypes (Figs 3–

6). All DENV 1 and DENV 2 strains were classified under genotype I and cosmopolitan

Fig 1. Distribution of dengue cases by serotypes among the study population.

https://doi.org/10.1371/journal.pntd.0006817.g001

Fig 2. Distribution of dengue serotypes by year of infection among the study population.

https://doi.org/10.1371/journal.pntd.0006817.g002
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Fig 3. Phylogeny of DENV 1 virus based on E gene sequence. Dengue isolates from the study are represented in red.

https://doi.org/10.1371/journal.pntd.0006817.g003
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Fig 4. Phylogeny of DENV 2 virus based on E gene sequence. Dengue isolates from the study are represented in red.

https://doi.org/10.1371/journal.pntd.0006817.g004
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Fig 5. Phylogeny of DENV 3 virus based on E gene sequence. Dengue isolates from the study are represented in red.

https://doi.org/10.1371/journal.pntd.0006817.g005
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genotype, respectively. DENV 3 strains clustered into two distinct genotypes. Genotype III

comprised most of the DENV 3 strains as compared to genotype I. The DENV 4 strains from

the study belong to genotype I and genotype II. In addition, one dengue strain with mixed

serotypes of DENV 1/DENV 2 were identified. However, only DENV 2 from the mixed strain

Fig 6. Phylogeny of DENV 4 virus based on E gene sequence. Dengue isolates from the study are represented in red.

https://doi.org/10.1371/journal.pntd.0006817.g006
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could be amplified by PCR and sequenced. All 120 sequences were deposited in NCBI with

accession numbers MG450795 –MG450914.

Phylogeny analysis

The 2014–2017 DENV 1 strains (Fig 2) displayed a monophyletic relationship being clustered

in the genotype I group. These strains showed a distant connection with strains from Vietnam,

Cambodia, China and Taiwan-imported case from the same genotype. D1/Malaysia/330877/

04 and D1/Malaysia/36139/05, which were two strains from the former 2004–2005 outbreaks

formed their own clade, quite distinctively from the recent outbreak strains. One recent out-

break strain (D1/Malaysia/PUR/765027/15), isolated in December 2015 was noticeably set

apart from other DENV 1 genotype I strains. There was no obvious clustering within the

2014–2017 DENV 1 strains as all of them were randomly dispersed within the clades.

The DENV 2 phylogeny (Fig 3) displayed a well-defined clade formation within the Cosmo-

politan genotype. The Cosmopolitan genotype of Malaysian strains formed two main clades,

which are referred to as Clade 1 and Clade 2. Clade 2 was further divided into sub-clade 2a and

sub-clade 2b. There were two strains within Clade 1, namely D2/Malaysia/BAG/ 680429/14

and D2/Malaysia/WCK/738138/15, which were isolated in December 2014 and August 2015,

respectively. Clade 2 comprised of strains isolated during the 2014–2017 outbreak. Domina-

tion of dengue strains by year of outbreak within sub-clade 2a and sub-clade 2b was observed.

Early outbreak strains from the year 2014–2015 clustered in sub-clade 2b whereas late out-

break strains from the year 2015–2017 dominated sub-clade 2a.

The DENV 3 phylogeny (Fig 4) classified the current outbreak strains into genotype I and

genotype III. The 2014–2015 DENV 3 strains were commonly noticed among genotype III

clade, whereas the 2016–2017 strains appeared more in genotype I clades. The dengue strains

from genotype III branched into two clades whereas genotype I strains were clustered together.

The DENV 4 strains in this study belonged to genotype I and genotype II (Fig 5).

Dengue serotype and genotype and clinical manifestations of infected

patients

Of the total 120 cases investigated, 101 cases were included in the statistical analysis while the

remaining 19 were omitted. As mentioned earlier, the excluded cases were those with incom-

plete clinical information, co-infection with leptospirosis and small sample size for particular

serotype (DENV 4 and mixed serotype). The demographic details of the 101 study subjects are

shown in Table 1. Age of the patients was significantly related to dengue serotypes. The

median age group for DENV 1, DENV 2 and DENV 3-infected patients was 14, 27 and 23

respectively. A significant relationship was detected between dengue serotypes and disease

classification (p = 0.007) (Table 2). Dengue infections without warning signs were observed

more frequently in patients who were infected with DENV 1 (29/58; 50.0%) and DENV 3 (8/

16; 50.0%). Notably, DENV 2-infected patients more frequently developed severe dengue (9/

27; 33.3%). In the present study, a total of 17 severe dengue cases were identified of which two

Table 1. Demographic details of study subject.

Demographic data Total subject (n = 101) DENV 1 (n = 58) DENV 2 (n = 27) DENV 3 (n = 16) P Value

Days of fever, median days (IQR) 4 (3–5) 4 (3–5) 3 (3–4) 4 (3–4) 0.918

Age, median years (IQR) 20 (12–30) 14 (9–26) 27 (17–39) 23 (17–32) 0.001�

The total n = 101 reflects the total subjects included in the statistical analysis after the exclusion criteria was taken into consideration.

� Indicates a significant result with P value < 0.05

https://doi.org/10.1371/journal.pntd.0006817.t001
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were noted as fatal cases. Apart from this, dengue with warning signs were frequently dis-

played by patients infected with DENV 2 (13/27; 48.1%).

The investigation of dengue serotype-specific clinical manifestations demonstrated that

DENV 2-infected patients were more frequently present with persistent vomiting (p = 0.010),

epigastric pain (p = 0.018), severe plasma leakage (p = 0.004) and shock (p = 0.038). Addition-

ally, myalgia and arthralgia were the two major musculoskeletal symptoms observed in DENV

3 infection (p = 0.015, p = 0.014). Although statistically insignificant, relatively high proportion

of DENV 1-infected patients suffered from lethargy (9/58; 15.5%) and diarrhea (12/58; 20.7%).

Furthermore, genotype I of DENV 3 was frequently found in patients with myalgia (p = 0.036).

Likewise, genotype III of DENV 3 and arthralgia were found to be associated with one another

(p = 0.035).

Table 2. Dengue serotypes and genotypes and clinical manifestations of dengue patients.

Parameters DENV 1 DENV 2 DENV 3 P value Geno I Cosmo Geno I Geno III P value

(n = 58) (n = 27) (n = 16) DENV 1 DENV 2 DENV 3 DENV 3

(n = 58) (n = 27) (n = 7) (n = 9)

% (n) % (n) % (n) % (n) % (n) % (n) % (n)

Disease category 0.007� 0.025�

With warning signs 39.7 (23) 48.1 (13) 37.5 (6) 39.7 (23) 48.1 (13) 57.1 (4) 22.2 (2)

Without warning signs 50.0 (29) 18.5 (5) 50.0 (8) 50.0 (29) 18.5 (5) 42.9 (3) 55.6 (5)

Severe dengue 10.3 (6) 33.3 (9) 12.5 (2) 10.3 (6) 33.3 (9) 0.0 (0) 22.2 (2)

Specific manifestations

• With warning signs

Lethargy 15.5 (9) 14.8 (4) 12.5 (2) 0.956 15.5 (9) 14.8 (4) 14.3 (1) 11.1 (1) 0.989

Persist vomiting 29.3 (17) 63.0 (17) 50.0 (8) 0.010� 29.3 (17) 63.0 (17) 57.1 (4) 44.4 (4) 0.024�

Epistaxis 3.4 (2) 0.0 (0) 6.3 (1) 0.480 3.4 (2) 14.3 (1) 0.0 (0) 0.0 (0) 0.235

Epigastric pain 12.1 (7) 37.0 (10) 12.5 (2) 0.018� 12.1 (7) 37.0 (10) 14.3 (1) 11.1 (1) 0.045�

Abdominal pain 19.0 (11) 22.2 (6) 25.0 (4) 0.851 19.0 (11) 22.2 (6) 42.9 (3) 11.1 (1) 0.435

Ascites 6.9 (4) 11.1 (3) 0.0 (0) 0.382 6.9 (2) 11.1 (1) 0.0 (0) 0.0 (0) 0.589

Gum bleed 3.4 (2) 3.7 (1) 12.5 (2) 0.316 3.4 (2) 3.7 (1) 14.3 (1) 11.1 (1) 0.496

Diarrhea >3x a day 20.7 (12) 14.8 (4) 12.5 (2) 0.670 20.7 (12) 14.8 (4) 0.0 (0) 22.2 (2) 0.546

• Without warning signs

Headache 29.3 (17) 37.0 (10) 37.5 (6) 0.704 29.3 (17) 37.0 (10) 42.9 (3) 33.3 (3) 0.834

Retro orbital pain 6.9 (4) 11.1 (3) 0.0 (0) 0.382 6.9 (4) 11.1 (3) 0.0 (0) 0.0 (0) 0.589

Chills 22.4 (13) 25.9 (7) 25.0 (4) 0.932 22.4 (13) 25.9 (7) 28.6 (2) 22.2 (2) 0.973

Rigor 20.7 (12) 22.2 (6) 25.0 (4) 0.932 20.7 (12) 22.2 (6) 28.6 (2) 22.2 (2) 0.972

Cough 8.6 (5) 22.2 (6) 25.0 (4) 0.147 8.6 (5) 22.2 (6) 0.0 (0) 11.1 (1) 0.231

Sore throat 3.4 (2) 14.8 (4) 6.3 (1) 0.065 3.4 (2) 14.8 (4) 0.0 (0) 0.0 (0) 0.141

Rhinorrhea 6.9 (4) 7.4 (2) 0.0 (0) 0.990 6.9 (4) 7.4 (2) 0.0 (0) 11.1 (1) 0.856

Myalgia 43.1 (25) 63.0 (17) 81.3 (13) 0.015� 43.1 (25) 63.0 (17) 85.7 (6) 77.8 (7) 0.036�

Arthralgia 36.2 (21) 55.6 (15) 75.0 (11) 0.014� 36.2 (21) 55.6 (15) 71.4 (5) 77.8 (7) 0.035�

Rash 8.6 (5) 11.1 (3) 0.0 (0) 0.408 8.6 (5) 11.1 (3) 0.0 (0) 0.0 (0) 0.617

• Severe dengue

Severe bleeding 12.1 (7) 7.4 (2) 0.0 (0) 0.308 12.1 (7) 7.4 (2) 0.0 (0) 0.0 (0) 0.502

Severe organ failure 3.4 (2) 11.1 (3) 6.3 (1) 0.379 3.4 (2) 11.1 (3) 0.0 (0) 11.1 (1) 0.422

Shock 10.3 (6) 29.6 (8) 6.3 (1) 0.038� 10.3 (6) 29.6 (8) 0.0 (0) 11.1 (1) 0.075

Severe Plasma leakage 5.2 (3) 25.9 (7) 0.0 (0) 0.004� 5.2 (3) 25.9 (7) 0.0 (0) 0.0 (0) 0.012�

� Indicates a significant result with P value < 0.05

https://doi.org/10.1371/journal.pntd.0006817.t002
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Laboratory parameters in relation to dengue serotype and genotype

Investigation of laboratory parameters in relation to dengue serotype and genotype is shown

in Table 3. None of the laboratory parameters were significant among dengue serotypes and

genotypes. A majority of the study subjects that were infected with DENV 1 (57/68; 98.3%)

and DENV 2 (26/27; 96.3%) had primary infection. The percentage of secondary infection was

greater in the DENV 3 (2/16; 12.5%) infected group than other serotypes. The mean platelet

count was the lowest among DENV 2-infected patients as indicated by mean (±SD) of 106 x

109 (±71.5) whereas the hematocrit level was the highest among DENV 3 patients (43.0

(±5.9)).

Serotype association with disease severity in regards to primary and secondary infection

was elucidated in Table 4. In the primary infection group, the percentage of severe and non-

severe dengue cases was 16.5% (16/97) and 83.5% (81/97), respectively. Also, within the pri-

mary infection group, disease severity was significantly associated with dengue serotype

(p = 0.014). Among the severe dengue cases within the primary infection group, a great pro-

portion were infected with DENV 2 (9/16; 56.3%) followed by DENV 1 (6/16; 37.5%) and

DENV 3 (1/16; 6.3%) whereas among the non-severe dengue cases, 63.0% (51/81) were

infected with DENV 1, followed by DENV 2 (17/81; 21.0%) and DENV 3 (13/81; 16.0%). In

addition, within the secondary infection group, the percentage of severe cases was 25.0% (1/4)

while 75.0% (3/4) were non-severe cases. The only severe dengue case in the secondary infec-

tion group was infected with DENV 3 while the three non-severe cases were each infected with

DENV 1, DENV 2, and DENV 3.

Table 3. Dengue serotypes and genotypes and laboratory parameters.

Laboratory parameters DENV 1

(n = 58)

DENV 2

(n = 27)

DENV 3

(n = 16)

P

value

Geno I DENV1

(n = 58)

Cosmo DENV 2

(n = 27)

Geno I DENV 3

(n = 7)

Geno III DENV

3 (n = 9)

P

value

Infection status 0.147 0.268

Primary infection, % (n) 98.3 (57) 96.3 (26) 87.5 (14) 98.3 (57) 96.3 (26) 85.7 (6) 88.9 (8)

Secondary infection, % (n) 1.7 (1) 3.7 (1) 12.5 (2) 2.0 (1) 3.7 (1) 14.3 (1) 12.5 (1)

Platelet count (x 109),

mean (±SD)

148.1 (±74.0) 106.0 (±71.5) 135.2 (±54.6) 0.079 148.1 (±74.0) 106.0 (±71.5) 119.7 (±61.8) 147.2 (±67.8) 0.131

Hematocrit level (%),

mean (±SD)

40.1 (±3.6) 41.6 (±4.1) 43.0 (±5.9) 0.061 40.1 (±3.6) 41.6 (±4.1) 42.3 (±5.3) 43.5 (±6.5) 0.085

White blood cell (x 109),

median (IQR)

3.8 (2.6–5.4) 3.2 (1.9–4.1) 3.7 (2.8–4.8) 0.145 3.8 (2.6–5.4) 3.2 (1.9–4.1) 3.3 (2.6–5.6) 3.7 (2.9–4.5) 0.275

AST (IU/ml), median

(IQR)

53.0 (30.0–

155.0)

83.0 (34.3–

248.0)

55.5 (33.3–

124.0)

0.683 53.0 (30.0–155.0) 83.0 (34.3–248.0) 49.0 (35.5–84.5) 99.0 (31.0–180.0) 0.671

ALT (IU/ml), median

(IQR)

45.0 (23.0–

110.0)

67.5 (22.8–

164.8)

53.0 (19.0–

96.5)

0.651 45.0 (23.0–110.0) 67.5 (22.8–164.8) 27.0 (19.0–54.5) 84.0 (24.5–125.0) 0.444

https://doi.org/10.1371/journal.pntd.0006817.t003

Table 4. Dengue severity among primary and secondary infection in relation with serotypes.

Infection type Severity DENV 1 (n = 58) DENV 2 (n = 27) DENV 3 (n = 16) P value

Primary infection (n = 97) Severe dengue (n = 16) % (n) 37.5 (6) 56.3 (9) 6.3 (1) 0.014�

Non-severe dengue (n = 81) % (n) 63.0 (51) 21.0 (17) 16.0 (13)

Secondary infection (n = 4) Severe dengue (n = 1) % (n) 0 (0) 0 (0) 100.0 (1) 0.161

Non-severe dengue (n = 3) % (n) 33.3 (1) 33.3 (1) 100.0 (1)

� Indicates a significant result with P value < 0.05

https://doi.org/10.1371/journal.pntd.0006817.t004
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Discussion

The present study focused on identifying the pattern of dengue serotype and genotype distri-

bution from the year 2014–2017 in Malaysia and attempted to investigate the clinical spectrum

of patients in relation to this distribution pattern. It was found that DENV 1 genotype I was

the predominant serotype and genotype in the recent dengue outbreak in Malaysia. This

reflected a serotype shift replacing the formerly predominant DENV 2 prior to the outbreak.

Comparison of dengue serotype and genotype with disease spectrum contended that these

clinical characteristics are serotype and genotype-specific. As most clinical symptoms of severe

dengue infection only manifest at a much later stage of dengue infection, therefore, informa-

tion on serotype or genotype-specific dengue manifestations may serve as early surrogate

markers to predict disease progression.

In Malaysia, the serotype distribution of dengue virus has been inconsistent. However,

there was a seemingly interesting pattern of circulation during outbreak period whereby major

outbreaks were likely to follow the switching of DENV serotypes [12]. A predominantly circu-

lating dengue serotype before an outbreak is replaced by another serotype which persists

towards the end of the outbreak. Once the number of cases decline, the persistent serotype is

again replaced by another serotype. For instance, during the 1996–1998 dengue outbreaks in

Malaysia, both DENV 1 and DENV 2 dominated other serotypes. Prior to 1996, DENV 3 was

consistently circulating. After the outbreak subsided, DENV 2 began to surge from the year

1999 onwards. Similarly, when there was a sharp increase in the number of dengue cases in

2001 and 2002, DENV 2 in the prior years was replaced by DENV 3. Then, DENV 3 was over-

taken by DENV 1 from year 2003 onwards as the number of cases declined [2, 13, 14]. In the

present study, DENV 1 was primarily present at the study area from 2014–2017. This indicated

that DENV 1 had replaced a formerly predominant DENV 2. The existing trend contended

that serotype replacement, most probably with DENV 3 is predicted to take place once the cur-

rent outbreak subsides. In contrast to our prediction, Tan et al (2017) reported the unlikeliness

for DENV 3 to surge as serotype cyclical outbreak cycle in Malaysia has recently been dis-

rupted with DENV 3 remained in the background of DENV 1 and DENV 2 from 2003 until

now [15].

Apart from serotype replacement, emergence of new genotypes or genotypic clade replace-

ments have been reported during dengue outbreak [16, 17, 18]. This is often attributed to posi-

tive pressure selection and viral fitness for survival. In the current study, all DENV 1 strains

were classified into genotype I, which subsequently formed minute branches within the same

genotype but well conserved. The monophyletic pattern indicated high genetic similarity

among the DENV 1 Malaysian strains. As for DENV 2 Cosmopolitan genotype, the current

outbreak strains diverged into clades, indicating minor evolution.

The DENV 3 strains in our study were divided into genotype I and genotype III. Genotype

III was constantly documented in Malaysia from 2007–2013 [15, 19]. Interestingly, genotype I

of DENV 3 was last documented in 2011 and also circulated in this country during dengue epi-

demics in 1974 and 2007–2008 [15]. Hence, the appearance of genotype I that was equal to

genotype III among DENV 3 strains in our study raised the possibility of re-emergence of

genotype I especially during outbreaks. DENV 4 is a rare dengue serotype in Malaysia. Three

strains from genotype I and a strain from genotype II were detected in the present study. One

of the DENV 4 strains clustered together with the dengue strains from Myanmar, reflecting

the likelihood of an imported case.

A handful of studies have shown the differences in dengue symptoms are serotype specific,

but majority of these studies are conducted outside outbreak periods. A study among adult

dengue patients in Singapore from 2005–2011 found that cases infected with DENV 1 were
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more likely to be presented with red eyes and had higher risk of developing severe dengue. In

contrast, those DENV 2-infected patients were found to have frequent joint pains and signifi-

cantly low platelet count [9]. Another study was conducted among dengue patients in Peru,

Bolivia, Ecuador and Paraguay from 2005–2010. The findings showed that DENV 3 had a

higher prevalence of musculoskeletal and gastrointestinal manifestations while DENV 4 had a

higher prevalence of respiratory and cutaneous manifestations [7]. On the other hand, a group

of Indian researchers who undertook a study from 2002–2006 in New Delhi reported a signifi-

cant result of hepatomegaly and abdominal pain in DENV 2-infected patients. The results of

their study also noted that DENV 4 patients suffered from severe hemorrhagic manifestations

[20]. All the aforementioned results showed that there were differences in clinical manifesta-

tions of dengue patients relating to the serotype owing to the differences in terms of year of

study and level of endemicity in particular regions. In response to this, the present study inves-

tigated the relationship between dengue serotype and genotype, and the disease spectrum in

Malaysia, a dengue hyper endemic country, during a recent outbreak period.

The present study showed a significant number of DENV 2-infected patients developed

severe dengue more frequently as compared to other serotypes. These patients were also fre-

quently presented with clinical manifestations such as persistent vomiting, epigastric pain,

plasma leakage and shock. Many studies have proven that severity and DENV 2 are common

especially in relation to shock manifestation [21, 22, 23]. Similarly in a retrospective study of

dengue cases in Thailand, it was also found that DENV 2 was the most frequent serotype iso-

lated from dengue hemorrhagic (DHF) and dengue shock syndrome (DSS) cases followed by

DENV 3, DENV 1 and DENV 4 [24]. Although substantial evidence confirmed that DENV 2

caused severe dengue infection, one study found no differences between any DENV serotypes

and severity of the disease [25].

Our data suggested that both DENV 1 and DENV 3-infected patients displayed the mildest

clinical presentation. The data also signified that DENV 3-infected patients suffered from

myalgia and arthralgia. When compared across the genotypes, DENV 2 cosmopolitan was

highly prevalent among patients with epigastric pain and shock. Besides that, DENV 3 geno-

type III was significantly observed among patients with arthralgia whereas DENV 3 genotype I

was common among patients with myalgia. Several studies also reported an association

between DENV 3 and musculoskeletal manifestations. According to Chan et al. (2009), the

findings showed a significant relationship between DENV 3 and myalgia, but the genotype

information was unknown [26]. Similarly, Hasley et al (2012) also found that DENV 3-infected

patients had frequent myalgia and arthralgia symptoms [7]. Therefore, we hypothesized that

DENV 3 has a high preference and binding affinity to the receptors in the musculoskeletal sys-

tem, narrowing down further that genotype I targets muscles whereas genotype III targets the

joints.

The comparison between genotypes also exhibited that genotype III of DENV 3 may appear

to be more virulent than genotype I. This is supported by the presence of two severe cases

among DENV 3 genotype III-infected patients. These two cases were presented with severe

organ impairment and shock (dengue shock syndrome), respectively. This finding may war-

rant further interest to investigate severity associated with DENV genotype III with inclusion

of larger sample size. It can be postulated that since genotype III has been circulating domi-

nantly among DENV 3 genotypes in Malaysia for extended period from its introduction in

2007 till 2013, thus it acquired sufficient survival fitness to become virulent over time as com-

pared to genotype I which was dormant from 2012–2013 and had re-emerged during the out-

break in 2014. However re-emergence of DENV 3 genotype I has to be cautiously monitored

as it could undergo adaptation to become more infectious to replace and diminish the exis-

tence of DENV 3 genotype III. This highlights the importance of studying serotype and
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genotype specific clinical manifestations during dengue outbreak to allow prediction of an out-

break outcome.

Previous research had claimed that DENV 1 and DENV 2 are often associated with primary

infections and secondary infections, respectively [26]. Contrary to these findings, our investi-

gation revealed insignificant differences between dengue serotypes and infection type as in pri-

mary and secondary infection. Indeed, this could be mainly due to low number of secondary

infected cases in the present study. In our study, primary dengue infections were found to be

more frequent than secondary infections. This finding contradicted with reports of high sero-

prevalence rate of secondary infection in Malaysia [27]. The seroprevalence rates in Malaysia

were shown to be age dependent, whereby as the age increases the seroprevalence also

increases and by 70 years old almost 80% of the Malaysian population were already infected

with dengue. Our findings on secondary infection rate was different from the above study

based on two aspects. Firstly, the distribution of subjects by age group in our study indicate

that more than half of the study subjects belonged to younger age group (� 20); hence, less

likely to have past exposures (S1 Table). Past studies also supported this in which a shift of the

dengue infection from affecting primarily children to adults more than age 20 years old, was

demonstrated [28, 29]. Secondly, in our study, exclusion of samples with incomplete informa-

tion, unable to be serotyped or genotyped and the coverage of only two locations contributed

to small sample size, thus, we are unable to provide a detailed description of the seroprevalence

rate. However, our study findings on high primary infection rate could pose a serious implica-

tion if the next outbreak is predominantly caused by DENV 2. It is known that severe dengue

is associated with secondary infection and infection with DENV 2 superimposed on previous

DENV 1 infection carries the highest risk for development of severe dengue [30]. Even though

the DENV 3 upsurge after the current outbreak is predicted, however as mentioned earlier,

one study [15] has cautioned that this cycle was recently disrupted, raising the possibility for

DENV 2 dominance. Therefore, our study findings on the high prevalence of primary infec-

tion is very crucial in the conveyance of early warning for a severe outbreak in the future.

Comparison of serotype severity after stratifying by infection types demonstrated that

among primary dengue infection cases, there is a significant association between DENV 2 and

the disease severity. This indicates that primary infections caused by DENV 2 may lead to

more severe presentations than DENV 1. Interestingly, only one severe case was found in the

secondary infection group and no significance was observed among the serotypes and severity

in this group. One possible explanation, in this case, could be that the patients in the secondary

infection group could have been previously infected by the same serotype (homotypic infec-

tion). Recent studies have reported the evidence of homotypic dengue re-infection [31, 32].

The findings for these studies demonstrate that, in some cases, serotype-specific immunity to

DENV may be short-lived. Such cases challenge the paradigm of lifelong, serotype-specific

DENV immunity following a natural infection. A greater risk to develop severe dengue is

caused by heterotypic secondary DENV infection with a dengue serotype distinct from the pri-

mary infecting type [33]. Having said that, prior to the onset of the recent outbreak, DENV 1

were equally circulating with other serotypes (DENV 2 and DENV 3) from the year 2010–

2012. It was only in the year 2013, there was an upsurge of DENV 2. Since the information is

not available on the serotype that previously infected the patients in the secondary infection

group, therefore our findings raised the possibility that these patients had been previously

infected by DENV 1 also. Hence, increased disease severity was not observed. The theory of

peak enhancement titer provides a second possible explanation. The enhancement of severe

dengue is dependent on the pre-existing antibody titer, resulting from a different serotype

infection. The pre-existing dengue antibody titer of 1: 21 to 1:80 induced high risk to develop

severe dengue, whereas, a titer above 1: 320 triggered a protective effect [33]. It is more likely
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that the pre-existing dengue antibody titers in the secondary infection group in our study did

not fall into the peak enhancement zone, thus causing less risk for severity. The IgM and IgG

rapid test results were utilized to discriminate between primary and secondary infection. Sev-

eral studies have evaluated the accuracy of infection status assignment using this method. One

such study demonstrated a 100% sensitivity of an IgM/IgG rapid test in an attempt to distin-

guish between primary and secondary dengue virus infections [34]. Another study evaluated

the similar rapid test kit (Dengue Duo Cassette; Panbio, Brisbane, Australia) which was also

used in the present study and found that the test has good reproducibility, with the inconsis-

tency of only 5% [35]. These findings collectively showed that the IgM/IgG rapid tests are reli-

able diagnostic tools for the indication of primary or secondary dengue infection.

Several strengths are inherent in this study. To the best of the researcher’s knowledge, this

is the first observational study to investigate the relationship between dengue serotype and

genotype with patients’ clinical manifestation during the recent outbreak peri-od among

Malaysians. Additionally, our study findings may warrant further research to elucidate the

strong association of dengue serotype and genotypes focusing on a larger population and local-

ities. However, the study has limitations as well. Firstly, all retrospective studies depend on the

completeness of medical data, and missing data is therefore unavoidable. In the present study,

a number of subjects had to be excluded from the original count due to incompleteness of clin-

ical data, thus resulted in a smaller sample size. Secondly, in Malaysia, many dengue specimens

from hospitals were sent to the national reference laboratories for molecular diagnosis and sur-

veillance purpose. Therefore, our collaborators from the hospitals were only able to provide

those specimens that were not required for national surveillance. We need to acknowledge

that there is a possibility of selection bias but, the findings in our study of resurgent DENV 1

infection during the recent outbreak period is consistent with the national surveillance of the

dengue infection. In view of this, the selection bias was not substantial. Not only that, there

was underrepresentation of certain serotypes in this study due to the small numbers such as

DENV 4 causing it to be omitted from the statistical analysis. Lastly, the proportion of dengue

subjects obtained in the year 2014 was low despite a spike in the dengue cases because the sam-

ple collection was initiated towards the end of the particular year.

Our study findings demonstrated that symptoms of dengue infected patients in Malaysia were

indeed serotype and genotype-specific. DENV 1 was found to cause dengue without warning

signs and mild symptoms. DENV 2 patients were more likely to present with severe dengue as

compared to other serotypes. In addition, DENV 3-infected patients frequently had musculoskel-

etal symptoms. These findings suggested that different dengue serotypes targeted different recep-

tors or organs to establish infection. Following our findings and to benefit from further research,

we recommend continuous monitoring of dengue clinical manifestations in relation to serotype

and genotype and investigate the link between DENV 3 genotype III and disease severity with

larger sample size. We also propose to look into the recent prevalence of primary and secondary

dengue infection among Malaysian population as this has an implication on dengue vaccine.
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