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Abstract. Dengue is a re-emerging global public health problem, themost common arbovirus causing humandisease
in the world, and a major cause of hospitalization in endemic countries causing significant economic burden. Data were
analyzed from passive surveillance of hospital-attended dengue cases from 2002 to 2018 at Phramongkutklao Hospital
(PMKH) located in Bangkok, Thailand, and Kamphaeng Phet Provincial Hospital (KPPH) located in the lower northern
region of Thailand. At PMKH, serotype 1proved to be themost commonstrain of the virus,whereas at KPPH, serotypes 1,
2, and 3were themost commonstrains from2006 to 2008, 2009 to 2012, and 2013 to 2015, respectively. The 11–17 years
age-groupmade up the largest proportion of patients impacted by dengue illnesses during the study period at both sites.
At KPPH, dengue virus (DENV)-3 was responsible for most cases of dengue fever (DF), whereas it was DENV-1 at PMKH.
In cases where dengue hemorrhagic fever was the clinical diagnosis, DENV-2 was the predominant serotype at KPPH,
whereas at PMKH, it wasDENV-1. The overall disease prevalence remained consistent across the two study siteswithDF
being the predominant clinical diagnosis as the result of an acute secondary dengue infection, representing 40.7% of
overall cases at KPPHand 56.8%at PMKH. The differences seen between these sites could be a result of climate change
increasing the length of dengue season and shifts inmigration patterns of these populations from rural to urban areas and
vice versa.

INTRODUCTION

Dengue virus (DENV) is an important arboviral pathogen
causing febrile illness and its more serious manifestation,
dengue hemorrhagic fever (DHF)/dengue shock syndrome
(DSS). Dengue is a re-emerging global public health problem,
a major cause of hospitalization in endemic countries, causes
significant economic burden, and is the most common arbo-
virus causing human disease in the world, with an estimated
3.9 billion people in 128 countries at risk of infection with
DENVs.1,2 Dengue is a public health priority in Southeast Asia,
and Thailand contributes substantially to the regional disease
burden. From 2000 to 2011 variations in incidences occurred,
with epidemics in 2001, 2008, and 2010 all thewhile remaining
a highly seasonal disease as well. In addition, age-group
distribution of dengue disease shifted from younger toward
older persons, and heterogeneous geographical patterns of
the disease were observed, including higher incidence rates
reported in the South of Thailand with serotype distribution
variations introduced with respect to both time and place.3

Seasonal endemic transmission can lead to epidemics
in susceptible populations. Previous studies conducted by
the Armed Forces Research Institute of Medical Sciences
(AFRIMS) in Kamphaeng Phet, Thailand, a well-established
dengue-endemic area of approximately 700,000 people in a
mostly rural to semi-rural setting, have described: the spatial
and temporal dynamics of DENV transmission, the incidence
of DENV infection and risk factors for severe disease, and the
full burden of DENV infections with the risk factors specific to

each.2,4–8 This semi-rural setting differs from that of Phra-
mongkutklao Hospital (PMKH), a military hospital located in
urban Bangkok that serves both civilians and members of the
Royal Thai Army.9–11

This study served to elucidate if there is a difference in
dengue cases andclinical severity basedon the location of the
patient, whether they are seen at PMKH or Kamphaeng Phet
Provincial Hospital (KPPH) (Figure 1). This was accomplished
through several means to include 1) the characterization and
comparisonof theepidemiologyofDENVinfectionsasdetected
among individuals presenting for inpatient care at PMKH
(Bangkok) and inpatient or outpatient care at KPPH (Kam-
phaeng Phet) from 2002 to 2018, 2) through the comparison of
the temporal features of DENV transmission in Bangkok and
Kamphaeng Phet, Thailand, including DENV serotype, ages of
infection, primary/secondary infection, as well as other impor-
tant demographic variables, 3) the description and comparison
of the features of DENV infection in Bangkok and Kamphaeng
Phet with respect to the occurrence of severe dengue by de-
mographicpredictors andDENVserotype, 4) and the impact the
varying population pools have on dengue detection assays to
include polymerase chain reaction.

METHODS

Ethics statement. The retrieval and analysis of coded
preexisting data in this studywas approvedby the Institutional
Review Boards of Walter Reed Army Institute of Research,
Royal Thai Army, and the Institute for the Development of
Human Research Protections Thai Ministry of Public Health,
IRB RTA 679/2563. All data were analyzed anonymously.
Description of the dataset. The analyzed data were from

public health samples collected during passive surveillance of
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hospital-attended dengue cases from 2002 to 2018 at PMKH,
a 1,200-bed tertiary care military hospital located in Bangkok
capital of Thailand, and KPPH, a 410-bed provincial civilian
hospital located in lower northern region of Thailand. Being a
passive surveillance study, data were collected in line with the
enrolling hospitals’ policies on the admission and treatment of
febrile cases resulting in data being collected from inpatient
care at PMKHandboth inpatient andoutpatient care at KPPH.

The inclusion criteria were any samples collected from
dengue clinical diagnosis patients from KPPH (pediatric [0–17
years] and internalmedicine [³18 years]), andPMKH (inpatient
pediatric [0–21 years]) from 2002 to 2018, and the exclusion
criteria were when consent for future usage of data were not
obtained from the patients.
The acute and convalescent blood samples from clinically

suspected dengue patients from both hospitals were tested

FIGURE 1. Heat map displaying the febrile cases in residence from Kamphaeng Phet Provincial Hospital (KPPH) and Phramongkutklao Hospital
(PMKH) during the study period (2002–2018).
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for evidence of DENV infection at AFRIMS. Clinical classifi-
cation was based onWHOguidelines applicable at the time of
hospitalization by the clinician. The 1997 WHO dengue clas-
sification guidelines were used in this study because the
Thailand Ministry of Public Health still reports cases annually
using this scheme.12 Acute and convalescent blood samples

were tested by dengue serological assays, including anti-
DENV IgM/IgG enzyme immunoassay (EIA) and/or hemag-
glutination inhibition assay, to differentiate primary infection
(the first DENV infection in an individual) and secondary
infection (any subsequent DENV infection after primary
infection).9,13–16 Because of enrolled patients being released

TABLE 1
Summary of clinical diagnoses by sex and age between KPPH and PMKH

Sex and age

KPPH (n = 11,082) PMKH (n = 1,065)

Diagnosis count (percent of KPPH total)

Total febrile cases

Diagnosis count (percent of PMKH total)

Total febrile casesDF DHF DSS DF DHF DSS

Female 3,562 (32.1) 1,993 (18.0) 32 (0.3) 5,587 (50.4) 395 (37.2) 49 (4.6) 26 (2.4) 470 (44.2)
£ 2 104 (0.9) 38 (0.3) – 142 (1.3) 20 (1.9) 2 (0.2) 1 (0.1) 23 (2.2)
3–10 826 (7.5) 353 (3.2) 5 (0.0) 1,184 (10.7) 100 (9.4) 15 (1.4) 9 (0.8) 124 (11.6)
11–17 1,364 (12.3) 785 (7.1) 9 (0.1) 2,158 (19.5) 270 (25.4) 30 (2.8) 15 (1.4) 315 (29.6)
18–60 1,168 (10.5) 775 (7.0) 17 (0.2) 1,960 (17.7) 5 (0.5) 2 (0.2) 1 (0.1) 8 (0.8)
60+ 100 (0.9) 42 (0.4) 1 (0.0) 143 (1.3) – – – –

Male 3,607 (32.5) 1850 (16.7) 38 (0.3) 5,495 (49.6) 519 (48.7) 45 (4.2) 31 (2.9) 595 (55.8)
£ 2 145 (1.3) 45 (0.4) – 190 (1.7) 14 (1.3) 3 (0.3) – 17 (1.6)
3–10 798 (7.2) 329 (3.0) 15 (0.1) 1,142 (10.3) 108 (10.1) 10 (0.9) 11 (1.0) 129 (12.1)
11–17 1,497 (13.5) 852 (7.7) 13 (0.1) 2,362 (21.3) 390 (36.6) 32 (3.0) 20 (1.9) 442 (41.5)
18–60 1,100 (9.9) 591 (5.3) 8 (0.1) 1,699 (15.3) 7 (0.7) – – 7 (0.7)
60+ 67 (0.6) 33 (0.3) 2 (0.0) 102 (0.9) – – – –

Total 7,169 (64.6) 3,843 (34.7) 70 (0.7) 11,082 914 (85.8) 94 (8.8) 57 (5.4) 1,065
DF = dengue fever; DHF = dengue hemorrhagic fever; DSS = dengue shock syndrome; KPPH = Kamphaeng Phet Provincial Hospital; PMKH = Phramongkutklao Hospital.

FIGURE 2. Population pyramid summary of patient age data at Kamphaeng Phet Provincial Hospital (KPPH) and Phramongkutklao Hospital
(PMKH).
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before collection of an acute and/or convalescent sample or
poor subject compliance, six samples were not tested using
serological assays from patients at PMKH and 573 samples
from KPPH. In addition, a randomly selected subset of sero-
logically interpreted acute blood samples were tested by
nested RT-PCR and/or viral isolation.9,13,14

Serological definitions. An acute primary DENV infection
(APDI) is defined as an infection where the ratio of DENV IgM
to IgG EIA units in acute and/or convalescent samples are
greater than or equal to 1.8, whereas an acute secondary
DENV infection (ASDI) would be less than 1.8. An acute DENV
infection (ADI) is defined as a single serum sample whose IgM
EIA unit is greater than or equal to 40.15,16

Statistical analysis. Descriptive statistics were used to
summarize the demographics, the distribution of cases over
the time, the differences in clinical diagnoses, DENV sero-
types, and the serological findings between two sites.

RESULTS

Study population by sex, age, and clinical diagnosis. Of
the 11,082 febrile patients that reported to KPPHand received
adengue related clinical diagnosis during the studyperiod, the
number of males and females were evenly distributed (49.6%,
and 50.4%, respectively) with patients from the 11–17 year
age-group making up the largest proportion of the KPPH
participants included in the study at 40.8% (Table 1, Figure 2).
The age range of the enrolled patient population at KPPH
during the study period was from 1 month to 95 years, with a
median age of 14 years. With regard to PMKH’s 1,065 febrile
dengue patients enrolled during the study period,malesmade
up a larger percentage of the cases at 55.8%, with the largest
proportion of PMKHparticipants included in the study coming
from patients in the 11–17 year age-group at 71.1%. The age
range of the PMKH patients reporting during the study period
was from 1 month to 76 years with a median age of 11 years.
At KPPH, dengue fever (DF) made up the largest proportion

of clinical diagnoses of enrolled males and females at 65.6%

and 63.8%, followed by DHF at 33.7% and 35.7%, and finally
DSSwhichwas < 1% for both sexes. Specifically, DF andDHF
was seen most commonly among the 11–17 year age-group
for both males and females enrolled in the study period at
KPPH representing 13.5% and 12.3% and 7.7% and 7.1% of
cases reported, respectively. TheDFandDHFdiagnoseswere
least common among males in the 60+ year age-group at
0.6% and 1.3%, respectively, whereas among females, DF
was the least common among the 60+ year old age-group at
0.9% and DHF among the £ 2 year age-group at 0.3%. There
were no cases reported of DSS among both genders in the £ 2
years age-group at KPPH, and a cumulative total of three DSS
cases, two male and one female, reported from the 60+ year
age-group at KPPH (Table 2, Figure 3).
Similar to KPPH, DF made up the largest proportion of

PMKH’s clinical diagnoses for enrolled males and females at
87.2% and 84.0%, followed by DHF at 7.5% and 10.4%, and
finally DSS at 5.2% and 5.5%, respectively. Like KPPH, DF,
and DHF were seen most commonly among the 11–17 years
old age-group for bothmales and females enrolled in the study
periodatPMKH representing36.6%and25.4%and3.0%and
2.8%of cases reported, respectively. No cases of DF, DHF, or
DSS were reported among both genders in the 60+ year age-
group at PMKH (Table 2, Figure 3). In addition, at PMKH, 5.4%
of enrolled patients were diagnosed with DSS, more than 7.7
times as many cases than KPPH at 0.7%.
Distribution of dengue serotypes during the study

period.During the studyperiod, therewere varyingpatterns of
which DENV serotypes were the predominate virus in circu-
lation based on location. For KPPH, from 2002 to 2005, a
mixed population of four DENV serotypes was observed, with
the number of cases between each DENV serotypes not ex-
ceeding 100. From 2006 to 2008, there was an emergence of
DENV-1 with 116, 211, and 279 cases, respectively (Figure 4).
In 2009, therewasa shift toDENV-2with 97cases, followedby
152 in 2010, 262 in 2011, and 240 in 2012. Beginning in 2013,
DENV-3 emerged and was the predominant serotype among
the study participants with 381 cases, followed by 433 cases

TABLE 2
Summary of serological interpretations with respect to age-group and clinical diagnoses among febrile cases

Age-group
Clinical

diagnosis

KPPH (n = 10,509)

Total

PMKH (n = 1,059)

Total

Serological interpretation (percent of KPPH total) Serological interpretation (percent of PMKH total)

APDI ASDI ADI NEG APDI ASDI ADI NEG

£ 2 DF 23 (0.2) 52 (0.5) 14 (0.1) 147 (1.4) 236 (2.2) 6 (0.6) 11 (1.0) 5 (0.5) 12 (1.1) 34 (3.2)
DHF 26 (0.2) 35 (0.3) 6 (0.1) 16 (0.2) 83 (0.8) 1 (0.1) 3 (0.3) – 1 (0.1) 5 (0.5)
DSS – – – – – 1 (0.1) – – – 1 (0.1)

3–10 DF 152 (1.4) 903 (8.6) 54 (0.5) 429 (4.1) 1,538 (14.6) 22 (2.1) 123 (11.6) 19 (1.8) 40 (3.8) 204 (19.3)
DHF 51 (0.5) 520 (4.9) 9 (0.1) 87 (0.8) 667 (6.3) 1 (0.1) 23 (2.2) – 1 (0.1) 25 (2.4)
DSS 1 (0.0) 16 (0.2) – 1 (0.0) 18 (0.2) – 18 (1.7) – 1 (0.1) 19 (1.8)

11–17 DF 167 (1.6) 1,862 (17.7) 45 (0.4) 592 (5.6) 2,666 (25.4) 70 (6.6) 456 (43.1) 37 (3.5) 96 (9.1) 659 (62.2)
DHF 51 (0.5) 1,309 (12.5) 19 (0.2) 188 (1.8) 1,567 (14.9) 3 (0.3) 50 (4.7) 1 (0.1) 8 (0.8) 62 (5.9)
DSS 1 (0.0) 17 (0.2) – 2 (0.0) 20 (0.2) 2 (0.2) 29 (2.7) 1 (0.1) 3 (0.3) 35 (3.3)

18–60 DF 27 (0.3) 1,389 (13.2) 29 (0.3) 712 (6.8) 2,157 (20.5) – 11 (1.0) – 1 (0.1) 12 (1.1)
DHF 8 (0.1) 1,030 (9.8) 15 (0.1) 241 (2.3) 1,294 (12.3) – 2 (0.2) – – 2 (0.2)
DSS – 16 (0.2) – 8 (0.1) 24 (0.2) – 1 (0.1) – – 1 (0.1)

60+ DF 1 (0.0) 69 (0.7) 1 (0.0) 94 (0.9) 165 (1.6) – – – – –

DHF 3 (0.0) 39 (0.4) – 29 (0.3) 71 (0.7) – – – – –

DSS – 1 (0.0) – 2 (0.0) 3 (0.0) – – – – –

Total DF 370 (3.5) 4,275 (40.7) 143 (1.4) 1,974 (18.8) 6,762 (64.3) 98 (9.3) 601 (56.8) 61 (5.8) 149 (14.1) 909 (85.8)
DHF 139 (1.3) 2,933 (27.9) 49 (0.5) 561 (5.3) 3,682 (35.0) 5 (0.5) 78 (7.4) 1 (0.1) 10 (0.9) 94 (8.9)
DSS 2 (0.0) 50 (0.5) – 13 (0.1) 65 (0.6) 3 (0.3) 48 (4.5) 1 (0.1) 4 (0.4) 56 (5.3)

ADI = acute DENV infection; APDI = an acute primary DENV infection; ASDI = acute secondary DENV infection; DHF = dengue hemorrhagic fever; DSS = dengue shock syndrome; KPPH =
Kamphaeng Phet Provincial Hospital; PMKH = Phramongkutklao Hospital.
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in 2014, and 379 cases in 2015. In 2017, DENV-4 was the
predominant serotype isolated with 186 cases, followed by a
re-emergence of DENV-1 in 2018 with 388 cases recorded.
For PMKH, DENV-1 was the most common serotype among
the study participants from 2002 to 2009 (41, 51, 34, 19, 38,
30, 51, and 37 cases, respectively). From 2010 to 2012, there
was a mixture of serotypes, all not exceeding 22 cases be-
tween each of them. In 2013 and 2015, DENV-3 was the most
isolated serotypeat 48and32cases, respectively, followedby
DENV-2 with 80 cases in 2017, and finally DENV-1 with 61
cases in 2018 (Figure 5).
Serological results by age and study site. To give po-

tential insights into the force of infection of DENV at the sites
in the study, an analysis was made to examine the pro-
portion of APDI, ASDI, and ADI with respect to the total
number of DENV cases at each site (Table 2, Figure 6). For
patients enrolled during the study period at KPPH and

PMKH, DF caused by an ASDI in the 11- to 17-year-old
cohort represented the largest portion of cases at 17.7%
and 43.1%, respectively. At PMKH, an ASDI was re-
sponsible for 68.7% of dengue related clinical diagnoses
among the enrolled patients in the study, which is 6.8 times
as much as the next serological profile seen at PMKH of an
APDI at 10.1%. At KPPH, an ASDI was responsible for
69.1% of dengue related clinical diagnoses among the en-
rolled patients in the study, which is 14.4 times as much as
the next serological profile seen at KPPH of an APDI
at 4.8%.
Serological interpretations of clinical diagnosis at each

site during the studyperiod.Serological interpretationswere
made fromspecimens suppliedbyboth study sitesover the16
years of the study to see if location-dependent trends would
emerge. At the KPPH site, a serological interpretation of ASDI
accounted for 63.2%, 79.6%, and 76.9% of DF, DHF, and

FIGURE 3. Bar chart of clinical diagnoses by sex and age between Kamphaeng Phet Provincial Hospital (KPPH) and Phramongkutklao Hospital
(PMKH).

FIGURE 4. Yearly distribution of dengue serotypes between 2002
and 2018 at Kamphaeng Phet Provincial Hospital.

FIGURE 5. Yearly distribution of dengue serotypes between 2002
and 2018 at Phramongkutklao Hospital.
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DSS cases, respectively, as compared with PMKH at 66.1%,
83.0%, and 85.7%, respectively (Table 2).
To determine the impact that DENV specimens from a

particular region within Thailand may have on traditional
laboratory analysis techniques, the serological interpreta-
tions (APDI, ASDI, and ADI) of patients during the study
period were compared with RT-PCR results (Table 3). For
KPPH, 53.1% of the serologically confirmed DENV cases
were positive for RT-PCR, compared with PMKH whose
RT-PCR positive specimens made up 82.4% of total DENV
isolates. The majority of positive DENV RT-PCR cases from
both KPPH and PMKH were made up of patients with DF as
a result of an ASDI, 26.7% and 54.3%, respectively. The
same trend is seen with RT-PCR–negative cases with
27.0% and 12.9% of ASDI patients from KPPH and PMKH,
respectively, being the largest cohort of negative results
(Table 3).
Clinical diagnosis compared with dengue serotyping

results. The results of DENV serotyping, using nested RT-PCR,
were compared between KPPH and PMKH to investigate if
there was a difference between subjects who presented with
DENV to their respective hospitals (Table 4, Figure 7). For
KPPH, DENV-1, DENV-2, DENV-3, and DENV-4 were present
acrossall clinical diagnostic categoriesat25.3%,26.9%,29.0%,

and18.8%, respectively,with theDENV-3DFpopulationmaking
up the largest proportion of diagnosed participants at 20.0%.
With regard to PMKH, DENV-1 was isolated at 41.1% across all
clinical diagnoses, followedbyDENV-3,DENV-2, andDENV-4at
23.4%, 21.5%, and 14.1%, respectively, with the DENV-1 DF
cohort making up the largest proportion of diagnosed partici-
pants at 34.6%.

DISCUSSION

All four serotypes of DENV were observed in both hospitals
across the study period (2002–2018), although the patterns of
emergence varied between the two locations. At PMKH,
DENV-1 proved to be the most common, whereas at KPPH,
DENV-1, DENV-2, and DENV-3 were predominant at varying
points across the study period.
With regard to the age of the patients, at both sites, the

11–17 year age-group provided the greatest proportion of
patients that participated in the study period. Interestingly,
the second most common age-group varied drastically be-
tween the two sites, with KPPH being 18–60, whereas PMKH
was 3–10. This variation could possibly be explained by
the collection of samples at both sites where PMKH received
their samples from their pediatric ward, whereas KPPH

FIGURE 6. Proportion of sero-interpretations with respect to age at Kamphaeng Phet Provincial Hospital (KPPH) and Phramongkutklao Hospital
(PMKH).

TABLE 3
Summary of nested RT-PCR results with respect to serological interpretations at KPPH and PMKH

Clinical diagnosis

KPPH n (percentage of total KPPH samples) PMKH n (percentage of total PMKH samples)

DENV PCR POS DENV PCR NEG DENV PCR POS DENV PCR NEG

APDI ASDI ADI APDI ASDI ADI APDI ASDI ADI APDI ASDI ADI

DF 268 (3.4) 2,129 (26.7) 53 (0.7) 102 (1.3) 2,149 (27.0) 91 (1.1) 87 (9.7) 485 (54.3) 51 (5.7) 11 (1.2) 115 (12.9) 10 (1.1)
Dengue
hemorrhagic
fever

101 (1.3) 1,642 (20.6) 16 (0.2) 39 (0.5) 1,295 (16.2) 33 (0.4) 5 (0.6) 64 (7.2) – – 13 (1.5) 1 (0.1)

Dengue
shock
syndrome

1 (0.0) 26 (0.3) – 1 (0.0) 24 (0.3) – 2 (0.2) 43 (4.8) – 1 (0.1) 5 (0.6) 1 (0.1)

Total 370 (4.6) 3,797 (47.6) 69 (0.9) 142 (1.8) 3,468 (43.5) 124 (1.6) 94 (10.5) 592 (66.2) 51 (5.7) 12 (1.3) 133 (14.9) 12 (1.3)
ADI = acute DENV infection; APDI = an acute primary DENV infection; ASDI = acute secondary DENV infection; DENV = dengue virus; KPPH = Kamphaeng Phet Provincial Hospital; PMKH =

Phramongkutklao Hospital.
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accessioned samples from both the pediatric and internal
medicine wards at their facility.
Analysis of the DENV cases seen at KPPH and PMKH

demonstrated that the ASDI serological profile was the most
common among participants enrolled in the study at 69.1%
and 68.7%, respectively, with the most common diagnosis,
DF, being seen in 66.3% of all enrolled study participants.
Differences, however, were seen when elucidating the se-
rotypes responsible for the clinical diagnoses at the two
hospitals. Among DF patient diagnoses, DENV-3 was the
most common serotype of study participants seen at KPPH
at 20.0%, as opposed to DENV-1 which was the most
common serotype of DF study participants seen at PMKH at
34.6%. In cases where DHF was the clinical diagnosis,
DENV-2, was the most common serotype of the study par-
ticipants seen at KPPH at 11.9%, whereas at PMKH, the
most common serotype among DHF study participants was
DENV-1 at 3.4%.
Whereas age and gender differences, in the patient pop-

ulation enrolled in the study, were observed between the pa-
tients reporting with DENV in the rural areas as comparedwith
those reporting to an urban hospital, the predominant clinical
diagnosis and serological profile among all febrile patients
enrolled in the study remained DF at 66.3% and an ASDI at
69.0%, respectively.

Because the study used passive surveillance for the ac-
quisition of the samples, one of the limitations is that the
hospitals at different locations and their respective policies for
the admission of dengue cases, military medical school hos-
pital at PMKH, and rural provincial government hospital at
KPPH introduced variations in the proportions of dengue ill-
nesses isolated in adults and children between the two sites,
making a direct comparison more difficult.
In determining what future efforts need to be studied

to elucidate the cause of the difference in serotypes be-
tween these two study sites, the effects of climate change on
DENV ecology and transmission dynamics should be evalu-
ated such as temperature, rainfall, and humidity. Analysis of
Thammapalo et al.17 by region showed that DHF incidence
was negatively associated with extra rainfall in the southern
region but was positively associated with elevated tempera-
tures in the central and northern regions. In addition, Watts
et al.18 and Kuno et al.19 have shown that vector efficiency of
Aedes aegypti increases with increasing temperature for DENV
allowing for a greater diversity of serotypes to be spread across
Thailand. Increasing temperatures also has an impact on viral
replication as Rohani et al.20 have shown that the time between
feeding and virus detection in the salivary glands of Aedes
aegypti decreased from 9 days at 26�C and 28�C to 5 days at
30�C for DENV-1 and DENV-4. Thus, examining how these

TABLE 4
Summary of clinical diagnosis compared with DENV nested RT-PCR serotyping results at KPPH and PMKH

Clinical diagnosis

KPPH n (percent of total KPPH isolates) PMKH n (percent of total PMKH isolates)

DEN1 DEN2 DEN3 DEN4 DEN1 DEN2 DEN3 DEN4

Dengue fever 822 (15.2) 801 (14.8) 1,082 (20.0) 599 (11.1) 308 (34.6) 159 (17.9) 185 (20.8) 109 (12.3)
Dengue hemorrhagic fever 533 (9.8) 646 (11.9) 483 (8.9) 412 (7.6) 30 (3.4) 25 (2.8) 14 (1.6) 10 (1.1)
Dengue shock syndrome 13 (0.2) 8 (0.1) 7 (0.1) 8 (0.1) 27 (3.0) 7 (0.8) 9 (1.0) 6 (0.7)
Total 1,368 (25.3) 1,455 (26.9) 1,572 (29.0) 1,019 (18.8) 365 (41.1) 191 (21.5) 208 (23.4) 125 (14.1)
DENV = dengue virus; KPPH = Kamphaeng Phet Provincial Hospital; PMKH = Phramongkutklao Hospital.

FIGURE 7. Proportion of dengue virus (DENV) serotypes with respect to clinical diagnosis at KPPH and Phramongkutklao Hospital (PMKH).
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serotypes have shifted over time with respect to the changes in
temperature over the study period could be explored.
Changes in precipitation can also impact the distribution of

dengue serotypes as these events provide habitats for the
aquatic stages of the mosquito life cycle and strongly influ-
ence vector distribution.21

Other weather variables, such as humidity and evaporation
rate, influence vector competence, biting behavior, and adult
mosquito survival.22 For example, in Thailand, ambient tem-
perature appears todefinea viable range for transmission, and
humidity amplifies the potential within that range. Eighty per-
cent of severe dengue cases over the period 1983–2001 oc-
curred when the temperature was 27–29.5�C and mean
humidity was > 75%.23

In addition, investigations could be made into the migration
history of these populations from rural to urban areas and vice
versa over the study period. Rabaa et al.24 after studying viral
lineages in Kamphaeng Phet found more genetic variation
across districts in a given year and within the same district
across different years. This led the researchers to conclude
that the importation of DENV by humanmovement from other
populations is therefore an important generator of DENV di-
versity even in hyperendemic areas.24 In addition, increases in
migration, travel, and trade can affect the distribution of vec-
tors and the virus by increasing the density of susceptible
individuals.22 So tracking the movement of these populations
could provide valuable insight into the changes in serotypes
that was witnessed.
Finally, examining how the change in demographics over

this decade and a half long study could show how the de-
viation in serotypes could have been established. Traditionally
in Thailand, rural households are composed of elderly parents
living with their adult children, as opposed to urban areas
wherein younger children are living with their parents. These
differences in family dynamics could be studied in an attempt
to determine the forces of infection for DENVand their specific
serotypes. In addition, Cummings et al.25 have shown that
lower birth and death rates decrease the flow of susceptible
individuals into the population and increase the longevity of
immune individuals.
These interactions between climatic, socioeconomic, and

other factors are complex, vary spatially and temporally and
could be further investigated to determine towhat degree they
influence DENV serotypes throughout Thailand.
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