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Are viral loads in the febrile phase a predictive 2
factor of dengue disease severity?
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Abstract

Background As many studies have shown conflicting results regarding the extent of viraemia and clinical disease
severity, we sought to investigate if viraemia during early dengue iliness is associated with subsequent clinical disease
severity.

Methods Realtime PCR was carried out to identify the dengue virus (DENV serotype), in 362 patients, presenting
within the first 4 days of illness, from 2017 to 2022, in Colombo Sri Lanka. To characterize subsequent clinical disease
severity, all patients were followed throughout their iliness daily and disease severity classified according to WHO
1997 and 2009 disease classification.

Results 263 patients had DF, 99 progressed to develop DHF, and 15/99 with DHF developed shock (DSS). Although
the viral loads were higher in the febrile phase in patients who progressed to develop DHF than in patients with DF
this was not significant (p=0.5). Significant differences were observed in viral loads in patients infected with different
DENV serotypes (p=0.0009), with lowest viral loads detected in DENV2 and the highest viral loads in DENV3. Sub-
analysis for association of viraemia with disease severity for each DENV serotype was again not significant. Although
those infected with DENV2 had lower viral loads, infection with DENV2 was significantly associated with a higher risk
of developing DHF (p=0.011, Odds ratio 1.9; 95% Cl 1.164 to 3.078). Based on the WHO 2009 disease classification,
233 had dengue with warning signs (DWW), 114 dengue without warning signs (DWoWS), and 15 had severe dengue
(SD). No significant difference was observed in the viral loads between those with SD, DWW and DWoWS (p=0.27).

Conclusions Viral loads were significantly different in the febrile phase between different DENV serotypes, and do
not appear to significantly associate with subsequent clinical disease severity in a large Sri Lankan cohort.
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Background

Dengue, which was named as one of the top ten threats
to global health by the WHO, is the most rapidly increas-
ing mosquito borne viral infection [1]. As it is a climate
sensitive infection, due to the rise in global temperatures,
it is predicted that burden of dengue is likely to further
increase, resulting in potential overwhelming of the
health-care systems in further areas and countries [2].
As there is no effective treatment for dengue, all patients
with a suspected DENV infection are closely monitored
for early detection of complications for timely interven-
tions in the form of meticulous fluid management [3].

While most DENV infections result in asymptomatic
or mild illness, some individuals develop vascular leak-
age resulting in pleural effusions, ascites, shock and other
complications such as bleeding and organ dysfunction
[3]. The reasons for occurrence of vascular leakage and
other complications in some individuals are unknown,
but secondary dengue, pregnancy, presence of comor-
bidities such as diabetes, obesity and chronic kidney dis-
ease are known risk factors [4—6]. A dysfunctional innate
immune response that results in an impaired antiviral
immunity, with an enhanced proinflammatory response,
presence of poor quality non-neutralizing antibodies and
a sub-optimum T cell response are known to contribute
to severe disease [7, 8].

Although severe clinical disease manifestations occur
due to an aberrant and suboptimum immune response,
the dengue virus (DENV) is known to lead to induc-
tion of many inflammatory mediators and therefore,
directly contributes to disease pathogenesis [9]. There-
fore, targeting the DENV and inhibiting viral replica-
tion has been one of the main strategies for developing
a treatment for dengue [10]. However, many studies have
shown conflicting results regarding the extent of viraemia
and clinical disease severity. In a recent very large study
from Vietnam, it was shown that higher plasma virae-
mia increased the risk of severe disease, hospitalization
and plasma leakage, irrespective of the infecting serotype
and the immune status [11]. However, they also show
that although the viral loads were highest for DENV1
and lowest with infections with DENV2, infection with
DENV2 was associated with a higher risk of developing
severe dengue [11]. Another study from Vietnam showed
that viral loads during early illness was significantly less
in those with secondary dengue, although secondary
dengue is an important risk factor for severe disease [12].
A study from Indonesia showed that DENV3 was asso-
ciated with a higher risk of plasma leakage compared to
other serotypes and that there was a trend towards higher
viraemia in those who develop severe dengue [13]. Stud-
ies from Colombia and India showed that the viral loads
had no relationship with clinical disease severity [14, 15].
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The contradictory findings in different studies could be
due to different viral dynamics based on timing, differ-
ent genotypes of the virus, differences in host responses
based on genetic predisposition and ethnicities. As many
antiviral trials for dengue failed to show efficacy so far,
and as many trials are underway, it would be important
to understand if viral loads during early illness associate
with subsequent disease severity in different countries
and in different populations. In this study, we have char-
acterized the viral loads during early illness in patients
presenting to a large tertiary care hospital in Sri Lanka,
over a period of 5 years, to understand the relationship
between viral loads, different DENV serotypes and clini-
cal disease severity.

Methods

Patients with acute dengue infection

Adult patients (n=412) with suspected acute dengue
were recruited from the National Institute of Infectious
Diseases, Sri Lanka from September 2017 to September
2022 following informed written consent to the study.
Blood samples were collected from each patient, dur-
ing the first four days since onset of symptoms (days of
illness<4 days), which was during the febrile phase. A
second blood sample could only be collected from 149
patients between day 5 to 7 of illness for dengue antibody
assays, as some patients did not consent to obtaining a
second blood sample as they were bled several times each
day for routine investigations. Any patient who had fea-
tures of plasma leakage at the time of recruitment, were
excluded from the study, as we wished to assess the rela-
tionship of viral loads with subsequent disease severity,
including development of plasma leakage. To character-
ize clinical disease severity, all patients were followed
throughout their illness daily, and all clinical and labora-
tory features were recorded. 44 patients did not require
admission, while all other patients were admitted to hos-
pital. Ultrasound scans were done in all patients at the
time of admission to detect the presence of fluid leakage
and repeated daily until the patient recovered, to detect
the presence of any fluid leakage. If the patients showed
a rise in the haematocrit, with subsequent reduction in
platelet counts (these parameters were monitored on
a daily basis in all patients), ultrasound scans were per-
formed to detect pleural effusions and ascites.

Determining the DENV serotype and viral loads

Blood samples were centrifuged, and the obtained
serum samples were aliquoted and stored at -80 °C to
avoid repeated freeze-thawing. Viral RNA was extracted
from the serum using QIAmp Viral RNA Mini Kit
(Qiagen, USA, Cat: 52906). cDNA transcription was
performed with a high-capacity ¢cDNA reverse tran-
scription kit (Applied Biosystems, USA, cat: 4368814).
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Oligonucleotide primers, dual labelled probes for DEN
1 to 4 serotypes (Life Technologies, India) and TagMan
Multiplex Master Mix (Applied Biosystems, USA, Cat:
4461881) were used for the multiplex quantitative real-
time PCR in ABI 7500 real time PCR system (Applied
Biosystems, USA) as previously described [16]. The stan-
dard curve was generated using four gBlock fragments
with known copy numbers (Integrated DNA Technolo-
gies, USA).

Dengue IgM and IgG antibody assays

Dengue antibody assays were performed in 149 patients,
in whom a second sample could be collected between day
5 to 7 of illness, using a commercial capture-IgM and IgG
Enzyme- Linked Immunosorbent Assay (ELISA) (Pan-
bio, Australia). Results were interpreted according to
the manufacturer’s instructions. According to the WHO
2011 criteria, patients with an IgM: IgG ratio of >1.2
were classified as having primary dengue, while patients
with IgM: IgG ratio of <1.2 were categorized under sec-
ondary dengue [3].

Statistical analysis

Statistical analysis was done using GraphPad Prism ver-
sion 9.5.1 (Dotmatics, California, USA). As the data were
not normally distributed, differences in the viral loads
for different clinical disease severity and serotypes were
compared using the Mann-Whitney U test (two tailed).
The Kruskal-Wallis test was used to compare the viral
loads between different serotypes, when more than one
parameter was compared. Spearman rank order cor-
relation coefficient was used to evaluate the correlation
between variables including the association between viral
loads and laboratory parameters.

Results

Patient characteristics

The 412 adult patients were recruited on a median dura-
tion of day 3 (IQR 3 to 4 days) since onset of illness. The
DENV serotype was identified in 362 (87.9%) patients
who were included in the analysis. 50 patients tested
negative in qPCR serotyping and therefore were excluded
from the analysis. In order to determine the relationship
between viral loads in the febrile phase and subsequent
clinical disease severity, patients were classified as hav-
ing DF or DHE, according to the WHO 1997 criteria [3].
Analysis was also carried out by classifying them as hav-
ing dengue with warning signs (DWW), without warning
signs (DWoWS) and with severe disease (SD) according
to the WHO 2009 disease classification guidelines [17].
The clinical and laboratory characteristics of patients
when classified as DF/DHE, and DWW, DWoWS and SD
are shown in Tables 1 and 2. The mean age of those who
were recruited to the study was 33.02 years (SD+13.47)
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and median age 29 years. 234 (56.8%) patients were in the
20- to 40-year-old age group. There was no correlation
with the age and the viral loads during the febrile phase
of illness (Spearman’s R=-0.07, p=0.21).

According to the WHO 1997 guidelines, those who had
features of plasma leakage (pleural effusions or ascites
along with platelet counts<100,000 cells/mm? or a rise
in haematocrit of >20% were classified as having DHF.
None of the patients had pericardial effusions. As daily
ultrasound scans were done in all patients, to determine
the presence of fluid leakage and when they developed
fluid leakage, as per the National Management guide-
lines, serum albumin levels were not done [18]. Patients
with DHF, who had a narrowing pulse pressure<20 were
classified as having shock. Accordingly of the 362 PCR
positive patients, 263 patients had DF, 99 progressed to
develop DHF and of them 15 developed shock (DSS).
Among the 362 qPCR positive patients, 231 (63.8%) were
of males and 131 (36.2%) were of females, and 63 (27.3%)
of males developed DHF vs. 36 (27.5%) females. Over-
all, the viral loads were significantly higher (p=0.0021)
in males (median 5.72x10* copies/ul, IQR: 1.14x10°
copies/pl to 2.15x10° copies/pl.), compared to females
(median 5.47x10% copies/pl, IQR: 9.39x10' copies/pul
to 2.90x10° copies/pl). However, although males with
DF had significantly higher viral loads than females with
DF (p=0.003), no such difference was seen in males and
females with DHF (p=0.34). Based on the WHO 2009
disease classification, 233 had DWW, 114 DWoWS, and
15 had SD.

Viral loads at febrile phase and relationship with clinical
disease severity based on WHO 1997 disease classification
214 (59.1%) of patients were infected with DENV2, 91
(25.1%) with DENV1 and 54 (14.9%) with DENV3, while
DENV4 was not detected in any of the patients. Three
patients were found to be infected with two DENV
serotypes: DENV1 and DENV2 (n=2) and DENV2 and
DENV3 (n=1) and were not included in the analysis.
Although the viral loads were higher in the febrile phase
in patients who progressed to develop DHF (median
3.80x10* copies/ul, IQR: 1.36x10° copies/pl to 1.24x 103
copies/pl) than in patients with DF (median 2.13x10*
copies/pl, IQR: 1.58x10° copies/pul to 2.64x 10> copies/
ul), this was not significant (p=0.50) (Fig. 1A). There
were no significant differences in viral loads during the
febrile phase in those who progressed to develop DSS vs.
DHE and DF (p=0.79).

However, significant differences were observed in viral
loads in patients infected with different DENV sero-
types (p=0.0009) (Fig. 1B). The lowest viral loads were
detected in those infected with DENV2, while the highest
viral loads were observed in those infected with DENV3.
Although those infected with DENV2 had lower viral
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Table 1 Clinical and laboratory features of patients who were classified as having DHF and DF based on the WHO 1997 disease

classification

Clinical findings DF (n=263) DHF (n=99)

N% N%
Fever 243 (92.4) 96 (97.0)
Arthralgia 142 (54.0) 71 (71.7)
Myalgia 137 (52.1) 64 (64.6)
Flushing 13 (4.9) 7 (7.1
Rashes 2 0.8) 2 (2.0)
[tching 2 0.8 1 (1.0
Abdominal pain 51 (194) 38 (384)
Vomiting 61 (23.2) 31 (31.3)
Diarrhoea 75 (28.5) 40 (40.4)
Pleural effusion 0 14 (14.1)
Ascites in hepatorenal pouch 0 81 (81.8)
Hepatomegaly 1 0.4) 1 (1.0)
Petechiae 2 0.8) 1 (1.0)
Ecchymoses 0 0
Epistaxis 0 2 (2.0)
Haematemesis 0 0
Malena 1 0.4) 0
Bleeding from the site of venepuncture 0 0
Vaginal bleeding 4 (1.5) 7 (7.1)
Lowest platelet count /mm?
<20,000 8 (3.0 51 (51.5)
20,000 to 50,000 50 (19.0) 35 (35.4)
50,000 to 100,000 92 (35.0) 8.1
>100,000 110 (41.8) (4.0)
Lowest WBC count cells/pl
<2000 38 (14.4) 15 (15.2)
2000 to 5000 195 (74.) 76 (76.8)
>5000 28 (10.6) 7 (7.1

loads, infection with DENV2 was significantly associated
with a higher risk of developing DHF (p=0.0106, Odds
ratio 1.9; 95% CI 1.164 to 3.078), when compared to other
serotypes.

Significant differences were seen in the febrile phase
in viral loads of patients infected with different viral
serotypes, who subsequently progressed to develop
DHF (p=0.0331), (Fig. 1C) or DF (p=0.004), (Fig. 1D).
Although not significant, those who were infected with
either DENV2 or DENV3 and subsequently progressed
to DHE, had higher viral loads in the febrile phase than
those who had DF. In contrast, in those infected with
DENV], those who progressed to DHF, had lower viral
loads in the febrile phase than those who had DF. Due
to the differences in the viral loads seen between dif-
ferent serotypes, we carried out a sub-analysis to see if
viral loads were associated with disease severity for each
DENV serotype. There were no differences in the viral
loads in those with DF and DHF in those infected with
DENV1 (p=0.22), DENV2 (p=0.21) or DENV3 (p=0.25).

Although a second blood sample was obtained in 149 of
the initial cohort of patients, as the virus serotype could

only be determined in 147/149 patients, we only included
this cohort in the analysis of primary and secondary den-
gue. Accordingly, 49/147 (33.33%) had -primary dengue
(DF=40, DHF=09) and 98/147 (66.67%) had secondary
dengue (DF=51, DHF=47). There was no significant dif-
ference between the viral loads of those with primary and
secondary dengue during early illness (p=0.8609) (Fig. 2).
There was no difference between the viral loads in pri-
mary and secondary dengue in those infected with dif-
ferent DENV serotypes. However, the number of patients
infected with DENV1 (#=32) and DENV3 (n=23) who
were included in the analysis was too small for a mean-
ingful analysis. The incidence of DHF/DSS was higher
in patients with secondary infections (47.9%) compared
to those with primary infections (18.4%). Secondary
infections were significantly associated with developing
the DHF (p=0.0006, Odds ratio 0.24; 95% CI 0.1028 to
0.5714).

Association of viral loads with laboratory parameters
The viral loads in the febrile phase inversely correlated
with the lowest platelet counts of those who progressed
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Table 2 Clinical and laboratory features of patients who were classified as having severe dengue (SD), dengue with warning signs
(DWW) and dengue without warning signs (DWoWS) according to the WHO 2009 disease classification

Clinical findings SD (n=15) DWW (n=233) DWoWS (n=114)
N% N% N%

Fever 14 (93.3) 223 (95.7) 102 (89.5)

Arthralgia 10 (66.7) 152 (65.2) 51 (44.7)

Myalgia 9 (60.0) 143 61.4) 41 (36.0)

Flushing 1 6.7) 15 6.4) 4 (3.5

Rashes 1 6.7) 3 (1.3) 0

[tching 0 3 (1.3) 0

Abdominal pain 3 (20.0) 84 (36.1) 2 (1.8)

Vomiting 4 (26.7) 88 (37.8) 0

Diarrhoea 4 (26.7) 93 (39.9) 18 (15.8)

Pleural effusion 0 14 (6.0) 0

Ascites in hepatorenal pouch 8 (53.3) 73 (31.3) 0

Hepatomegaly 0 2 (0.9) 0

Petechiae 0 2 0.9 2 (1.8)

Ecchymoses 0 0 0

Epistaxis 0 2 (0.9 0

Haematemesis 0 0 0

Malena 0 1 (04) 0

Bleeding from the site of venepuncture 0 0 0

Vaginal bleeding 2 (13.3) 7 (3.0 2 (1.8)

Lowest platelet count /mm?

<20,000 7 (46.7) 52 (22.3) 0

20,000 to 50,000 3 (20.0) 82 (35.2) 0

50,000 to 100,000 1 6.7) 69 (29.6) 30 (26.3)

>100,000 3 (20.0) 30 (12.9) 81 (71.1)

Lowest WBC count cells/pl

<2000 3 (20.0) 36 (15.5) 14 (12.3)

2000 to 5000 (53.3) 182 (78.1) 81 (71.1)

>5000 3 (20.0) 15 6.4) 17 (14.9)

to develop DHF (Spearman’s R= -0.2393, p=0.0.0182)
(Fig. 3A), but not with their lowest leucocyte counts
(Spearman’s R= -0.0012, p=0.9908). No such association
was seen in those with DF for platelet counts (Spear-
man’s R=0.0118, p=0.8508) (Fig. 3B) or leucocyte counts
(Spearman’s R=-0.0410, p=0.5111). Liver enzymes (AST
and ALT) could only be done in 159 patients, as these
investigations were not routinely done throughout the
years in which the samples were collected. There was
no correlation seen with the viral loads and ALT (Spear-
man’s R= -0.0125, p=0.8766) (Fig. 3C) or AST (Spear-
man’s R= -0.0370, p=0.6440) (Fig. 3D). However, a
significant difference was observed in AST (p=0.0066)
and ALT (p=0.0008) levels between those who developed
DHF and DFE.

Viral loads and relationship with clinical disease severity at
the time of recruitment based on WHO 2009 criteria

No significant difference was observed in the viral loads
between those with SD, DWW and DWoWS (p=0.2722)
(Fig. 4A). However, significant differences were observed
with the viral loads for different DENV serotypes in

DWW (p=0.0028) (Fig. 4B, C and D). Overall, the viral
loads were lower with DENV2, compared to viral loads
due to DENV1 and DENV3 in patients of all clinical dis-
ease categories.

Discussion

In this study we have assessed the viral loads during
early illness, over a period of five years in a large cohort
of patients from Sri Lanka, who were followed up daily
throughout the course of their illness, to determine their
clinical disease severity. We used both the WHO 1997
and WHO 2009 to characterize disease severity and to
determine if viral loads were predictive of disease severity,
as different countries use different disease severity clas-
sification criteria. Using the WHO 1997 dengue disease
classification, we found that there was a trend towards
viral loads being higher in those who progressed to DHF
when infected with DENV2 and DENV3, although such a
trend was not seen when the WHO 2009 dengue disease
classification was used. Therefore, the viral loads did not
appear to associate with subsequent disease outcomes,
irrespective of the disease classification used. However,
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Fig. 1 Viral loads in patients with varying clinical disease severity and infected with different DENV serotypes. Viral loads in serum samples were measured
by gPCR in those with DF (n=261) and in those who progressed to DHF (n=98), during the febrile phase (A). Viral loads were compared in patients in-
fected with different DENV virus serotypes, DENV1 (n=91), DENV2 (n=214) and DENV3 (n =54) (B) in those with DHF (C) and DF (D) infected with different
virus serotypes. The Mann-Whitney test was used to compare the differences in viral loads between those with DF and DHF, while Kruskal-Wallis test was
performed to compare the differences in viral loads in those infected with different serotypes. All tests were two sided. Data are presented as median

values +/- interquartile ranges as appropriate

previous studies using different clinical disease severity
classifications have shown that viral loads at presentation
do in fact associate with subsequent disease severity in
children with low levels of DENV antibody titres [19]. A
large study in Vietnam too showed that higher viral loads
in the febrile phase was associated with an increased
risk of hospitalization and plasma leakage, although the
risk was modest [11]. Although we did not find viraemia
levels associate with disease severity, the viral loads did
inversely correlate with the extent of thrombocytopenia,
as shown in previous studies [20].

We found significant differences in the viral loads in
patients infected with different serotypes, with viral loads

being highest with DENV3 and lowest with DENV2. As
reported previously from a large study in Vietnam, and
many other studies, we found that DENV2 was asso-
ciated with lower viral loads, but with a higher risk of
developing DHF [11, 21]. Higher viral loads for DENV1,
followed by DENV3 has been shown in two previous
studies from Vietnam [11, 12] further showing that the
kinetics of viral loads significantly differ between the
DENV serotypes during early illness. As certain geno-
types of the DENV appears to associate with increased
disease severity (cosmological strain of DENV2) and with
certain neurological complications, it would be impor-
tant to further evaluate the differences in viral loads and
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kinetics for these different DENV genotypes [22, 23].
Furthermore, these differences in the viral loads and NS1
antigen levels of different DENV serotypes, have signifi-
cant implications when evaluating point-of care diagnos-
tics and antiviral drugs for dengue. Therefore, in such
evaluations, it would be important to carry out studies
across different geographical regions and populations,
which may have different circulating DENV serotypes
and genotypes.

Although many studies do not show a statistically sig-
nificant association with viral loads and clinical disease
severity, many have shown a trend towards increased dis-
ease severity when infected with DENV2 [11], which had
the lowest viral loads of the DENV serotypes. It is pos-
sibly due to greater immune evasive capacity by DENV2
infection, as strains of DENV2 have shown an enhanced
ability to inhibit type 1 interferon signaling compared to
other DENV serotypes [24]. Apart from these variations

seen between DENV serotypes and particular genotypes,
there is a huge individual variation between viral loads.
Our data along with many other studies show several log
differences of viral loads for different DENV serotypes in
patients with varying disease severity during the febrile
phase. Many factors such as the initial viral inoculum, the
incubation period, previous immunity, and presence of
comorbid illnesses have shown to affect viral loads [19,
25]. It was shown that the incubation period was shorter
in those with secondary dengue compared to primary
infection, supporting the role of antibody dependent
enhancement in disease pathogenesis [25, 26].

Although we analyzed the differences in viral loads in
the febrile phase in those with primary and secondary
dengue, the sample size was small and only a few patients
were infected with DENV1 and DENV3, to include in
analysis. However, our results were similar to the large
study done in Vietnam comparing viral loads in relation
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DHF (n=52). Spearman rank order correlation coefficient was used to evaluate the correlation between the viral loads and AST and ALT. All tests were

two sided

to immune status, which showed no difference in early
illness [11]. A previous study done in Vietnam and in
Singapore for evaluation of the antiviral effect of celgo-
sivir showed that the viral loads were not in fact differ-
ent in the early phase, but those with secondary dengue,
cleared the plasma viraemia earlier than those with pri-
mary dengue [12, 27]. Therefore, although patients with
secondary dengue have shorter incubation periods and
possibly higher viral infection in FcyR bearing cells, due
to antibody dependent enhancement, this is not reflected
in the viraemia seen in serum. This possibly suggests that
the viral loads and viral kinetics seen in serum may not
necessarily reflect the viraemia within immune cells and
tissues.

Conclusions

In summary, although the degree of viraemia leads to
severe disease, there is an important role played by the
host-immune response to which could lead to resolution
of infection or lead to immunopathogenesis. While use
of antivirals would be an important treatment strategy
for dengue, drugs that target certain immune mediators,
such as leukotrienes, chymase, tryptase, platelet acti-
vating factor, growth factors, cytokines and other lipid
mediators would be of potential benefit.
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Fig. 4 Viral loads in patients with varying clinical disease severity (classified according to the WHO 2009 disease classification) and infected with differ-
ent DENV serotypes. Viral loads between patients with SD (n=15), DWW (n=231) and DWoWS (n=113) were compared (A). Data of 3 patients who had
co-infection are not shown. Viral loads of different serotypes in patients with SD (n=15) (B), in those with DWW (n=231) (C) and in those with DWoWS
(n=113) (D) were also compared. Kruskal-Wallis test was performed to compare the viral loads among the three groups of varying severity and the in-
fected serotype. All tests were two sided. Data are presented as median values +/- interquartile ranges as appropriate and the p value is indicated
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