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ABSTRACT

Background & objective: Severe dengue is a global health concern and immune dysregulation is a key contributor to
its pathogenesis. The aim of this schematic review was to review the association of the cytokine biomarkers mainly
interleukin-6 (IL-6), interleukin-10 (IL-10) and tumor necrosis factor-alpha (TNF-a) in immune dysregulation among
patients suffering from severe dengue.

Methodology: The review followed PRISMA 2020 guidelines. The literature was searched from PubMed, Scopus,
Web of Science, and Google Scholar up to August 2025. Qualified studies included those which measured IL-6, IL-10
or TNF- a in confirmed dengue patient. Meta-analysis was performed to assess standardized mean differences
(SMDs) for key cytokines. The risk of bias was determined using Newcastle-Ottawa Scale and the GRADE approach
was applied for certainty of evidence.

Results: Higher levels were observed, of IL-6 and IL-10 in severe dengue, and TNF-a with late complications in this
study. Meta-analysis correlated high levels of cytokines with severe dengue IL-6 (SMD =16.79, 95% Cl =-15.25-48.84),
IL-10 (SMD = 0.13, 95%CI = -0.37-0.63) and TNF-a (SMD = 0.53, 95% ClI = 0.25-0.82). The evidence confidence was
moderate and high by IL-6 and IL-10 and high in TNF-a respectively.

Conclusion: The levels of IL-6 and IL-10 were significantly high in severe dengue cases, but heterogeneity across
studies reduced the prognostic integrity. TNF-a emerged as a potent indicator of mild and severe dengue. To establish
the clinical uses of these biomarkers as a risk-stratifying tool, standardized, multicentric studies are needed to
validate these findings.
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1. INTRODUCTION

Dengue fever is a viral infection transmitted through the
bite of a female mosquito of Aedes specie.! Among
millions of infections reported each year, most of the
dengue cases are related to mild or asymptomatic dengue
fever (DF) whereas, some of these cases would develop
severe dengue, which includes dengue hemorrhagic
fever (DHF) and dengue shock syndrome (DSS) that had
high mortality rates.> The burden of severe dengue
remains a significant public health issue despite the
development of surveillance and supportive therapy.

Pathophysiologically, the worsening of mild to severe
dengue was explained by the immune dysregulation that
is characterized by a sudden release of cytokines and also
known as cytokine storm.* Cytokine storm is an
unregulated immune response to an infection which
leads to release of non-specific cytokines and
chemokines, causing severe clinical implications like
plasma leakage and shock syndrome.®

Interleukin-6 (IL-6) is a multifunctional cytokine whose
secretion is predominantly elicited by the macrophages,
endothelial cells, and fibroblasts, which is involved in
acute-phase response, B-cell differentiation, and fever
induction during infection pathogenesis. Interleukin-10
(IL-10) is an anti-inflammatory cytokine secreted mainly
by regulatory T cells and monocytes which inhibits pro-
inflammatory signaling to inhibit too much immune
activation. Activated macrophages and T lymphocytes
are the primary sources of tumor necrosis factor-alpha
(TNF-a), which facilitates inflammation, vascular
permeability and apoptotic signaling that causes tissue
damage in acute viral infections. Elevated levels of
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-
a), and interleukin-10 (IL-10) are associated with plasma
leakage, vascular damage, and coagulopathy.®

Due to their higher levels in infected patients, these
cytokines were considered as potential biomarkers for
early detection and management of dengue cases.’
However, cytokine expression profiles among
populations varied significantly depending on viral
serotypes and primary versus secondary infections
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compromising the reliability of these markers as
predictors of severity.®?

Prior reviews were informative in terms of cytokine
involvement in dengue severity, but these were scattered
and had disparate study designs, as well as lacked
synthesis that had been updated by more recent
prospective evidence.” There was a lack of systematic
assessment of cytokine profiles that would help elucidate
their prognostic capacity, and assist in evidence-based
risk stratification.!°

In this schematic review, latest findings on cytokines
levels and their pathophysiological role in dengue
confirmed patients was summarized. The aim of this
review was to establish the association of the cytokine
biomarkers mainly interleukin-6 (IL-6), interleukin-10
(IL-10) and tumor necrosis factor-alpha (TNF-a) in
immune dysregulation among severe dengue cases.

2. METHODOLOGY

This systematic review and meta-analysis were
conducted according to the PRISMA 2020 guidelines.!!
The purpose was to test the relationship between
circulating cytokines (IL-6, IL-10, and TNF- ) and
severe dengue.

The inclusion criteria involved human clinical studies
investigating the role of IL-6, IL-10, or TNF-o in
laboratory confirmed dengue patients. Original research
articles in English with reported outcomes as numerical
data on cytokines were then selected. Exclusion criteria
included a collection of animal or in vitro studies,
reviews, case reports, conference abstracts or studies that
did not include quantitative data on cytokine and studies
without full-text access.

A well-planned literature search was conducted using
different electronic databases such as PubMed, Scopus,
Web of Science, and Google Scholar databases for the
entries from 2020 to August 2025. The Boolean
operators were placed between the search terms of
“dengue”, “dengue virus”, “cytokine storm”, “immune
response”, “IL-6”, “IL-10”, “TNF- «”, and
“biomarkers”. The articles were selected and reference
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lists were searched manually to determine other qualified
studies. Two reviewers screened the titles, abstracts, and
the full documents against the inclusion criteria.
Differences were sorted out through discussion with a
third reviewer.

The data from the selected studies was extracted using
standardized form including characteristics of study,
sample size, demographics, cytokines assayed, research
techniques, statistical outcomes and key findings in
terms of pathophysiological assessments. Where
available, missing values were estimated based on the
available summary statistics, no imputation was done
based on data which was fully missing. Data in visual
form was displayed using the forest plots.

The risk of bias within the selection, comparability, and
outcome areas was determined using the Newecastle-
Ottawa Scale (NOS). In case of missing data, the risk of
bias was evaluated qualitatively. The GRADE approach
was used to evaluate the certainty of evidence
concerning each cytokine. The standard of evidence was
categorized as high, medium, low, or very low.

For homogenous data, meta-analysis was performed to
evaluate the levels of IL-6, IL-10 and TNF-o in severe
dengue patients as compared to mild dengue fever
patients or healthy individuals (DF/HI) by means of a
random-effects analysis.

The primary outcomes of continuous
results were reported in standardized

dysfunction in severe dengue

7 prospective, 4 cross-sectionals and 1 retrospective
study.!3-4

3. RESULTS

Among the four searched electronic databases and other
sources, 222 research articles were initially selected. The
number was reduced to 92 records after removing the
duplicates. Title and abstract screening further
eliminated 30 studies. From the remaining 62 articles, 22
were removed due to unavailability of access to the full-
texts. Further articles (28) were eliminated due to lack of
stratified cytokine data and studies including animals, in
vitro findings, reviews, case reports, or languages other
than English. Ultimately, twelve studies that passed the
inclusion criteria were included in this schematic review.
The PRISMA flow diagram presented in Figure 1
illustrates the selection process.

The systematic review included 12 human studies,
reported in the last five years, containing data from 1934
individuals (including HI, DF and severe dengue
patients) from eight countries including cross-sectional,
prospective and retrospective cohort studies. All studies
used laboratory-confirmed dengue cases and measured
levels of cytokines (IL-6, IL-10, and TNF-a) primarily

IDENTIFICATION OF STUDIES VIA DATABASES
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by comparing the cytokine levels in
DF/HI, w.r.t the data provided in included
articles, and severe dengue patients.
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Figure 1: PRISMA Flow Diagram for Study Selection.
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Table 1: Characteristics of included studies and reported cytokine levels

Study (Author,

year, Country)

Study Design &
Sample Size

Population
Characteristics

Cytokines
Measured
(Method)

Interleukin  levels

(DF/HI vs. SD)

pg/mL

Main Findings

Masyeni et al., | Cross-sectional, | Predominantly IL-6, IL-10, | DF:IL-6(129.79 £ 50.06), IL-10 | IL-6 and TNF-a are significantly
2024, Indonesia | n=64 female, TNF-a (172.43 + 83.37), TNF-a | higher in severe dengue
& Age 218 years | (ELISA) (126.41 + 252.69) whereas, lower levels of IL-10 as
old Severe Dengue: IL-6 (233.69 + | compared to DF. Suggests
111.27), IL-10 (172.43 + 83.37), | immune dysregulation central to
TNF-a (282.62 + 230.22) severity.
Prajapati et al.,, | Cross-sectional, | Mixed population; | IL-6,  IL-10, | DF: IL-6 (0.85 + 0.35), IL-10 | Only IL-6 significantly elevated in
2024, India n=125 Age groups TNF-a (0.86 + 0.42), TNF-a (0.75 + | severe dengue vs DF; Decrease
(0-20) years (20~ | (ELISA) 0.32) in platelets level is directly
40) years Severe Dengue: IL-6 (1.47 + | associated with disease severity
(40-60) years 0.46), IL-10 (1.16 + 0.62), TNF-
a(1.03 +£0.62) *
Bhatt et al, | Prospective Adults IL-6, IL-10 IL-6 (1.59 + 11.1), IL-10 (12.11 | IL-6 and IL-10 peaked earlier and
2024, India '® cohort, n=66 Age 218 years (Bio-Plex Pro- | +23.217), TNF-a (12.52+5.67) | remained elevated in severe
Human ** cases; Temporal profiles
Cytokine 17- predicted severity progression.
plex panel kit)
Espindola et al., | Retrospective Mixed population; | IL-6, IL-10 | HI: IL-6 (6.21 = 8.53), IL-10 | Secondary dengue cases
2024, Brazil ° study, n=259 Median age: 44 | (ELISA) (16.07 £ 23.28) showed earlier and higher
y (29-63) Severe Dengue: IL-6 (11.07 + | elevations of IL-6 and IL-10 in
41.07), IL-10 (21.72 + 37.88) severe forms; associated with
decrease in platelets and
warning signs.
Jiravejchakul et | Cross-sectional, Mixed population; | IL-6, TNF-a, | DF: IL-6 (5 + 3), IL-10 (200 + | IL-6 and TNF-a surges predicted
al., 2025, | n=47 Median age IL-10 150), TNF-a (40  0.9) vascular leakage and shock; IL-
Thailand 7 AD: 34 (19-63) (cytokine/che SD: IL-6 (7 % 5), IL-10 (350 + | 10 remained persistently high in
DF: 20.5 (8-65) mokine 250), TNF-a (40 + 10) severe dengue. Cytokine kinetics
DHF: 26 (15-38) magnetic bead accurately predicted disease
panels) outcomes.
McBride et al., | Prospective Adults; IL-6 DF: IL-6 (10.4 £ 49.18), IL-6 markedly elevated in shock;
2024, Vietnam | observational Age=16 years (Electrochemil Severe Dengue: IL-6 (63 z | Higher levels of IL-6 are directly
8 cohort, n=172 uminescence 345.51) " | associated with plasma leakage
immunoassay) in lungs.
Anh et al., 2025, | Prospective Mixed population; | IL-10 DF: IL-10 (46.3 + 88.7), During DENV-1 and DENV-2
Vietnam 1° cohort, n=306 Median age (ELISA) Severe Dengue: IL-10 (9.9 + | circulation, IL-10 was
DF: 45 (12-86) 2267.53) significantly elevated in severe
DWS: 47 (15-82) dengue; high IL-10 correlated
SD: 50.5 (19-80) with viraemia and prolonged
fever duration.
Puc et al., 2021, | Prospective Adults; IL-6, IL-10 DF: IL-6 (135.9 + 417.3), IL-10 | Elevated levels of IL-6 and IL-10
Taiwan 2° cohort, n=243 Median age (Cytometric (34.05 + 116.4), TNF-a (0.425 + | in DF patients; Identified IL-10 as
DF: 54 (18-86) Bean Assay) 1.441) a potential marker for DF.
DWS: 67 (26-93) SD: IL-6 (1447 + 3351), IL-10
SD: 71 (55-84) (32.01 + 65.55), TNF-a (2.23 +
7.317)
Li et al.,, 2025, | Prospective Children and | TNF-a TNF-a (18 + 5.2)** TNF-a alone is not suggested as
Philippines 2! cohort, n=244 young adults; (Multiplex a predictive biomarker; TNF-a is
Age (1-26) years Luminex® a late mediator of inflammatory
assay) complications
Goda et al, | Prospective Adults, IL-6 DF: IL-6 (10 £ 0.1) Elevated levels of IL-6 in severe
2024, India cohort, n=145 Age (18-65) | (ELISA) Severe Dengue: IL-6 (38 + 0.2) | dengue; IL-6 strongly correlated
years with cytokine storms leading to
vascular leakage
Nwe et al, | Cross-sectional Children & Adults | IL-6,  IL-10, | Severe Dengue: IL-6 (50 £ 10), | Higher levels of IL-10 and TNF-a
2022, Myanmar | cohort, n =167 TNF-a IL-10 (2.4 £ 1.07), TNF-a (1.7 + | are corelated with disease
23 (Cytokine/Che | 1.5) severity; IL-6 and TNF-a are
mokine/Growt Severe Dengue: IL-6 (55 + 20), | responsible cytokines for plasma
h Factor 45- | .10 (2.9 + 0.1), TNF-a (2.9 + | leakage.
Plex Human 0.1)
ProcartaPlex
Panel 1 kit)
Imad et al., | Prospective Adults IL-6, IL-10, | DF:IL-6 (0.5+0.2),IL.-10 (30« | IL-6 levels were significantly
2020, India 24 cohort, n=96 TNF-a  (Bio- | 20), TNF-a (38 + 20) elevated in severe dengue with
Plex Human | Severe Dengue: IL-6 (0.7 # bleeding;'Higher Ievelg of TN.F-q
Cytokine 0.5), IL-10 (40 + 10), TNF-a (45 | Were  involved in liver
Assay) +10) impairment.

Footnotes: Hl, healthy individuals. DF, mild dengue fever. ELISA, enzyme linked immunosorbent assay. IL-6, interleukin-6. IL-10, interleukin-10. TNF-
a, tumor necrosis factor-alpha. * Data was reported in OD units. ** Data was not sorted on the basis of disease severity.
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Prediction interval

[-98.85; 132.44]

Severe Dengue DFHI Std. Mean Difference Std. Mean Difference

Study Mean S0 Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
I

Mayseni et al., 2024 233.69 111.2700 32 12079 50.0600 32 126% 1.19] 0.66; 1.72] :
McBride etal., 2024 63.00 3455100 £} 10.40 49.1800 13 126% 0.34[-0.06; 0.73]
Imad etal., 2020 0.70 0.5000 a7 0.50 0.2000 59 126% 0.57[ 0.15; 0.99]
Puc etal. 2021 1447.00 3351.0000 53 135.90 417.3000 103 12.6% 0.66( 0.32; 1.00]
Jiravejchaku et al., 2025 7.00 5.0000 41 5.00 3.0000 15 126% 043[-0.17; 1.03] :
Godaetal., 2023 38.00 0.2000 15 16.00 0.1500 70 11.9% 136.65 [115.63; 157.67] | : -
Mwe etal., 2022 55.00 20.0000 39 50.00 10.0000 64 12.6% 0.34[-0.06; 0.74] 1
Espindola etal., 2024 1.07 41.0700 26 6.21 8.5300 233 12.6% 0.32[-0.09; 0.73]
Total (95% CI) 274 707 100.0% 16.79 [-15.25; 48.84] t

Heterogeneity: Tau® = 2124 5688; Chi” = 170,53, of = 7 (P < 0.0001); I¥ = 85.9%

Test for overall effect: Z = 1.03 (P = 0.3043)

-150-100-50 0 50 100 150

Figure 2: Forest plot comparing serum IL-6 levels between severe dengue and dengue fever (DF) or
hemorrhagic illness (HI) patients. Standardized mean differences (SMDs) with 95% confidence intervals were
calculated using a random-effects model (MetaAnalysisOnline Tool).

Severe Dengue DFHI Std. Mean Difference Std. Mean Difference
Study Mean SD  Toual Mean 8D  Total  Weight IV, Random, 95% CI IV, Random, 95% CI
I
Anh etal., 2025 46.30 88.7000 13 990 22675300 178 13.7% 0.02[-0.55; 0.58] I
Maysen etal. 2024 91.15 32.4900 32 17243 B83.3700 32 135% -1.27[1.81;-0.73]
Espindola etal., 2024 21.72 37.8800 26 16.07 23.2800 233 15.0% 0.22[-0.18; 0.63]
Imad et al., 2020 40.00 10.0000 37 30.00 20.0000 59 148% 0.58[0.17; 1.01]
Nwe etal., 2022 290 0.1000 39 240 1.0700 64 149% 0.59[0.18; 0.99]
Pucetal., 2021 320 65.5500 53 34.05 116.4000 103 15.5% -0.02 [-0.35; 0.31]
Jiravejchaku etal., 2025 350.00 250.0000 10 200.00 150.0000 32 122% 0.83[0.10; 1.56]
Total (95% CI) 210 701 100.0% 0.13[-0.37; 063]

Prediction interval

Heterogeneity: Tau” = 0.3888; Chi® = 33.78, df = 6 (P < 0.0001); I* - 84.9%

Test for overall effect: 7 = 0.52 (P = 0.6021)

[-1.52; 1.78]

15105005 1 15

Figure 3: Forest plot of IL-10 levels in dengue fever (DF) or hemorrhagic illness (HI) patients versus Severe
Dengue. Standardized mean differences (SMDs) with 95% confidence intervals were calculated using a
random-effects model (MetaAnalysisOnline Tool)

Severe Dengue DFHI Std. Mean Difference Std. Mean Difference
Study Mean S0 Total Mean S0 Total  Weight IV, Random, 95% Cl IV, Random, 95% Cl
Mayseni etal, 2024 28262 2302200 32 12641 2526900 32 18.1% 064[0.14;1.14] —"'—
Imad &tal., 2020 45.00 10.0000 £rl 38.00 20.0000 59 221% 0.41]:0.00;0.83] ——
Jiravejchaku etal., 2025 40.00 10.0000 10 40.00 0.8000 32 116% 0.00[-0.71;071] ——
Pucetal, 2021 223 73170 53 043 14410 103 26.5% 041[007;0.74] ——
Nwe etal., 2022 280 0.1000 39 1.70 1.5000 64 21.8% 1.00[058;143] —
Total (85% C) 1 290 1000%  053[025;082] -
Prediction interval [-0.21;1.27] —_—

1 T T 1

Heterogeneity: Tau’ = 0.0500; Chi” = 7.99,of = 4 (P = 0.0820); F = 49.9% 4 05 0 05 1

Test for overall effect; Z = 3.68 (P = 0.0002)

Figure 4: Forest plot of TNF-a levels in dengue fever (DF) or hemorrhagic iliness (HI) patients versus Severe
Dengue. Standardized mean differences (SMDs) with 95% confidence intervals were calculated using a

random-effects model (MetaAnalysisOnline Tool).

by enzyme-linked immunosorbent assay (ELISA) with
majority of the samples assessed at the acute or critically
ill stages. Table 1 presents the nature and the outcomes
of the chosen studies in evaluating the profile of

cytokines during severe dengue.

www.apicareonline.com

In all twelve studies, IL-6 levels were significantly
higher in patients with severe dengue as compared to
mild dengue fever (DF). Multiple studies revealed
substantially greater levels of IL-6 in severe dengue,
frequently accompanied by vascular leakage,
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Table 2: summary of sensitivity analysis and impact on heterogeneity
Cytokine Studies Initial Studies Adjusted Sensitivity Effect
Included heterogeneity Excluded Heterogeneity Approach Outcome
95.9% 36.1% Exclusion of | Effect size
the highest | consistent;
variance heterogeneity
study significantly
reduced
IL-10 7 84.9% 1 51.9% Exclusion of | Effect size
the highest | consistent; |2
variance value improved
study
TNF-a 5 49.9% 1 0% Exclusion of | Effect size
the highest | consistent;
variance heterogeneity
study reduced to zero

hypovolemic shock, or liver complications. Temporal
analyses proved that the IL-6 levels were higher at an
earlier stage and persists in advance stages of infection,
implying that IL-6 was a probable early predictive
biomarker. Nevertheless, absolute values varied across
inter-studies as  evidence of methodological
heterogeneity, especially regarding assay platforms and
measurements timings. The pattern of IL-10 varied more
across studies. Although a number of studies reported
relatively greater levels of IL-10 in case of severe
dengue, the rest reported comparably less and some
reported insignificant difference, when contrasting
dengue severe cases with DF/HI groups.

Kinetic models showed high levels of IL-10 in severe
dengue, and its positive correlation with viraemia and
prolonged fever. These results pointed to a dual action of
IL-10 as both an anti-inflammatory regulator as well as
a deregulator of the immune system. In the case of TNF-
a, low heterogeneity was observed. It was found to be
linked with severe dengue especially vascular leakage
and liver damage, with limited predictive power because
of its delayed expression. TNF-a used as a biomarker,
pooled prevalence, seemed to be more useful as an
indicator of disease progression, and not as a predictor of
early disease severity.

The meta-analysis was implemented to compare the
pooled effect estimates of the IL-6, IL-10, and TNF-q, in
comparing DF/HI and severe dengue. For quantitative
analysis, two studies with data reported in units other
than pg/mL and where data was not sorted on the basis
of disease severity were excluded. In the case of IL-6,
eight studies involving a total of 981 participants were
utilized. The pooled analysis showed a significant
difference between the IL-6 levels in severe and DF/HI
(SMD =16.79, 95% CI [-15.25; 48.84], p=0.3043). The
heterogeneity was quite high (I> = 95.9%) attributable to
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a certain variability in studies because of the variation in
assay procedures and measuring cytokines. The forest
plot in Figure 2 illustrated a consistent direction of effect
across most studies.

In the case of IL-10, data was utilized from seven studies
(n = 911). The meta-analysis had demonstrated robust
increase of IL-10 levels in severe dengue cases compared
with DF/HI (SMD =0.13, 95% CI [-0.37; 0.63], p > 0.5).
There was significant heterogeneity (12 =84.9%) because
the population cohorts were heterogeneous, and there
was variation between methods. The confidence
intervals were overlapping as indicated by the forest plot
(Figure 3) with only a few studies revealing a strong
relationship between IL-10 and the severity of the
disease.

For TNF-a, five studies (n = 461) contributed to data
analysis. The positive correlation between higher levels
of TNF-a, and disease severity was observed through
pooled effect analysis (SMD = 0.53, 95% CI [0.25 0.82]
= 0.0002). Heterogeneity was low (I> = 49.9%),
demonstrating the enhanced the credibility of the result.
The forest plot (Figure 4) represented that TNF-a, being
one of the most consistent immunological markers of
disease severity, had narrow confidence intervals and
strong agreement across the studies.

In general, the quantitative synthesis showed the roles of
IL-6, IL-10 and TNF-a to be steady biomarkers of
dengue severity, with TNF-o exhibited consistent
associations across locales. Such results were consistent
with the narrative synthesis and supported the hypothesis
that dysregulated pro- and anti -inflammatory cytokine
played a pivotal role in dengue pathophysiology.

Subgroup analysis of the three cytokines showed
different patterns in effect size and consistency when
compared. While IL-6 had the largest pooled effect size
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Table 3: Newcastle—Ottawa Scale (NOS) Risk of Bias Assessment

Study (Author, Year) Selection (max 4) | Comparability (max 2) Outcome (max 3) | Total (max 9)

Masyeni et al., 2024 4
Prajapati et al., 2024 Yok * * 4
Bhatt et al., 2024 *k Kk * *k 6
Espindola et al., 2024 Ak k * * ok 7
Jiravejchakul et al., 2025 | %k %% ** * %k 9
McBride et al., 2024 ok * *k 5
Anh et al., 2025 Je K Sk * ook 7
Puc et al., 2021 *k Kk * * % 6
Li et al., 2025 ok k ok * % Jok Kk 9
Goda et al., 2024 ok * * 4
Nwe et al., 2022 *kk * * %k 6
Imad et al., 2020 J ok * * 5

Moderate risk of bias, <4: High risk of bias.

Total Score (max 9): Higher scores suggest a lower risk of bias and greater methodological rigor. 7-9 stars: Low risk of bias, 4-6:

(SMD =16.79, 95% CI [-15.25; 48.84]), it also had very
high heterogeneity (I> = 95.9%), which reflected
significant variation in assay techniques and sampling
time points across studies. IL-10, on the other hand,
showed a small and statistically non-significant pooled
effect size (SMD = 0.13, 95% CI [—0.37; 0.63]) along
with equally high heterogeneity (I> = 84.9%), indicating
that its discriminatory value varied depending on the
setting. In contrast, TNF-o demonstrated a moderately
significant pooled effect size (SMD = 0.53, 95% CI
[0.25-0.82]) and less heterogeneity (I2 = 49.9%),
suggesting more consistent relationships between
studies.

Overall, the subgroup comparison revealed that although
IL-6 was the most elevated biomarker in severe dengue,
higher heterogeneity questioned its reliability. Similarly,
IL-10 also displayed poor consistency and heterogeneity
among the study groups undermining its reproducibility.
TNF-a, despite having a more moderate effect size, was
the most reliable and repeatable biomarker across
cohorts.

Table 2 presented sensitivity analyses to evaluate the
strength of the pooled estimates. In the case of IL-6, the
removal of a single study with the greatest variance
resulted in significant reduction 12 value from 95.9% to
36.1% whereas the overall effect size remained
consistent, suggesting the stability of the association.
Likewise, in the case of IL-10, eliminating one high-
variance study decreased the heterogeneity of the effect
from 84.9% to 51.9%, without changing the direction of
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the effect or its magnitude. In the case of TNF-a, removal
of one study had heterogeneity reduced from 49.9% to
0%, without changing the effect estimate. The results
established that pooled results were not single study
dependent and demonstrated robustness across cytokine
analyses.

The Newcastle- Ottawa Scale had been used to
determine the risk of bias and majority of the studies had
been rated as moderate risk to low risk. The included
studies had methodological diversity, which led to the
heterogeneity of involving variables in syntheses.
Moreover, the missing or selective disclosure of results
were also observed which could influence the overall
confidence of findings. The outcomes of risk of bias of
included studies were listed in Table 3. The certainty of
evidence was moderate for IL-6, IL-10 but high for TNF-
o across the studies, as rated by GRADE assessment.
Overall, the findings supported the potential roles of IL-
6, and IL-10 as predictive biomarkers of severe dengue
whereas, TNF-a was found as a predictor of disease
progression.

4. DISCUSSION

This systematic review examined the relation between
three main cytokines, namely, IL-6, IL-10, and TNF-a
and severe cases of dengue in 12 human studies carried
out between 2020 and 2025. The synthesis of both the
narrative and quantitative analyses supported the
conclusion that dysregulated expression of cytokines
was highly associated with disease progression. The
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results highlighted the reliability of IL-6 and IL-10 as the
most effective predictors of severity, whereas TNF-o was
stronger in proving progression and complications 2.
The combined analyses revealed that IL 6 levels were
very high in severe dengue than in DF/HI which was in
consonance with the narrative synthesis and previous
research that report that IL-6 was a contributor of
vascular leakage, shock, and hepatic involvement.?
Nevertheless, the pooled effect estimate was not very
accurate because of high heterogeneity in the studies,
mostly due to differences in assays, and inconsistent
timing when samples were collected. IL-10 showed a
significant trend of increase in severe dengue, but due to
inter-study heterogeneity the meta-analysis showed non-
significant, pooled effect.?” The synthesis proposed that
IL-10 was both an anti-inflammatory mediator and a
mediator of immune dysregulation, consistent with
previous data of dual IL-10 pathogenicity in virus
pathogenesis.?® TNF-o results were more consistent,
with the meta-analysis showing particular statistically
significant increase and low heterogeneity levels.”’
These findings suggested that TNF-a was a reliable
predictor of progression, especially with regard to
vascular and hepatic complications.*

The study heterogeneity was further analyzed through
subgroup analysis.>! Strong associations were observed
with IL-6 in prospective cohort studies and cohorts of
adults only, indicating that the dynamics of biomarkers
were dependent on the study design and the age of hosts.?
The variability in IL-10 was greatest among regions and
assay methods, which suggested that standardization of
laboratory protocols might improve the comparability in
the study outcomes.?* Subgroup factors had lower effects
on TNF-0, which increases TNF-a reliability.
Collectively, these findings endorse the use of IL-6 as an
early predictive marker, IL-10 as a regulator and TNF-a
as a progression marker in dengue infection 3%
Sensitivity analyses indicated that the quantitative
findings were strong and not caused by outlier
researches. Excluding high-variance studies
significantly lowered the heterogeneity across all
cytokines (IL-6: 95.9% to 36.1%; IL-10: 84.9% to
51.9%; TNF-a: 49.9% to 0%) but did not alter the effect
sizes, increasing confidence in the pooled
relationships.®®

According to Newcastle-Ottawa Scale, risk of bias for
majority of the studies was moderate to high among the
selected studies. The systematic implementation of the
GRADE tool enabled a balanced understanding of
certainty. The evidence of IL-6 and IL-10 was rated as
moderate, which suggested heterogeneity and
imprecision whereas, for TNF-o evidence was rated high
due to consistency and high precision of evidence.*
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Cytokine biomarkers might be used to detect severe
dengue at early stages, thus preventing mortality, but the
biomarkers had a number of issues that limit their use
within ~ clinical practice.’” Despite the lower
heterogeneity among the included studies, in this review,
the limitations persisted. Inconsistent severity
definitions (WHO 1997 vs WHO 2009) and non-uniform
sample sizes at the study level caused uncertainty and
also the variation in the profiles of infections (primary
versus secondary dengue).’®3? Another critical source of
variability was assay heterogeneity, in particular
between ELISA and multiplex platforms. Even at the
review level, some publication bias could not be ruled
out as there were chances that null results might be
under-reported.

For future direction, emphasis must be placed on the
need to involve large, multicentric, and standardized
cohort studies that combine the profiles of cytokines with
clinical and virological measures. Assay method
harmonization and harmonization of sampling time
points would further go a long way in reducing
heterogeneity and enhance the reliability of pooled
estimates. Moreover, longitudinal cytokine profiling had
potential benefits in the ability to better capture dynamic
immune responses and guide early-warning models.
Since IL-6 prediction had been observed and TNF-a
results were consistent, introducing IL-6 and TNF- in
clinical risk stratification models can be an opportunity
to move towards customized management of dengue as
well as other viral diseases.*’

5. CONCLUSION

In conclusion, this meta-analysis and systematic review
presented overall evidence that IL-6, IL-10, as well as
TNF-a are the main contributors immunopathogenesis in
severe dengue. IL-6 and IL-10 were reliable markers of
disease severity with methodological inconsistency,
whereas TNF-a was a consistent predictor of disease
progression. Despite these disparities in the definite
nature of evidence, these results indicated that cytokine
biomarkers continued to be actively considered as
potential indicator of disease diagnosis and treatment at
the onset of severe dengue effects.
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