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ABSTRACT

Background: Dengue remains a significant public health problem in tropical
and subtropical regions and is marked by dynamic hematological changes such
as thrombocytopenia, hemoconcentration, leukopenia, and altered differential
counts. These parameters vary across disease phases and may indicate severity
and prognosis. However, a comprehensive synthesis of their temporal trends
and clinical relevance is lacking. This review aims to systematically summarize
the progression and prognostic significance of hematological changes in dengue
infection. Objectives: The objective of this study is to systematically review
and synthesize the available evidence on dynamic hematological changes
occurring during different phases of dengue infection, evaluate the association
between key hematological parameters such as platelet count, hematocrit, and
leukocyte count with disease severity, and identify potential hematological
markers that may serve as predictors of complications and clinical outcomes.
Material and Methods: This study was conducted as a systematic review in
accordance with PRISMA guidelines. A comprehensive search of PubMed,
Scopus, and Web of Science was performed using predefined inclusion and
exclusion criteria to identify relevant observational and clinical studies on
hematological parameters in laboratory-confirmed dengue cases. Data on
platelet count, hematocrit, leukocyte indices, and related markers were extracted
and analyzed across disease phases and severity levels. Study quality was
critically appraised, and findings were synthesized qualitatively.

Results: Thrombocytopenia was the most consistent finding and was frequently
associated with disease severity, bleeding, and progression to dengue
hemorrhagic fever (DHF), with platelet count showing predictive value for
severe outcomes. Hemoconcentration and elevated hematocrit were linked to
plasma leakage, while leukopenia and lymphopenia were common and
associated with warning signs and severity. Additional markers, including Non-
Structural Protein 1 (NS1)-mediated complement activation, altered T-cell
subsets, elevated transaminases, and viral load, were related to severe disease.
Overall, dynamic hematological changes across disease phases underscored
their prognostic significance in dengue infection.

Conclusion: Current evidence suggests that dengue severity is influenced by
complex immune and viral factors, with warning signs, hematological changes,
Sequential Organ Failure Assessment (SOFA) score, transaminase elevation,
and persistent fever serving as key predictors of complications—underscoring
the importance of integrated clinical and laboratory monitoring for early risk
stratification.

Keywords: Dengue, Hematologic Tests, Thrombocytopenia, Leukopenia,
Hematocrit, Disease Severity, Prognosis.
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INTRODUCTION

Dengue is a rapidly expanding mosquito-borne viral
disease caused by the dengue virus and transmitted
primarily by Aedes aegypti mosquitoes.

Dengue is an acute, self-limiting systemic viral
illness transmitted by mosquitoes. Its rapidly
increasing global spread poses a major public health
and economic challenge, compounded by the limited
availability of effective vaccines, specific antiviral
therapies, and fully successful vector-control
measures (Simmons CP et al., 2012).01

Dengue has expanded markedly in both incidence
and geographic distribution, now affecting many
regions that were previously untouched. It continues
to be the leading arthropod-borne viral infection
impacting humans worldwide (WHO, 2009).2

The rapid growth of international air travel and
maritime trade has facilitated the long-distance
movement of insect disease vectors, bypassing
natural geographic barriers. Using a human—
environment framework that integrates global
transport data with climatic suitability, researchers
have shown that the spread of Aedes albopictus—a
laboratory-confirmed vector of multiple
arboviruses—closely follows major shipping and air
traffic routes. Its expansion has been largely
predictable based on climate compatibility and
transportation intensity, with higher traffic volumes
linked to newly established regions. In contrast,
Anopheles gambiae has shown limited spread beyond
Africa, likely due to comparatively lower outbound
sea traffic and historical air travel patterns (Tatem AJ
etal., 2006).

Dengue continues to expand in both geographic reach
and disease burden, yet its true global distribution
remains uncertain. Variations in diagnostic practices,
surveillance quality, and healthcare infrastructure
limit the reliability of individual data sources, leading
to inconsistencies in national dengue reporting across
international health agencies. By integrating multiple
sources of evidence, researchers have developed a
consensus-based map to better define the global
range of dengue and identify countries where its
status remains unclear (Brady OJ et al., 2012).14!
Dengue is caused by four related serotypes
transmitted by Aedes aegypti. While most infections
result in mild dengue fever, severe forms such as
dengue hemorrhagic fever and shock syndrome can
occur, particularly during secondary infection with a
different serotype. Increased vascular permeability
and coagulation abnormalities characterize severe
disease. Antibody-dependent enhancement, along
with host immune and genetic factors, plays a key
role in determining disease severity (Halstead SB,
1988).5

Dengue is a major global mosquito-borne illness with
presentations ranging from mild fever to severe
disease characterized by plasma leakage, bleeding,
and shock. The lack of specific treatment is due to
incomplete understanding of its pathogenesis. Severe

manifestations are linked to immune activation and
cytokine release, highlighting the need to better
define these mechanisms to develop targeted
therapies (Srikiatkhachorn A, et al., 2017).1%!

In acute Dengue, neutrophils become activated and
form neutrophil extracellular traps (NETs), which
can reduce viral infectivity. However, elevated NET
components and pro-inflammatory cytokines are
associated with severe disease, suggesting that
neutrophils have a dual role in both antiviral defense
and disease pathogenesis (Opasawatchai A et al,
2019).

In a prospective study of schoolchildren in Northern
Thailand, marked spatial and temporal variability
was observed in the symptomatic-to-inapparent (S:I)
dengue illness ratio across schools and transmission
seasons. The ratio was primarily influenced by the
current year’s dengue incidence and infection rates
from the preceding year, while no association with
age was identified. These findings suggest that
population-level virus—host interactions, potentially
mediated by heterotypic cross-reactive immunity,
may modulate disease severity, carrying important
implications for dengue vaccine development (Endy
TP et al., 2011).1%

Although numerous individual studies have
evaluated hematological alterations in dengue, a
comprehensive synthesis focusing on their temporal
trends and clinical implications is lacking. Therefore,
this systematic review aims to summarize the
dynamic changes in hematological parameters during
dengue infection and to evaluate their diagnostic and
prognostic  significance in improving patient
management.

Objectives

This study aims to systematically review and
integrate existing evidence on the dynamic
hematological changes across various phases of
dengue infection, examine the relationship between
key parameters—such as platelet count, hematocrit,
and leukocyte count—and disease severity, and
identify hematological markers that may predict
complications and clinical outcomes.

MATERIALS AND METHODS

This systematic review was conducted in accordance
with PRISMA guidelines. A comprehensive literature
search was performed in PubMed, Scopus, Web of
Science, and Google Scholar using the following
keywords: Dengue, Hematologic Tests,
Thrombocytopenia, Leukopenia, Hematocrit,
Disease Severity, and Prognosis. Eligible study
designs included randomized controlled trials, cohort
studies, case—control studies, cross-sectional studies,
meta-analysis and relevant review articles. Non-
English publications, studies without extractable data
or clearly defined outcome measures, as well as
editorials, commentaries, and conference abstracts,
were excluded.
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Titles, abstracts, and full texts were independently
screened by two reviewers, with disagreements
resolved by consensus. Data extraction and quality
assessment were performed independently using
standardized tools appropriate to study design. Due to
heterogeneity among studies, a qualitative synthesis
was conducted.

Records identified through database searching (n =
345)
l

Records after duplicates removed (n =290)

!
Records screened (n=290)

!
Records excluded (n=210)
— Non-English papers without extractable data
— Editorials and commentaries
— Conference abstracts
— Clearly irrelevant topics
— Lacked clear outcome measures

l
Full-text articles assessed for eligibility (n = 80)

l

Full-text articles excluded (n=53)
—No evaluable results
— Insufficient outcome data

Studies included in qualitative synthesis (n =27)
Figure : PRISMA Flow chart of Study Selection Process

RESULTS

Platelet Count

John KJ et al., 2019, reported that among 159
admitted dengue patients, 60.4% were male, with a
mean age of 31.3 £ 13.5 years; 10.7% had diabetes
and 2.5% were on immunosuppressants. Common
symptoms included vomiting (70.4%), myalgia

(60.4%), headache (42.1%), abdominal pain (38.4%),
bleeding (38%), and rash (37.1%). Median admission
values were hemoglobin 144 g/, platelets 31 x
10%/uL, WBC 4.9 x 10°/L, creatinine 64.05 pmol/L,
bilirubin 0.6 mg/dL, SGOT 149 U/L, and SGPT 92
U/L; the mean SOFA score was 3.27. Hepatitis
(65.8%), encephalitis (6.2%), and renal dysfunction
(5.6%) were present at presentation.

Logia P et al., 2023, reported that during the study
period, 9,817 patients were hospitalized with dengue.
Among 120 ICU patients with thrombocytopenia
(<100,000 cells/mm?), 31.6% developed clinically
significant bleeding (CSB). On multivariate analysis,
independent predictors of CSB were higher
Sequential Organ Failure Assessment (SOFA) score
(Adjusted Odds Ratio [aOR] 1.52), fever >38.3°C
(aOR 2.71), and prolonged aPTT >40 seconds (aOR
4.66). A predictive score based on these factors
showed good accuracy (Area Under the Curve [AUC]
0.81), with 81% sensitivity and 77% specificity.[!%
The findings by Ojha A et al., 2017, indicate that
platelet activation plays a key role in the development
of thrombocytopenia in dengue. Targeted modulation
of platelet activation may help prevent their
accelerated clearance during Dengue Virus (DENV)
infection.[']

A cross-sectional study of 130 confirmed dengue
cases in Pakistan identified 23 severe and 107
nonsevere infections. Severe cases commonly
presented with mucosal bleeding, fluid accumulation,
shock, and gastrointestinal bleeding. Key
hematological abnormalities associated with severity
were thrombocytopenia, leukopenia, and elevated
hematocrit (P < 0.001), with severe cases showing
marked thrombocytopenia (mean platelet count ~50
x 10°L). Clinical features combined with
hematological parameters are essential for assessing
dengue severity and guiding management (Haq FU et
al.,2023).01%)

Table 1: Summary of evidence on hematological abnormalities and severity indicators in Dengue

Author (Year) | Key Findings

John KJ et al., 159 patients; majority male. Common symptoms: vomiting, myalgia, headache. Marked thrombocytopenia (31 x
2019 103/uL); mean SOFA 3.27. Hepatitis, encephalitis, and renal dysfunction observed.

Logia P et al., 31.6% ICU thrombocytopenic patients developed significant bleeding. Predictors: higher SOFA, fever >38.3°C,
2023 prolonged aPTT. Predictive score AUC 0.81.

?d:l 7a Acetal, Platelet activation contributes to dengue thrombocytopenia; modulation may reduce platelet clearance.

Haq FU et al., . . . . 5

2023 Severe dengue linked to thrombocytopenia, leukopenia, elevated hematocrit; severe cases had ~50 x 10°/L platelets.

Hematocrit and Hemoconcentration

Plasma leakage in dengue results from interactions
among the virus, host immune responses, and
endothelial cells that disrupt vascular integrity.
Recent research highlights the influence of
angiogenic factors and virus-induced endothelial
changes. Understanding these mechanisms is
essential for developing effective preventive and
therapeutic strategies (Srikiatkhachorn A et al.,
2009).13

In a study by Chaloemwong J et al., 2018, among 154
dengue patients and 146 controls, dengue cases more

commonly had headache, nausea, anorexia, and
bleeding. They showed higher hemoglobin and
hematocrit (days 3—10), lower WBC (days 1-10) and
platelets (days 3—10), with early monocytosis, later
atypical lymphocytosis, and late eosinophilia. The
neutrophil-to-lymphocyte ratio was initially >1 but
reversed after day 5, unlike controls where it
remained >1.114

Among 515 patients, 333 had dengue hemorrhagic
fever (DHF) and 182 had dengue fever (DF). During
the acute phase, patients who progressed to DHF
showed significantly lower platelet counts and
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different hemoglobin levels compared to non-leakers,
while WBC, neutrophil, lymphocyte, and hematocrit
values were similar. By day 5, leakers had higher
WBC and hemoglobin but lower platelet counts.
Receiver Operating Characteristic (ROC) analysis
demonstrated that platelet count, particularly during
the acute phase, had good predictive value for
identifying DHF in both males and females
(Ralapanawa U et al., 2018).[1)

Among 150 suspected cases tested within days 1-5
of illness, 78 were NS1-positive; 37 were in the
febrile phase and 41 in the critical phase. Patients in
the critical phase showed leukopenia and
thrombocytopenia. Nine developed plasma leakage,
accompanied by elevated hemoglobin, hematocrit,
and liver transaminases, indicating more severe
disease (Jayadas TTP et al., 2019).1']

Table 2: summary of laboratory findings associated with severity and plasma leakage in Dengue

Author (Year) Key Findings

Srikiatkhachorn A et al, | Plasma leakage results from virus-immune-endothelial interactions disrupting vascular integrity;
2009 angiogenic factors and endothelial changes contribute to severity.

Chaloemwong J et al., 2018

Higher hemoglobin and hematocrit, lower WBC and platelets; early monocytosis, later atypical
lymphocytosis; neutrophil-to-lymphocyte ratio reversed after day 5 in dengue.

Ralapanawa U et al., 2018
identifying DHF.

DHEF cases had lower platelet counts in acute phase; platelet count showed good predictive value for

Jayadas TTP et al., 2019

Critical phase showed leukopenia and thrombocytopenia; plasma leakage associated with elevated
hemoglobin, hematocrit, and transaminases.

Leukocyte and Differential Counts

Oliveira EC et al., 2009, studied that in 543 DENV-3
cases from a 2007 outbreak, most had mild classic
dengue. Common findings were leukopenia,
thrombocytopenia, lymphocytopenia, and atypical
lymphocytosis. Dengue hemorrhagic fever showed
more prolonged thrombocytopenia and higher
atypical lymphocyte counts, with hematological
changes correlating with disease severity.[!”]

A retrospective study conducted at Aga Khan
University Hospital, Karachi (2001-2006) included
210 dengue IgM—positive patients (male: female ratio
1.6:1; mean age 29.7 years). On admission, 9% had
elevated hemoglobin/hematocrit, persisting in 2.1%
at discharge. Leukopenia with neutropenia was
observed in 26.6%, and thrombocytopenia in 77.1%.
Prolonged PT and APTT were noted in 2.5% and
16.7% of patients, respectively, while atypical
lymphocytes were present in 52%. Platelet
transfusion was required in 22.1% of cases. Most
patients (93.3%) recovered fully, whereas 3.3% died

due to dengue shock syndrome. The findings
highlight the importance of hematological
parameters in the evaluation and management of
suspected dengue cases (Ali N et al., 2007).1'8]

In a multi-centre study by Gupta BP et al., 2025,
found that leukopenia (21.5%) was significantly
associated with dengue with warning signs, while
thrombocytopenia (62.1%) was more common in
milder cases and showed only a weak link to severity.
Leukopenia correlated with joint pain, nausea, and
rash, and thrombocytopenia with retro-orbital and
abdominal pain. No association was found with age
or sex.['"]

Among patients, 65.9% had dengue without warning
signs, 26.9% had warning signs, and 7.1% had severe
dengue. Leukopenia (<4000 cells/mm?) occurred in
64.7% (lowest 1,440), and thrombocytopenia
(<150,000 cells/mm?®) in 40.5% (lowest 26,000).
Both were significantly associated with increasing
disease severity (p < 0.001) (Thapa B et al., 2025).(2%

Table 3: Summary of hematological patterns and severity correlation in Dengue infection

syndrome.

Author (Year) | Key Findings
A Most cases had mild classic dengue; common findings were leukopenia, thrombocytopenia, lymphocytopenia, and
Oliveira EC et . - . . .
al.. 2009 atypical lymphocytosis. DHF showed more prolonged thrombocytopenia and higher atypical lymphocyte counts,
” correlating with severity.
AliN et al Thrombocytopenia (77.1%) most common, followed by leukopenia with neutropenia (26.6%) and atypical
2007 " lymphocytosis (52%); elevated hemoglobin/hematocrit in 9%. Most recovered; mortality 3.3% due to dengue shock

Gupta BP et al., | Leukopenia (21.5%) significantly associated with warning signs; thrombocytopenia (62.1%) more common in
2025 milder cases with weak link to severity. No association with age or sex.

Thapa B et al.,
2025 (p <0.001).

Leukopenia (64.7%) and thrombocytopenia (40.5%) were significantly associated with increasing disease severity

Other Hematological Parameters

Soluble Non-Structural Protein 1 (NS1) triggered full
complement activation, which was further amplified
by NS1-specific antibodies; cell-associated NS1 also
activated complement in their presence. Higher
plasma levels of NS1 and terminal complement
complex, Soluble C5b-9 (SC5b-9) were associated
with greater disease severity. Elevated NS1, C5a, and

SC5b-9 were detected in pleural fluid of patients with
dengue shock syndrome (Avirutnan P et al., 2006).12]
Decreased levels of CD3, CD4, CD8, and CD5 cells
were significantly associated with the severity of
thrombocytopenia in dengue hemorrhagic fever (p <
0.05), indicating their possible involvement in a
shared pathogenic pathway (Fadilah SA et al.,
1999).221
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In the prospective cohort study by Sigera PC et al.,
2019, only 70% of clinically suspected cases were
confirmed as dengue, indicating overdiagnosis based
on symptoms alone. Reverse Transcription Loop-
Mediated Isothermal Ammplification (RT-LAMP)
showed diagnostic accuracy comparable to or better
than Reverse Transcription Quantitative Polymerase
Chain Reaction (RT-qPCR) and NSI1 testing. Early
dengue was characterized by lower lymphocyte
counts and higher Aspartate Aminotransferase (AST)
levels, and younger age with elevated AST predicted
later plasma leakage.?]

A 2024 prospective cohort study of 135 confirmed
dengue patients (with 2014—2023 retrospective data)
demonstrated a biphasic platelet decline, reaching a
nadir on day 6 and recovering by day O.
Thrombocytopenia (50% intermediate-low; 14.8%
very low) was significantly associated with
lymphocytosis and neutropenia (p < 0.001). Platelet
counts correlated with viral load, hematocrit, and
platelet indices including Mean Platelet Volume
(MPV), Platelet Large Cell Ratio (P-LCR), and
Plateletcrit (PCT). No patients developed severe
dengue despite marked thrombocytopenia (Guo L et
al., 2025).1241

The retrospective descriptive study by Azin FR et al.,
2012 included 154 serologically confirmed dengue
patients admitted to a tertiary referral hospital in
Fortaleza (January—May 2008), categorized as <15
years (n = 66) and >15 years (n = 88). Laboratory
evaluation showed thrombocytopenia and elevated
Aspartate Aminotransferase (AST) and Alanine
Aminotransferase (ALT) in classic dengue, while
dengue hemorrhagic fever and severe forms
additionally = demonstrated  hemoconcentration.
Abnormalities typically emerged by day 3, peaked
around day 5, and normalized by day 11, with more
pronounced changes in children and severe cases.?”
A retrospective cross-sectional study using Kairuki
Hospital laboratory data evaluated 255 suspected
dengue patients tested for dengue IgM and complete
blood count. Among them, 73.7% were dengue-
positive. Dengue patients had significantly lower
total white blood cell and lymphocyte counts
compared to non-dengue cases (p < 0.007), while
other hematological parameters showed no
significant differences. Lymphopenia independently
predicted dengue positivity (adjusted Odds Ratio
[OR] 5.26; 95% Confidence Interval [CI]: 2.28—12.2;
p <0.001) (Kalabamu FS et al., 2021).2

CONCLUSION

Logia P et al., 2023, concluded that fever >38.3°C,
prolonged aPTT, and higher SOFA scores
independently  predicted clinically significant
bleeding, and a score based on these factors can help
identify high-risk patients.!'"

Dengue mainly affected young males, with vomiting
and myalgia as common symptoms; 44.7% had
bleeding. Most cases occurred in October,

predominantly from Vellore. The mean SOFA score
was 3.27. Secondary infection and hepatitis were
common, and most patients had warning signs or
severe dengue. Elevated transaminases, severe and
secondary dengue were associated with major
bleeding, while older age, abnormal laboratory
parameters, and higher SOFA scores predicted
mortality. Overall mortality was 2.5% (John KJ et al.,
2019).”1

Severe dengue results from dysregulated immune
activation involving innate and adaptive responses.
The lack of targeted therapies and clear severity
predictors reflects incomplete understanding of key
mediators. Stage-specific approaches—early
antiviral therapy and later immunomodulation—may
be beneficial, but progress requires robust clinical
studies with advanced integrated analyses
(Srikiatkhachorn A et al., 2017).[9

Leukopenia may serve as an early marker of dengue
severity, whereas thrombocytopenia showed limited
predictive value. Further longitudinal studies are
needed to validate these findings and strengthen risk
models (Gupta BP et al., 2025).0'"]

Close monitoring of warning signs and clinical
parameters is essential to detect progression to the
critical phase of dengue, which typically emerges
around defervescence. Leukopenia and
thrombocytopenia are common findings and may
signal worsening disease at the time of emergency
presentation (Thapa B et al., 2025).2%

The study by Guo L et al., 2025, highlights viral
load—associated thrombocytopenia in dengue, with
predominantly =~ moderate  platelet  reduction
challenging conventional risk assessment. Integrated
monitoring of platelet indices and viral replication
may improve risk prediction and understanding of
platelet—virus interactions.[?*

Dengue patients demonstrated significantly lower
total white blood cell and lymphocyte counts than
non-dengue febrile cases. Lymphopenia emerged as
a key hematological predictor of dengue, and when
combined with clinical features, may help guide
decisions for confirmatory testing (Kalabamu FS et
al., 2021).12¢

In a study of 100 patients with dengue hemorrhagic
fever/dengue shock syndrome, 7 had concurrent
bacteremia while 93 had dengue alone. Dual
infection was associated with older age, prolonged
fever, acute renal failure, gastrointestinal bleeding,
altered consciousness, and shock. Acute renal failure
and fever lasting more than five days were identified
as independent predictors of bacteremia. These
findings emphasize the need for heightened clinical
suspicion and prompt management of possible
concurrent bacterial infection in high-risk dengue
patients (Lee IK et al., 2005).17)

Overall, current evidence indicates that dengue
severity and complications are driven by complex
immune and viral dynamics, with clinical warning
signs, leukopenia, thrombocytopenia patterns,
platelet indices, SOFA score, transaminase elevation,
and persistent fever serving as important predictors
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of bleeding, mortality, and co-infection—
highlighting the need for integrated clinical and
laboratory monitoring to enable early risk
stratification and timely management.

Strengthening translational research that bridges
laboratory findings with clinical outcomes will be
crucial to improving prevention, early detection, and
mortality reduction in dengue.
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