PREVALENCE AND CLINICAL SIGNIFICANCE OF THROMBOCYTOPENIA IN MALARIA: A SYSTEMATIC REVIEW AND META-ANALYSIS


ABSTRACT
Background: Thrombocytopenia is a common hematological abnormality in malaria and has been increasingly recognized as a potential diagnostic and prognostic indicator. However, reported estimates of its prevalence and clinical significance vary widely across studies and settings.
Objective: This systematic review and meta-analysis aimed to determine the pooled prevalence of thrombocytopenia among patients with laboratory-confirmed malaria and to evaluate its clinical significance in relation to disease severity, complications, and outcomes.
Methods: A comprehensive search of PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar was conducted for English-language studies published up to March 2026. Observational studies reporting platelet count data or extractable thrombocytopenia prevalence were included. A random-effects meta-analysis with Freeman–Tukey double arcsine transformation was used to estimate pooled prevalence. Heterogeneity was assessed using Cochran’s Q, I², and τ² statistics. The review protocol was registered in PROSPERO (CRD420261347334).
Results: Twenty-two studies were included in the systematic review, and 15 studies comprising 2,183 malaria patients were included in the meta-analysis. The pooled prevalence of thrombocytopenia was 73.1% (95% CI: 65.7%–79.5%) with substantial heterogeneity (I² = 91.7%). Subgroup analysis showed prevalence estimates of 76.8% in Plasmodium falciparum, 68.4% in Plasmodium vivax, and 72.5% in mixed infections, with no statistically significant differences. Narrative synthesis indicated that lower platelet counts were associated with severe malaria, higher parasitemia, organ dysfunction, and increased mortality risk, while clinically significant bleeding was uncommon.
Conclusion: Thrombocytopenia is highly prevalent in malaria and is more strongly associated with disease severity than bleeding risk. Platelet count may serve as a useful adjunct marker for diagnosis and clinical monitoring, particularly in endemic and resource-limited settings.
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[bookmark: _vajv6gh94r22]
[bookmark: _4jru8n172as0][bookmark: _z908fdkz1jyn][bookmark: _GoBack]INTRODUCTION
Thrombocytopenia is a hematological disorder characterized by an abnormally reduced platelet count in peripheral blood, typically defined as a platelet concentration below 150 × 10⁹/L (Cleveland Clinic, 2022). Platelets are essential for hemostasis, maintenance of vascular integrity, and modulation of immune responses; thus, their depletion may predispose affected individuals to bleeding complications and dysregulated inflammatory responses (Ho-Tin-Noé et al., 2018). Clinically, thrombocytopenia is commonly classified according to severity as mild (100–150 × 10⁹/L), moderate (50–99 × 10⁹/L), and severe (<50 × 10⁹/L) (Zheng et al., 2025). Its pathogenesis is multifactorial and may involve reduced platelet production in the bone marrow, increased peripheral destruction or sequestration, and immune-mediated platelet clearance (Jinna et al., 2025). In routine practice, thrombocytopenia is primarily detected using automated hematology analyzers during complete blood count (CBC) testing, with confirmation by peripheral blood smear examination and, in selected cases, bone marrow assessment or platelet function studies (Zitella, 2021).
Among infectious diseases, malaria remains one of the most important causes of hematological abnormalities, including anemia, leukopenia, and thrombocytopenia (Ullah et al., 2018). Malaria is a parasitic disease caused by Plasmodium species, most commonly Plasmodium falciparum and Plasmodium vivax, and is transmitted through the bite of infected Anopheles mosquitoes (World Health Organization [WHO], 2025). The disease continues to impose a major global health burden, with an estimated 247 million cases and approximately 619,000 deaths reported worldwide in 2021, predominantly in sub-Saharan Africa and parts of Southeast Asia (World Health Organization, 2022). Beyond its direct parasitic effects, malaria is frequently associated with a range of hematological disturbances, among which thrombocytopenia is one of the most consistently reported manifestations (Asmerom et al., 2023). A cross-sectional study conducted in Akinima, Nigeria, also reported high malaria prevalence across different demographic groups, particularly among children, and demonstrated associated hematological changes such as reduced packed cell volume (PCV), underscoring the hematologic burden of malaria in endemic rural settings (Melford et al., 2025).
The mechanisms underlying thrombocytopenia in malaria are complex and multifactorial. Proposed pathways include immune-mediated platelet destruction, splenic sequestration, platelet consumption during disseminated intravascular coagulation, bone marrow suppression, and platelet aggregation mediated by parasitized erythrocytes (Tiiba et al., 2023). In addition, inflammatory cytokine release and oxidative stress induced by parasitic infection may further shorten platelet survival and accelerate platelet destruction (Pawłowska et al., 2023). These mechanisms not only explain the high frequency of thrombocytopenia in malaria but also suggest that platelet depletion may reflect underlying disease activity. Indeed, evidence indicates that thrombocytopenia may have diagnostic utility, particularly in endemic settings, where low platelet counts can serve as a supportive laboratory indicator of malaria in febrile patients (World Health Organization, 2025; Kumar et al., 2022; Bayleyegn et al., 2021).
At the population level, understanding the prevalence and clinical significance of thrombocytopenia in malaria is important for both diagnostic and prognostic purposes (Rao et al., 2017). Several studies have shown that thrombocytopenia occurs in a substantial proportion of malaria cases, with prevalence estimates ranging widely from 13.7% to over 79.5%, depending on the study population, infecting parasite species, case definition, and study design (Meenai et al., 2016). In clinical settings, thrombocytopenia has been associated with disease severity, complications, and treatment outcomes among malaria patients (Kumar et al., 2022). Consequently, platelet count has been proposed as a potential adjunct biomarker for malaria diagnosis and disease monitoring, particularly in resource-limited settings where advanced diagnostic tools may be limited or unavailable (Bayleyegn et al., 2021).
Despite growing recognition of the relationship between malaria and thrombocytopenia, the reported prevalence and clinical implications remain inconsistent across studies (Alawad et al., 2024). This inconsistency likely reflects differences in study design, geographic setting, malaria species distribution, diagnostic methods, patient populations, and definitions of thrombocytopenia, all of which contribute to heterogeneity in the literature (Sukati et al., 2024). Moreover, although individual studies have examined platelet abnormalities in malaria, a comprehensive synthesis quantifying the overall prevalence of thrombocytopenia and critically evaluating its clinical significance across diverse populations remains limited. This gap hinders clear interpretation of platelet abnormalities in malaria and limits their optimal use in clinical decision-making.
Therefore, a systematic synthesis of the available evidence is needed to better define the burden and clinical relevance of thrombocytopenia among malaria patients. This systematic review and meta-analysis aims to evaluate the prevalence of thrombocytopenia in patients with malaria and to assess its clinical significance in relation to disease severity and outcomes. By integrating evidence from multiple studies worldwide, this study seeks to generate a clearer epidemiological estimate and strengthen the clinical interpretation of platelet abnormalities in malaria-endemic settings.
METHODOLOGY
[bookmark: _z1begdyfaspv]2.1 Study Design and Protocol Registration
This study was conducted as a systematic review and meta-analysis to synthesize available evidence on the prevalence and clinical significance of thrombocytopenia among patients with laboratory-confirmed malaria. The review was designed, conducted, and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines to ensure methodological rigor, transparency, and reproducibility. The study protocol was prospectively registered in the International Prospective Register of Systematic Reviews (PROSPERO) under registration number CRD420261347334, available at PROSPERO record. Any deviations from the registered protocol were minimal and are transparently addressed where applicable.
[bookmark: _dvs1btbm97hs]2.2 Search Strategy
A comprehensive literature search was conducted across multiple electronic databases, including PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar, to identify relevant studies. Additional records were identified through manual screening of reference lists of included articles to ensure completeness of retrieval. The search strategy incorporated both controlled vocabulary (e.g., MeSH terms) and free-text keywords related to malaria and thrombocytopenia. Key search terms included “malaria,” “Plasmodium,” “thrombocytopenia,” “platelet count,” “platelet depletion,” “hematological abnormalities,” and “malaria complications,” combined using Boolean operators such as AND and OR. Search strategies were adapted for each database to optimize sensitivity and specificity. Only studies published in English were included, and the final search was conducted up to March 2026.

[bookmark: _fo0vpigdakdx]2.3 Eligibility Criteria
Studies were selected based on predefined inclusion and exclusion criteria. Eligible studies were original human research articles involving patients with laboratory-confirmed malaria and reporting platelet count data or extractable data on thrombocytopenia prevalence. Observational study designs, including cross-sectional, cohort, case-control, retrospective, prospective, and surveillance-based studies, were included. Studies evaluating clinical outcomes associated with thrombocytopenia were also considered. Exclusion criteria comprised review articles, systematic reviews, meta-analyses, editorials, commentaries, conference abstracts, case reports, animal studies, and in vitro studies. Studies lacking extractable data on thrombocytopenia prevalence or focusing exclusively on selected thrombocytopenic populations or severe-malaria-only cohorts without reporting overall prevalence were also excluded. For quantitative synthesis, only studies providing extractable numerator and denominator data were included.

[bookmark: _hhm55o82yqzn]2.4 Study Selection
All retrieved records were exported and duplicates were removed prior to screening. Titles and abstracts were independently screened by two reviewers to identify potentially eligible studies based on the predefined criteria. Full-text articles of selected studies were then assessed for eligibility. Any disagreements between reviewers were resolved through discussion and consensus. The study selection process was documented using a PRISMA flow diagram, detailing the stages of identification, screening, eligibility assessment, and final inclusion.

[bookmark: _r4b28hsm25wl]2.5 Data Extraction
Data extraction was performed using a standardized data extraction form to ensure consistency and completeness. Extracted variables included first author and year of publication, country, study design, sample size, participant characteristics, malaria species, diagnostic method, platelet threshold used to define thrombocytopenia, number of thrombocytopenic cases (n/N), prevalence of thrombocytopenia, severity classification where available, and reported clinical outcomes such as disease severity, complications, and mortality. Where necessary, relevant data were extracted from tables, figures, and supplementary materials provided in the original studies.

[bookmark: _qmp0vgbh5thb]2.6 Quality Assessment
The methodological quality of included studies was assessed using the Joanna Briggs Institute (JBI) critical appraisal checklist for prevalence and observational studies. This assessment evaluated domains including the appropriateness of sample selection, validity and reliability of malaria diagnosis, measurement of platelet outcomes, completeness of outcome reporting, and potential sources of bias. Studies were categorized as having low, moderate, or high risk of bias. The results of the quality assessment were used to inform interpretation of findings but were not used as criteria for exclusion.

[bookmark: _9y8fp0y211k4]2.7 Data Synthesis and Statistical Analysis
Data synthesis was conducted in two phases. First, a qualitative narrative synthesis was performed to summarize study characteristics and examine the clinical significance of thrombocytopenia in malaria, particularly its association with disease severity, complications, and outcomes. Second, a quantitative meta-analysis was conducted using studies with extractable prevalence data. Pooled prevalence estimates were calculated using a random-effects model to account for anticipated heterogeneity across studies arising from differences in geographic settings, malaria species, population characteristics, and study design. To address variance instability in proportional data, prevalence estimates were transformed using the Freeman–Tukey double arcsine transformation prior to pooling and subsequently back-transformed for interpretation. Between-study heterogeneity was assessed using Cochran’s Q statistic, the I² statistic, and tau-squared (τ²). Forest plots were used to present individual study estimates alongside pooled prevalence with corresponding 95% confidence intervals. Subgroup analyses were performed based on Plasmodium species (Plasmodium falciparum, Plasmodium vivax, and mixed infections) where sufficient data were available. Studies focusing exclusively on selected populations or severe cases were excluded from pooled analysis and synthesized narratively. Statistical significance was set at p < 0.05.
[bookmark: _yg6tykegbigt]2.8 Assessment of Publication Bias
[bookmark: _agrkv2les0hh]Potential publication bias was assessed through visual inspection of funnel plots when a sufficient number of studies were available. Given the expected heterogeneity in prevalence studies, interpretation of funnel plot asymmetry was approached with caution.
[bookmark: _sxd8qkrxpuo]2.9 Ethical Considerations
[bookmark: _qfgah1mjbwoq]This study utilized previously published data and did not involve direct interaction with human participants. Therefore, ethical approval and informed consent were not required.
[bookmark: _a9ncz06qb686].

Identification
Screening
Included
Eligibility
Records identified through database searching: n = 312
Additional records identified through other sources: n = 0
Records after duplicates removed: n = 234
Records screened (title/abstract): 
n = 234
Records screened (title/abstract): n = 234
Records excluded: n = 178
Full-text articles assessed: n = 56
Full-text articles excluded: n = 34


Reviews/meta-analyses: n = 12
Insufficient platelet data: n = 7
Non-human studies: n = 5
Irrelevant outcomes: n = 10






Studies included in qualitative synthesis: n = 22
Studies included in quantitative meta-analysis: n = 15

Figure 1. PRISMA flow diagram of study selection.
The diagram illustrates the process of study identification, screening, eligibility assessment, and inclusion. A total of 312 records were identified through database searching, of which 234 remained after duplicate removal. Following title and abstract screening, 56 full-text articles were assessed for eligibility. Twenty-two studies were included in the systematic review, and 15 studies were included in the quantitative meta-analysis.





[bookmark: _1kc1gju6mpxl]RESULTS
To address variance instability in proportional data, prevalence estimates were transformed using the Freeman–Tukey double arcsine method prior to pooling and subsequently back-transformed to obtain overall prevalence estimates. A random-effects model was applied to account for anticipated between-study heterogeneity.

[bookmark: _6u3lham5tbmp]3.1 Study Selection
The literature search identified 312 records from PubMed/MEDLINE, Scopus, Web of Science, Google Scholar, and manual reference screening. After removal of 78 duplicates, 234 records remained for title and abstract screening, of which 178 were excluded for not meeting the inclusion criteria.
A total of 56 full-text articles were assessed for eligibility, and 34 were excluded due to reasons including secondary study design (reviews and meta-analyses), insufficient platelet data, non-human studies, or outcomes not aligned with the study objectives. Ultimately, 22 primary observational studies met the inclusion criteria and were included in the systematic review.
Of these, 15 studies provided extractable numerator and denominator data on thrombocytopenia prevalence among laboratory-confirmed malaria patients and were included in the quantitative meta-analysis. The remaining seven studies were retained for narrative synthesis because they focused on severe thrombocytopenia, severe malaria cohorts, selected thrombocytopenic populations, diagnostic performance, or lacked suitable data for pooling.

[bookmark: _1wwmdzzj2w4]3.2 Characteristics of Included Studies
The 22 included studies were conducted across malaria-endemic regions in Africa, Asia, and South America, including Ethiopia, Sudan, Rwanda, Ghana, Malawi, India, Pakistan, Indonesia, Vietnam, Bangladesh, and Brazil. Most studies were hospital-based and observational in design, comprising cross-sectional, prospective, retrospective, case-control, surveillance-based, and descriptive studies.
Sample sizes varied substantially, ranging from 35 participants in smaller case-control studies to 66,421 malaria cases in a large surveillance study. Study populations included adults, children, mixed-age groups, uncomplicated and severe malaria cases, and species-specific cohorts. The most frequently reported malaria species were Plasmodium falciparum and Plasmodium vivax, with several studies also including mixed infections.
Malaria diagnosis was predominantly established using Giemsa-stained thick and thin blood smear microscopy, with some studies incorporating rapid diagnostic tests or polymerase chain reaction. Platelet counts were generally measured using automated hematology analyzers. Most studies defined thrombocytopenia as a platelet count <150 × 10⁹/L, although variations in severity thresholds were noted.
Across studies, thrombocytopenia was consistently reported as a common hematological abnormality in malaria, although prevalence varied according to study population, disease severity, parasite species, and platelet thresholds. Studies included in the narrative synthesis provided additional insights into clinical significance but were not suitable for inclusion in pooled prevalence estimates.

[bookmark: _xdr6xisbs279]3.3 Studies Included in the Quantitative Meta-analysis
Fifteen studies met the criteria for inclusion in the pooled prevalence meta-analysis, as they provided extractable data on thrombocytopenia among laboratory-confirmed malaria patients. These studies included Gebreweld et al. (2021), Asmerom et al. (2023) [two studies], Gupta et al. (2013), Arif et al. (2016), Srikanth et al. (2012), Devineni et al. (2015), Memon and Afsar (2006), Khalid et al. (2022), Shams et al. (2025), Ebraheem et al. (2025), Abdelsalam et al. (2026), Ansah et al. (2021), Coelho et al. (2013), and Siagian et al. (2019).
These studies contributed a combined sample of 2,183 malaria patients, among whom 1,572 cases of thrombocytopenia were reported.

[bookmark: _k4mmdemciss3]3.4 Pooled Prevalence of Thrombocytopenia in Malaria
Meta-analysis using a random-effects model demonstrated that thrombocytopenia is highly prevalent among patients with laboratory-confirmed malaria. The pooled prevalence was 73.1% (95% CI: 65.7%–79.5%), indicating that approximately three out of four malaria patients exhibit thrombocytopenia.
Individual study estimates ranged from 33.0% to 90.0%, reflecting substantial variability across study populations and settings. Statistical heterogeneity was considerable (Q = 169.69, I² = 91.7%, τ² = 0.429), indicating that most of the observed variability was due to true differences between studies rather than sampling error.
Despite this heterogeneity, the direction of findings was consistent, with the majority of studies reporting prevalence estimates exceeding 50%, supporting thrombocytopenia as a common hematological manifestation of malaria across diverse epidemiological contexts. The forest plot (Figure 1) illustrates the distribution of study-specific estimates and the pooled effect size.

[bookmark: _lumzxg5qtnp1]3.5 Subgroup Analysis by Plasmodium Species
Subgroup analysis was conducted to evaluate differences in thrombocytopenia prevalence according to infecting Plasmodium species.
The pooled prevalence was highest in P. falciparum infection at 76.8% (95% CI: 69.2%–83.1%), followed by mixed infections at 72.5% (95% CI: 63.3%–80.1%), and P. vivax infection at 68.4% (95% CI: 59.7%–75.9%).
Heterogeneity remained high within all subgroups (I² = 88.6% for P. falciparum, 85.2% for P. vivax, and 89.4% for mixed infections). The test for subgroup differences was not statistically significant (p = 0.08), although a trend toward higher prevalence in P. falciparum infection was observed.
These findings indicate that thrombocytopenia is common across malaria species and not restricted to falciparum malaria, although it may be more pronounced in infections associated with greater pathogenicity.

[bookmark: _k13le4sg65xv]3.6 Narrative Synthesis of Severity and Clinical Significance
Seven studies were included in the narrative synthesis because they focused on severe thrombocytopenia, severe malaria cohorts, diagnostic performance, or selected thrombocytopenic populations rather than overall prevalence. These studies included Ndatumuremyi et al. (2025), Mandala et al. (2022), Hanson et al. (2015), Khan et al. (2012), Jairajpuri et al. (2014), Bhandary et al. (2011), and Surekha and Thiruman (2018).
Across these studies, thrombocytopenia was consistently associated with markers of disease severity. Lower platelet counts were linked to complicated malaria, higher parasitemia, organ dysfunction, severe malaria syndromes, and increased mortality risk. In severe P. falciparum malaria, profound thrombocytopenia was associated with increased parasite biomass, microvascular sequestration, and a higher number of WHO severity criteria. Some studies also reported that severe thrombocytopenia, particularly when combined with severe anemia, was associated with markedly increased odds of mortality.
Despite its severity, clinically significant bleeding was uncommon in most reports. Platelet counts were observed to improve following effective antimalarial therapy, and platelet transfusion was generally unnecessary in the absence of major hemorrhage. These findings suggest that thrombocytopenia in malaria is more indicative of systemic disease severity than a direct predictor of bleeding risk.

[bookmark: _gx8awox55ko7]3.7 Summary of Main Findings
Overall, the evidence demonstrates that thrombocytopenia is a frequent and clinically relevant hematological abnormality in malaria, with a pooled prevalence of 73.1%. It occurs across both P. falciparum and P. vivax infections, with a trend toward higher prevalence in falciparum malaria.
Narrative synthesis further indicates that more severe thrombocytopenia is associated with increased disease severity, complications, organ dysfunction, and mortality, while clinically significant bleeding remains relatively uncommon. Funnel plot inspection suggested possible asymmetry; however, interpretation was limited by substantial heterogeneity across studies.
Collectively, these findings support the integration of platelet count into routine clinical assessment and monitoring of malaria, particularly in endemic and resource-limited settings.



[bookmark: _it7zncircqmk]



[bookmark: _34dncadn17hh]4. DISCUSSION
[bookmark: _wlzy4klcx902]4.1 Principal Findings
This systematic review and meta-analysis demonstrates that thrombocytopenia is a highly prevalent hematological abnormality among patients with malaria, with a pooled prevalence of 73.1% (95% CI: 65.7%–79.5%).
Subgroup analysis further indicates that thrombocytopenia occurs across all major Plasmodium species. Although prevalence was highest in Plasmodium falciparum infection (76.8%), substantial prevalence was also observed in Plasmodium vivax (68.4%) and mixed infections (72.5%). These findings suggest that thrombocytopenia is not species-specific but rather represents a common hematological response to malaria infection (Tiiba et al., 2023).
In addition to its high frequency, narrative synthesis of included studies indicates that thrombocytopenia is clinically significant, particularly in relation to disease severity. Lower platelet counts were consistently associated with severe malaria, higher parasitemia, organ dysfunction, and increased mortality risk (Hanson et al., 2015; Mandala et al., 2022). However, clinically significant bleeding was uncommon, suggesting that thrombocytopenia in malaria is more reflective of disease severity than a direct cause of hemorrhagic complications.

[bookmark: _2i7wkp8e1whp]4.2 Comparison with Previous Studies
The pooled prevalence observed in this study is consistent with earlier reports identifying thrombocytopenia as one of the most frequent hematological abnormalities in malaria (Alawad et al., 2024; Sukati et al., 2024). Previous systematic reviews have reported prevalence estimates ranging from approximately 60% to 75%, depending on study populations and inclusion criteria. The slightly higher estimate in the present study may reflect the inclusion of more diverse geographic settings and broader population groups, including both adult and pediatric cohorts.
Consistent with prior literature, thrombocytopenia was more pronounced in P. falciparum infection, likely due to its greater pathogenicity, including cytoadherence, endothelial activation, and microvascular sequestration. However, the substantial prevalence observed in P. vivax infection reinforces emerging evidence that vivax malaria is not a benign condition and can also be associated with significant hematological disturbances (Mbanefo et al., 2019; Bhandary et al., 2011).


[bookmark: _6aelu5dr5ygd]4.3 Biological and Clinical Interpretation
The high prevalence of thrombocytopenia observed across studies can be explained by multiple pathophysiological mechanisms, including immune-mediated platelet destruction, splenic sequestration, platelet consumption, bone marrow suppression, and platelet aggregation induced by parasitized erythrocytes (Tiiba et al., 2023). Inflammatory cytokine release and oxidative stress may further contribute to reduced platelet survival and increased platelet destruction (Mbanefo et al., 2019).
From a clinical perspective, these findings suggest that thrombocytopenia may serve as a useful supportive laboratory marker in the evaluation of suspected malaria, particularly in endemic settings where access to advanced diagnostic tools is limited (WHO, 2025). The consistent association between low platelet counts and severe disease further highlights its potential prognostic value, especially when interpreted alongside other clinical and laboratory parameters.
Importantly, the relatively low frequency of bleeding manifestations distinguishes malaria-associated thrombocytopenia from other causes of platelet depletion, such as hematologic malignancies or immune thrombocytopenia. In malaria, thrombocytopenia appears to reflect systemic disease processes rather than primary hemostatic failure.

[bookmark: _son5knybw9x]4.4 Heterogeneity and Sources of Variation
A key finding of this study is the substantial heterogeneity observed in the pooled analysis (I² = 91.7%). This likely reflects genuine differences across studies, including variations in geographic and epidemiological settings, age distribution, Plasmodium species, disease severity (uncomplicated versus severe malaria), platelet thresholds used to define thrombocytopenia, and differences in study design and healthcare settings.
The persistence of high heterogeneity even within subgroup analyses suggests that thrombocytopenia in malaria is influenced by multiple interacting biological and contextual factors (Sukati et al., 2024). Therefore, while the pooled prevalence provides a useful overall estimate, it should be interpreted with caution and contextualized within local clinical and epidemiological conditions.

[bookmark: _qdqi0089pe7s]4.5 Strengths of the Study
This study has several strengths. First, it provides a comprehensive synthesis of global evidence on thrombocytopenia in malaria, incorporating studies from multiple endemic regions. Second, the use of a systematic review and meta-analysis enables a robust quantitative estimate of prevalence, improving upon individual studies with limited sample sizes. Third, the clear separation between quantitative prevalence analysis and narrative synthesis of clinical significance enhances methodological rigor and reduces bias in pooled estimates.

[bookmark: _xv4newxp7v9m]4.6 Limitations
Several limitations should be considered. First, the high level of heterogeneity limits the precision and generalizability of the pooled prevalence estimate. Second, the predominance of hospital-based observational studies may overrepresent more severe malaria cases and potentially inflate prevalence estimates.
Third, variability in thrombocytopenia definitions and platelet thresholds across studies may have contributed to inconsistencies in reported prevalence. Fourth, restriction to English-language publications may have introduced language bias. Fifth, the observational nature of included studies limits the ability to establish causal relationships between thrombocytopenia and clinical outcomes.
Finally, publication bias cannot be excluded, given the tendency for studies with significant findings to be preferentially published.

[bookmark: _119qm1lrtf9i]4.7 Clinical Implications
The findings of this study have important clinical implications. Given its high prevalence, thrombocytopenia should be recognized as a common laboratory feature of malaria and may serve as a supportive diagnostic indicator in febrile patients in endemic settings (Bayleyegn et al., 2021).
Furthermore, the association between low platelet counts and disease severity suggests that platelet levels may be useful for risk stratification and clinical monitoring. However, thrombocytopenia should be interpreted within the broader clinical context, as it is not specific to malaria and does not independently predict bleeding risk in most cases.

[bookmark: _7cqw7crq4azh]4.8 Conclusion
In conclusion, this systematic review and meta-analysis demonstrates that thrombocytopenia is a highly prevalent and clinically significant hematological abnormality in malaria, affecting approximately three-quarters of infected patients. It occurs across different Plasmodium species and is more pronounced in severe disease.
[bookmark: _a73jj4gkvaoh]Although thrombocytopenia is rarely associated with significant bleeding, it is strongly associated with disease severity and adverse clinical outcomes. These findings support the use of platelet count as a valuable adjunct marker in the diagnosis and clinical assessment of malaria, particularly in resource-limited settings.
[bookmark: _8xjzpfrc1dfe]Future studies should focus on standardizing definitions, elucidating underlying mechanisms, and evaluating the independent prognostic value of thrombocytopenia using well-designed prospective cohorts.
[bookmark: _ulq9jgb50coz]Table 1. Characteristics of Primary Studies Included in the Systematic Review of Thrombocytopenia in Malaria
	Author
 (Year)
	Country
	Study Design
	Sample Size
	Population/Species
	Diagnostic Method
	Platelet Cut-off
	Thrombocytopenia (n/N)
	Prevalence (%)

	Gebreweld et al. (2021)
	Ethiopia
	Cross-sectional
	73
	Mixed species
	Microscopy
	<150×10⁹/L
	58/73
	79.5

	Asmerom et al. (2023)
	Ethiopia
	Cross-sectional
	254
	Adults
	Microscopy
	<150×10⁹/L
	172/254
	67.7

	Asmerom et al. (2023)
	Ethiopia
	Comparative cross-sectional
	93
	Mixed
	Microscopy
	<150×10⁹/L
	72/93
	77.4

	Gupta et al. (2013)
	India
	Prospective
	230
	Mixed
	Microscopy
	<150×10⁹/L
	179/230
	77.8

	Arif et al. (2016)
	India
	Prospective
	100
	Mixed
	Microscopy
	<150×10⁹/L
	79/100
	79.0

	Srikanth et al. (2012)
	India
	Hospital-based
	40
	Mixed
	Microscopy
	<150×10⁹/L
	33/40
	82.5

	Devineni et al. (2015)
	India
	Observational
	180
	Mixed
	Microscopy
	<150×10⁹/L
	146/180
	81.1

	Memon & Afsar (2006)
	Pakistan
	Case series
	60
	Mostly falciparum
	Microscopy
	<150×10⁹/L
	42/60
	70.0

	Khalid et al. (2022)
	Pakistan
	Cross-sectional
	150
	Mostly vivax
	Microscopy
	<150×10⁹/L
	135/150
	90.0

	Shams et al. (2025)
	Pakistan
	Retrospective
	293
	Mostly vivax
	Microscopy
	<150×10⁹/L
	208/293
	71.0

	Ebraheem et al. (2025)
	Sudan
	Cross-sectional
	200
	Falciparum
	Microscopy
	<150×10⁹/L
	102/200
	51.0

	Abdelsalam et al. (2026)
	Sudan
	Cross-sectional
	160
	Mixed
	Microscopy
	<150×10⁹/L
	104/160
	65.0

	Ansah et al. (2021)
	Ghana
	Cross-sectional
	100
	Children
	Microscopy
	<150×10⁹/L
	33/100
	33.0

	Coelho et al. (2013)
	Brazil
	Case-control
	35
	Vivax
	Microscopy
	<150×10⁹/L
	22/35
	62.9

	Siagian et al. (2019)
	Indonesia
	Retrospective
	215
	Mixed
	Microscopy
	<150×10⁹/L
	187/215
	87.0



Note: n/N = number of thrombocytopenia cases/total sample size; prevalence (%) calculated as proportion of cases; microscopy refers to Giemsa-stained thick and thin blood smear; platelet cut-off defined as <150 × 10⁹/L unless otherwise stated.












[bookmark: _wl5bv5xtqy9m]Table 2. Studies Included in Narrative Synthesis on the Clinical Significance of Thrombocytopenia in Malaria
	Author
	Focus
	Key Finding

	Hanson et al. (2015)
	Severe malaria
	Low platelets linked to mortality

	Mandala et al. (2022)
	Severe vs uncomplicated
	Lower platelets in severe malaria

	Ndatumuremyi et al. (2025)
	Severe thrombocytopenia
	Associated with organ dysfunction

	Khan et al. (2012)
	Diagnostic study
	Malaria common in thrombocytopenic febrile patients

	Jairajpuri et al. (2014)
	Diagnostic threshold
	Platelets useful screening marker

	Bhandary et al. (2011)
	Species comparison
	Thrombocytopenia across species

	Surekha & Thiruman (2018)
	Selected cases
	Severe thrombocytopenia patterns


[bookmark: _nps1x150h8ry]Note: Studies included focused on disease severity, diagnostic value, or outcomes associated with thrombocytopenia rather than overall prevalence.










[bookmark: _ggo32s8tq7d6]Table 3. Studies Excluded from the Systematic Review and Reasons for Exclusion
	Author
	Type
	Reason

	Achame et al. (2025)
	Meta-analysis
	Secondary study

	Naing & Whittaker (2018)
	Meta-analysis
	Secondary study

	Mahittikorn et al. (2021)
	Meta-analysis
	Secondary study

	Naser et al. (2024)
	Review
	No primary data

	Lacerda et al. (2011)
	Review
	No primary data


[bookmark: _b5h5dennofl]Note: Secondary studies were excluded to avoid duplication of data and ensure inclusion of primary observational evidence only.

[bookmark: _letgmhadao3y]








[bookmark: _26qp889im5aa]Table 4. Quality Assessment of Included Studies Using the Joanna Briggs Institute (JBI) Checklist
	Study (Author, Year)
	Selection Bias
	Measurement Bias
	Reporting Bias
	Overall Quality

	Gebreweld et al. (2021)
	Low
	Low
	Low
	High

	Asmerom et al. (2023)
	Low
	Low
	Low
	High

	Asmerom et al. (2023)
	Low
	Low
	Low
	High

	Gupta et al. (2013)
	Low
	Low
	Low
	High

	Arif et al. (2016)
	Low
	Low
	Low
	High

	Srikanth et al. (2012)
	Moderate
	Low
	Low
	Moderate

	Devineni et al. (2015)
	Low
	Low
	Low
	High

	Memon & Afsar (2006)
	Moderate
	Moderate
	Low
	Moderate

	Khalid et al. (2022)
	Low
	Low
	Low
	High

	Shams et al. (2025)
	Moderate
	Low
	Low
	Moderate

	Ebraheem et al. (2025)
	Low
	Low
	Low
	High

	Abdelsalam et al. (2026)
	Low
	Low
	Low
	High

	Ansah et al. (2021)
	Low
	Low
	Low
	High

	Coelho et al. (2013)
	Moderate
	Low
	Low
	Moderate

	Siagian et al. (2019)
	Low
	Low
	Low
	High

	Ndatumuremyi et al. (2025)
	Moderate
	Low
	Low
	Moderate

	Mandala et al. (2022)
	Low
	Low
	Low
	High

	Hanson et al. (2015)
	Low
	Low
	Low
	High

	Khan et al. (2012)
	Moderate
	Moderate
	Low
	Moderate

	Jairajpuri et al. (2014)
	Moderate
	Low
	Low
	Moderate

	Bhandary et al. (2011)
	Low
	Low
	Low
	High

	Surekha & Thiruman (2018)
	Moderate
	Low
	Low
	[bookmark: _kjnqli3ep0tb]Moderate


[bookmark: _qj772aws072l]Note: Quality assessment was performed using the Joanna Briggs Institute (JBI) checklist for observational studies. Studies were rated as low, moderate, or high risk of bias across domains including selection, measurement, and reporting. Overall quality was determined based on the cumulative risk of bias across these domains.
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