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Highlights

Public health relevance—How does this work relate to a public health issue?

• Melioidosis frequently involves the liver and spleen, but the prevalence of hep-
atosplenic involvement has not previously been quantitatively synthesized.

• This systematic review and meta-analysis provides pooled estimates of hepatic, splenic,
and concomitant hepatosplenic involvement among patients with melioidosis.

Public health significance—Why is this work of significance to public health?

• Hepatic and splenic involvement affects approximately one in nine and one in
seven patients with melioidosis, respectively, highlighting a substantial burden of
visceral disease.

• Significant geographic variation was identified, with higher prevalence observed in
Southeast Asia than in Oceania.

Public health implications—What are the key implications or messages for practitioners,
policy makers and/or researchers in public health?

• These findings support consideration of abdominal imaging in patients with suspected
or confirmed melioidosis, particularly in endemic settings, to facilitate detection of
visceral involvement.

• Prospective multicenter studies using standardized imaging protocols are needed to
improve prevalence estimates and optimize clinical management.

Abstract

Background: Melioidosis is a potentially life-threatening infection caused by Burkholderia
pseudomallei. Hepatic and splenic involvement are recognized manifestations of dissemi-
nated melioidosis; however, reported prevalence varies considerably across studies, and
no quantitative synthesis has been available. This systematic review and meta-analysis
aimed to estimate the pooled prevalence of hepatic, splenic, and concomitant hepatosplenic
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involvement in patients with melioidosis. Methods: A systematic search of PubMed,
Embase, and Scopus was conducted from database inception to May 2026, following
the PRISMA 2020 guidelines. Observational studies reporting hepatic and/or splenic
involvement among patients with confirmed melioidosis were eligible. Random-effects
meta-analyses were performed to estimate pooled prevalence with 95% confidence intervals
(CIs). Subgroup analyses were conducted according to geographic region and age group.
Methodological quality was assessed using the Joanna Briggs Institute critical appraisal
checklist. Results: Fourteen eligible studies involving 1844 patients with melioidosis
were included. The pooled prevalence of hepatic involvement was 11% (95% CI, 6–18%;
I2 = 84.8%), splenic involvement was 15% (95% CI, 7–27%; I2 = 95.8%), and concomitant
hepatosplenic involvement was 13% (95% CI, 4–34%; I2 = 89.5%). Subgroup analyses
demonstrated significantly higher pooled prevalence of hepatic and splenic involvement
in Southeast Asia than in Oceania (p = 0.0164 and p = 0.0003, respectively). No significant
differences were observed between adult and pediatric populations for hepatic (p = 0.1607)
or splenic involvement (p = 0.8243). Most included studies were judged to have a mod-
erate risk of bias, and no evidence of small-study effects was identified for analyses of
hepatic or splenic involvement. Conclusions: Hepatic and splenic involvement are com-
mon manifestations of melioidosis, affecting approximately one in nine and one in seven
patients, respectively. Significant geographic variation suggests that disease burden is
greater in Southeast Asia than in Oceania. These findings support the routine consideration
of abdominal imaging in patients with suspected or confirmed melioidosis, particularly in
endemic regions, to facilitate early recognition of visceral involvement. Further prospective
multicenter studies using standardized imaging protocols are needed to refine prevalence
estimates and improve understanding of hepatosplenic melioidosis.

Keywords: melioidosis; Burkholderia pseudomallei; liver abscess; splenic abscess; hepatosplenic
involvement; prevalence

1. Introduction
Melioidosis is a potentially life-threatening infectious disease caused by Burkholderia

pseudomallei, a Gram-negative saprophytic bacterium endemic to Southeast Asia and north-
ern Australia, with an increasing number of reported cases from South Asia, China, Africa,
and the Americas [1]. Human infection is typically acquired through direct inoculation,
inhalation, or ingestion of contaminated soil or water. Clinical manifestations range from
localized infection to fulminant septicemia with multiple organ involvement, particularly
among individuals with diabetes mellitus, chronic kidney disease, excessive alcohol use, or
other immunocompromising conditions [1,2].

Visceral organ involvement is a characteristic feature of disseminated melioidosis, with
the liver and spleen representing the most commonly affected abdominal organs. Hepatic
and splenic abscesses may occur independently or simultaneously and are frequently
detected during abdominal ultrasonography or computed tomography (CT). Multiple
small abscesses involving both organs have been regarded as a characteristic radiological
feature of melioidosis in endemic regions and may provide an important diagnostic clue
in patients presenting with prolonged fever or sepsis [1,2]. Nevertheless, hepatosplenic
lesions are not pathognomonic and often resemble pyogenic abscesses, tuberculosis, fungal
infections, or metastatic malignancies, making accurate diagnosis challenging.

Several observational studies have investigated the frequency of hepatic and splenic
involvement among patients with melioidosis. For example, Currie et al. reported that
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visceral abscesses occurred in only a small proportion of Australian patients [3]. In con-
trast, studies from Thailand and Malaysia described substantially higher frequencies of
hepatic and splenic abscesses [4–8]. Likewise, Anunnatsiri et al. demonstrated that routine
abdominal imaging detected asymptomatic visceral abscesses in a considerable number
of patients, suggesting that organ involvement may be underrecognized without system-
atic imaging [4]. These findings indicate marked geographic variation in the reported
prevalence of hepatosplenic melioidosis.

Although previous studies have improved the understanding of visceral melioido-
sis, important knowledge gaps remain. First, most published studies are single-center
observational cohorts conducted in endemic regions with heterogeneous patient popula-
tions, diagnostic protocols, and imaging practices, resulting in considerable variation in
reported prevalence estimates [3–8]. Second, existing reviews, including the landmark
review by White (2003) [1] and the comprehensive review by Cheng and Currie (2005) [2],
primarily focused on the overall epidemiology, pathogenesis, diagnosis, and management
of melioidosis rather than specifically evaluating hepatic and splenic involvement. Third,
despite numerous cohort studies published over the past two decades, no systematic re-
view and meta-analysis has quantitatively synthesized the prevalence of hepatic, splenic,
and concomitant hepatosplenic involvement or explored sources of heterogeneity such as
geographic region and patient age.

Birnie et al. (2019) [9] conducted a systematic review and data synthesis of the global
burden of melioidosis and reported intra-abdominal abscesses in 18.3% of patients. How-
ever, these were analyzed as a composite outcome encompassing the liver, spleen, pancreas,
and other abdominal sites rather than as organ-specific manifestations. Thus, separate
pooled estimates of hepatic, splenic, and concomitant hepatosplenic involvement, including
potential variations by geographic region and age, remain insufficiently characterized.

To address these gaps, we conducted a systematic review and meta-analysis of obser-
vational studies reporting hepatic and splenic involvement in patients with melioidosis.
Specifically, this study aimed to estimate the pooled prevalence of hepatic, splenic, and
concomitant hepatosplenic involvement and to explore variations by geographic region
and age group. By providing organ-specific quantitative estimates, this study may improve
understanding of the epidemiological burden of hepatosplenic melioidosis and inform
future clinical and epidemiological research.

2. Materials and Methods
2.1. Study Design and Registration

This systematic review and meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines [10]
(Supplementary File S3). The review protocol was prospectively registered in the Inter-
national Prospective Register of Systematic Reviews (PROSPERO; registration number
CRD420261405642).

2.2. Eligibility Criteria

Studies were eligible if they enrolled human participants of any age with confirmed
melioidosis and reported the number or prevalence of hepatic involvement, splenic in-
volvement, or concomitant hepatosplenic involvement. Hepatic and splenic involvement
included liver abscesses, splenic abscesses, or concurrent hepatic and splenic abscesses
identified by imaging or surgical findings.

Eligible study designs included observational studies, namely cohort, case–control,
and cross-sectional studies, that provided sufficient quantitative data to calculate the preva-
lence of hepatic and/or splenic involvement. Case series were considered eligible when
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they included a defined group of patients with melioidosis and provided an appropriate
denominator from which prevalence could be calculated. Mixed-method studies were
eligible only when quantitative data relevant to the prevalence outcomes were separately
extractable; however, no mixed-method studies met the eligibility criteria for inclusion in
the final meta-analysis. Reviews, editorials, and letters without original quantitative data,
conference abstracts with insufficient information for data extraction and methodological
appraisal, and animal or in vitro studies were excluded. No restrictions were imposed on
publication year, language, or geographic region.

2.3. Information Sources and Search Strategy

A comprehensive literature search was performed in PubMed, Embase, and Scopus
from database inception to May 2026. Additional studies were identified through manual
screening of reference lists and forward citation searching of eligible articles. No language
or publication date restrictions were applied.

The search strategy combined controlled vocabulary terms and free-text keywords
related to melioidosis, B. pseudomallei, hepatic abscess, splenic abscess, hepatosplenic
abscess, and visceral melioidosis. The complete search strategies for each database are
provided in Supplementary File S1.

2.4. Study Selection

All records identified through the database searches were imported into reference
management software, and duplicate records were removed. Two reviewers independently
screened the titles and abstracts of retrieved records according to the predefined eligibility
criteria. Articles considered potentially relevant underwent full-text assessment for inclu-
sion. Full texts of potentially eligible articles were sought through the sources available
during the review. Reports for which the full text could not be obtained were classified
as not retrieved. The full texts were independently evaluated by the same reviewers to
determine eligibility. Any disagreements regarding study selection were resolved through
discussion and consensus.

2.5. Data Extraction

Two reviewers independently extracted data using a standardized data collection
form. The extracted information included study characteristics (author, year, country, study
design), patient demographics, underlying medical conditions, clinical manifestations,
laboratory findings, imaging characteristics, microbiological diagnostic methods, treatment
regimens, complications, mortality, recurrence, and clinical recovery. Any disagreements
during data extraction were resolved by consensus between the reviewers.

2.6. Risk-of-Bias Assessment

The methodological quality of the included studies was assessed independently by two
reviewers using the Joanna Briggs Institute critical appraisal checklist for studies reporting
prevalence data [11]. The checklist evaluates the appropriateness of the sampling frame
and recruitment process, adequacy of sample size, description and coverage of the study
population, validity and consistency of case and outcome measurement, appropriateness
of statistical analysis, and management of incomplete data. Each domain was rated as
“yes,” “no,” or “unclear,” with disagreements resolved through discussion and consensus.
For descriptive presentation, studies satisfying 8–9 domains were considered to have low
risk of bias, those satisfying 5–7 domains were considered to have moderate risk, and
those satisfying four or fewer domains were considered to have high risk. No study was
excluded solely based on its methodological-quality assessment.
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2.7. Outcomes

The primary outcomes were the pooled prevalence of hepatic involvement, splenic
involvement, and concomitant hepatosplenic involvement in patients with melioidosis.
Secondary outcomes included demographic characteristics, geographic distribution, under-
lying comorbidities, clinical manifestations, and diagnostic imaging findings. Subgroup
analyses were performed according to age group and geographic region.

2.8. Statistical Analysis

Meta-analyses of proportions were performed using R version 4.4.3 (R Foundation
for Statistical Computing, Vienna, Austria) with the meta package (version 8.5.0). For
each outcome, study-specific prevalence was calculated as the number of patients with
hepatic, splenic, or concomitant hepatosplenic involvement divided by the total number of
confirmed melioidosis cases. Pooled prevalence estimates and 95% confidence intervals
(CIs) were calculated using random-effects models with logit-transformed proportions
and inverse-variance weighting. Between-study variance (τ2) was estimated using the
DerSimonian–Laird method. Statistical heterogeneity was assessed using Cochran’s Q test
and the I2 statistic. Subgroup analyses were performed according to geographic region
and age group. Small-study effects were assessed by visual inspection of funnel plots and
Egger’s regression test when at least 10 studies were available. Leave-one-out sensitivity
analyses were performed by sequentially excluding each study and recalculating the pooled
prevalence and heterogeneity statistics to assess the influence of individual studies on the
overall estimates. A two-sided p < 0.05 was considered statistically significant.

3. Results
3.1. Included Study

The literature search identified 1888 records from PubMed (n = 530), Scopus (n = 659),
and Embase (n = 699). After removing 1118 duplicate records, 770 studies underwent title
and abstract screening. Of these, 365 records were excluded. Full-text reports were sought
for 405 records; however, 105 (25.9%) were unavailable through the sources used during
the review and therefore could not be assessed for eligibility. Consequently, 300 full-text
articles were assessed for eligibility. Following full-text assessment, 286 articles were ex-
cluded according to the predefined eligibility criteria, including case reports and case series
without an appropriate denominator or sufficient prevalence data, reviews, conference ab-
stracts, in vitro or animal studies, and studies without extractable data on hepatic or splenic
involvement. The numbers excluded for each reason are presented in the PRISMA flow dia-
gram (Figure 1). Ultimately, 14 studies met the inclusion criteria. No mixed-method studies
met the eligibility criteria for inclusion in the final meta-analysis. Of these, 10 reported
hepatic involvement, 10 reported splenic involvement, and 6 reported concomitant hepatic
and splenic involvement and were included in the corresponding meta-analyses.

3.2. Study Characteristics

The characteristics of the included studies are summarized in Table 1. The 14 eligible
studies were published between 2004 and 2025 and included a total of 1844 patients with
confirmed melioidosis [3–9,12–18]. The studies were conducted predominantly in Southeast
Asia, including Thailand (n = 5), Malaysia (n = 3), Laos (n = 1), China (n = 1), and India
(n = 2), with two additional studies from Australia and one from the Netherlands involving
imported melioidosis cases.
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Figure 1. PRISMA flow diagram.

Most studies employed retrospective observational cohort designs (n = 10), while three
were prospective cohorts or prospective observational studies, and one combined retrospec-
tive and prospective data collection. Study sample sizes ranged from 7 to 540 patients, with
the largest cohorts reported by Currie et al. (n = 540) [3], Anunnatsiri et al. (n = 356) [4],
and Prideaux et al. (n = 321) [15].

The study populations consisted primarily of culture-confirmed melioidosis, although
one study included patients with diabetes and Burkholderia pseudomallei septicemia, and an-
other evaluated imported melioidosis among returned travelers. Three studies exclusively
enrolled pediatric patients, whereas the remaining studies included predominantly adult
populations. The median or mean age ranged from 5 to 57 years, and males accounted for
the majority of participants in most studies, with reported proportions ranging from 50.0%
to 85.7%.

Diabetes mellitus was the most frequently reported underlying comorbidity, with
prevalence ranging from 3.3% to 100% among the included cohorts. Ten studies reported
data on hepatic involvement, ten on splenic involvement, and six on concomitant hepatic
and splenic involvement, enabling quantitative synthesis of these outcomes. Reported mor-
tality varied substantially across studies, ranging from 3.7% to 63.0%, reflecting differences
in study populations, disease severity, and clinical settings.
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Table 1. Characteristics of included studies.

Study [Ref] Country Study De-
sign/Setting

Study
Period Population Confirmed

Cases, n Age (y) Male, n/N
(%)

Diabetes,
n/N (%)

Hepatic,
n

Splenic,
n

Hepatic &
Splenic, n

Death,
n/N (%)

Anunnatsiri,
2023 [4] Thailand Retrospective

cohort 2011–2017
Culture-

confirmed
melioidosis

356 52.4 ± 12.5 56/74
(75.7)

50/74
(67.6) 43 52 24 10/74

(13.5)

Birnie, 2019 [9] Netherlands Retrospective
registry 1985–2018 Imported

melioidosis 33 Median 54
(21–83) 23 (70%) 8 (24%) 3 4 3 4 (12%)

Chanvitan,
2019 [5] Thailand

Retrospective
pediatric

diagnostic
study

2002–2014

Children < 16
years with
suspected

melioidosis

27 Median 8.4
(3.7–12.4)

15/27
(55.5) 6/27 (22.2) 8 6 NR 1/27 (3.7)

Churuangsuk,
2016 [6] Thailand

Retrospective
hospital-

based cohort
2002–2011

Microbiologically
confirmed

melioidosis
134 Median 49

(34–58)
93/134
(69.4)

63/134
(47.0) 26 28 NR 12/134

(9.0)

Currie, 2010 [3] Australia Prospective
cohort 1989–2009

Culture-
confirmed

melioidosis
540 49 372/540

(68.9)
213/540

(39.4) 15 28 NR 77/540
(14.3)

Dadheech,
2025 [12] India

Part-
retrospective,

part-
prospective

pediatric
cohort

2020–2025 Children ≤ 16
years 7 Median 5

(2–16) 6/7 (85.7) 0/7 (0) 2 NR NR 2/7 (28.6)

Deris, 2010 [7] Malaysia

Retrospective
bacteremic
melioidosis

cohort

2001–2005 Bacteremic
melioidosis 27 46.8 ± 20.0 20/27

(74.1)
19/27
(70.4) 3 1 1 17/27

(63.0)

Huson, 2020 [13] Laos
Prospective

observa-
tional study

2016 Febrile adult
inpatients 18 Median 53

(45–62)
11/18
(61.1) 8/18 (44.0) NR NR 5 NR

Lumbiganon,
2004 [14] Thailand

Retrospective
pediatric
treatment

series

1994–1999
Culture-proven

pediatric
melioidosis

30 6.8 15/30
(50.0) 1/30 (3.3) 2 3 2 3/30 (10.0)
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Table 1. Cont.

Study [Ref] Country Study De-
sign/Setting

Study
Period Population Confirmed

Cases, n Age (y) Male, n/N
(%)

Diabetes,
n/N (%)

Hepatic,
n

Splenic,
n

Hepatic &
Splenic, n

Death,
n/N (%)

Prideaux,
2025 [15] Australia

Prospective
clinical
cohort

2016–2024
Culture-

confirmed
melioidosis

321 Median 57
(46–69)

212/321
(66.0)

163/321
(51.0) 20 16 NR 31/321

(9.7)

Quan, 2014 [16] China Retrospective
cohort NR

Diabetes with B.
pseudomallei
septicemia

39 49.7 ± 5.6 32/39
(82.1)

39/39
(100) NR NR 18 10/39

(25.6)

Saravu, 2010 [17] India Retrospective
adult cohort 2001–2007 Culture-proven

melioidosis 25 Median 45
(32–54)

20/25
(80.0)

17/25
(68.0) NR 6 NR 2/25 (8.0)

Sia, 2021 [18] Malaysia Retrospective
adult cohort 2011–2016

Culture-
confirmed adult

melioidosis
129 46 123/148

(83.1)
63/129
(49.0) NR 80 NR 45/148

(30.4)

Zueter, 2016 [8] Malaysia
Retrospective

hospital-
based cohort

2001–2015 Confirmed
melioidosis 158 44.8 132/158

(83.5)
118/158

(74.7) 19 NR NR 52/158
(32.9)

NR: not reported.
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3.3. Pooled Prevalence of Hepatic and Splenic Involvement

Ten studies involving 1633 patients with confirmed melioidosis reported hepatic
involvement (Figure 2A). Individual-study prevalence ranged from 3% in the Australian
cohort reported by Currie et al. [3] to 30% in the pediatric cohort reported by Chanvitan
et al. [5]. The random-effects pooled prevalence of hepatic involvement was 11% (95% CI,
6–18%), with substantial between-study heterogeneity (I2 = 84.8%, p < 0.001).

(A) 

 
(B) 

 
(C) 

Figure 2. Forest plots of the prevalence of hepatic (A) [3–9,12,14,15], splenic (B) [3–7,9,14,15,17,18],
and concomitant hepatic-splenic involvement (C) [4,7,9,13,14,16]. Gray squares represent individual
study effect sizes, with horizontal lines indicating 95% confidence intervals. The size of each square
reflects the study weight, and the blue diamond represents the pooled estimate from the random-
effects model.

Ten studies comprising 1622 patients reported splenic involvement (Figure 2B).
Individual-study prevalence ranged from 4% in the Malaysian cohort reported by De-
ris et al. [7] to 62% in the Malaysian cohort reported by Sia et al. [18]. The random-effects
pooled prevalence of splenic involvement was 15% (95% CI, 7–27%), with considerable
between-study heterogeneity (I2 = 95.8%, p < 0.001).

Six studies involving 503 patients reported concomitant hepatic and splenic involve-
ment (Figure 2C). Individual-study prevalence ranged from 4% in the Malaysian study by
Deris et al. [7] to 46% in the Chinese cohort reported by Quan et al. [16]. The random-effects
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pooled prevalence of concomitant hepatosplenic involvement was 13% (95% CI, 4–34%),
with substantial between-study heterogeneity (I2 = 89.5%, p < 0.001).

3.4. Subgroup Analysis by Geographic Region

The prevalence of visceral organ involvement varied across geographic regions
(Figure 3). The pooled prevalence of hepatic involvement was 15% (95% CI 11–21%) in
Southeast Asia and 4% (95% CI 2–9%) in Oceania, with a statistically significant subgroup
difference (p = 0.0164; Figure 3A). Similarly, splenic involvement was more prevalent in
Southeast Asia (22%; 95% CI 9–46%) than in Oceania (5%; 95% CI 4–7%), with a signif-
icant subgroup difference (p = 0.0003; Figure 3B). For concomitant hepatic and splenic
involvement, estimates varied across geographic subgroups (test for subgroup differences,
p = 0.0002); however, this finding should be interpreted cautiously because several geo-
graphic subgroups were represented by a single study (Figure 3C).

(A) 

(B) 

 
Figure 3. Cont.
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(C) 

Figure 3. Forest plots of subgroup analysis by geographic region. Hepatic (A) [3–9,12,14,15], splenic
(B) [3–7,9,14,15,17,18], and concomitant hepatic-splenic involvement (C) [4,7,9,13,14,16]. Gray squares
represent individual study effect sizes, with horizontal lines indicating 95% confidence intervals. The
size of each square reflects the study weight, and the blue diamond represents the pooled estimate
from the random-effects model.

3.5. Subgroup Analysis by Age Group

Age subgroup analyses were conducted for studies exclusively enrolling adult or
pediatric populations (Figure 4). The pooled prevalence of hepatic involvement was 9%
(95% CI, 5–15%) among adults and 20% (95% CI, 7–43%) among children, with no significant
difference between age groups (p = 0.1607), Figure 4A. Similarly, the pooled prevalence
of splenic involvement was 14% (95% CI, 6–30%) in adults and 16% (95% CI, 7–32%) in
children (p = 0.8243), Figure 4B. For concomitant hepatic and splenic involvement, the
pooled prevalence among adults was 15% (95% CI, 5–38%), Figure 4C. Because only one
pediatric study contributed data, a pooled pediatric estimate was not calculated, and the
subgroup comparison should be interpreted cautiously.

(A) 

Figure 4. Cont.
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(B) 

(C) 

Figure 4. Forest plots of subgroup analysis by age. Hepatic (A) [3–9,12,14,15], splenic (B) [3–7,9,14,
15,17,18], and concomitant hepatic-splenic involvement (C) [4,7,9,13,14,16]. Gray squares represent
individual study effect sizes, with horizontal lines indicating 95% confidence intervals. The size of
each square reflects the study weight, and the blue diamond represents the pooled estimate from the
random-effects model.

3.6. Risk of Bias in Included Studies

The methodological quality of the 14 included studies was assessed using the Joanna
Briggs Institute (JBI) critical appraisal checklist for prevalence studies. Overall, three studies
were judged to have a low risk of bias and 11 to have a moderate risk of bias; no study was
classified as having a high risk of bias. Most studies clearly defined the study population,
used microbiologically confirmed diagnoses of melioidosis, and applied appropriate sta-
tistical analyses. The main methodological limitations were retrospective study designs,
inconsistent use of abdominal imaging for detecting hepatic and splenic involvement, small
sample sizes, and single-center recruitment, which may have contributed to the substantial
heterogeneity observed across studies. Detailed domain-level assessments are presented in
Supplementary Table S1.

3.7. Small-Study Effects

Visual inspection of the funnel plots showed no marked asymmetry for the analyses
of splenic or hepatic involvement. Egger’s regression test did not indicate evidence of
small-study effects for splenic involvement (p = 0.679) or hepatic involvement (p = 0.869).
For the analysis of concomitant hepatic and splenic involvement, formal assessment of
small-study effects was not performed because fewer than ten studies were available. The
details are in Supplementary File S2.
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3.8. Leave-One-Out Sensitivity Analysis

Leave-one-out sensitivity analyses showed that the pooled prevalence estimates were
generally robust to the sequential exclusion of individual studies (Supplementary Figure S1).
For hepatic involvement, the pooled prevalence ranged from 10% to 13%, compared with
the overall estimate of 11% (95% CI: 6–18%); excluding Currie et al. (2010) [3] reduced I2

from 84.8% to 69.4%. For splenic involvement, the pooled prevalence ranged from 12%
to 16%, compared with an overall estimate of 15% (95% CI: 7–27%); excluding Sia et al.
(2021) [18] reduced I2 from 95.8% to 85.4%. For concomitant hepatosplenic involvement,
the pooled prevalence ranged from 9% to 15%, compared with the overall estimate of 13%
(95% CI: 4–34%); excluding Quan et al. (2014) [16] reduced I2 from 89.5% to 57.9%. Overall,
no single study materially altered the pooled estimates, supporting the robustness of the
primary findings.

4. Discussion
This systematic review and meta-analysis synthesized evidence from 14 observational

studies involving 1844 patients with confirmed melioidosis and provides the first quan-
titative synthesis of the prevalence of hepatic, splenic, and concomitant hepatosplenic
involvement. The pooled prevalence of hepatic involvement was 11%, splenic involvement
was 15%, and concomitant hepatic and splenic involvement was 13%. These findings
confirm that visceral organ involvement is a common manifestation of disseminated me-
lioidosis and support previous observations that the liver and spleen are among the most
frequently affected organs following hematogenous dissemination of Burkholderia pseudo-
mallei [1,2]. Large cohort studies from Australia, Thailand, and Malaysia have similarly
demonstrated that abdominal abscesses represent an important component of the clinical
spectrum of melioidosis, although the reported prevalence has varied considerably across
settings [3,6,8].

Our pooled estimates are generally consistent with previous observational studies but
provide a more comprehensive summary of disease burden than individual reports. For
example, Currie et al. (2010) reported relatively low frequencies of hepatic and splenic ab-
scesses in the Darwin prospective cohort [3], whereas studies from Thailand and Malaysia
reported substantially higher proportions of visceral involvement [4,8,18]. Similarly, Chan-
vitan et al. (2019) found that hepatic and splenic abscesses were important predictors of
pediatric melioidosis [5], while Mohan et al. (2020) demonstrated that systematic identifica-
tion of splenic abscesses substantially improved the diagnosis of melioidosis in Malaysian
children [19]. By pooling data across diverse populations, our study provides more stable
prevalence estimates that may better reflect the overall burden of hepatosplenic melioidosis.

A major finding of this meta-analysis was the considerable between-study heterogene-
ity observed for all pooled estimates. Several methodological and clinical factors likely
contributed to this variability. First, the included studies differed in study design, patient
selection, and disease severity. Some cohorts enrolled only patients with culture-confirmed
bacteremic melioidosis or severe disease treated at tertiary referral centers, whereas others
included broader populations of hospitalized patients or imported cases [7,9]. Second,
the prevalence of important risk factors, particularly diabetes mellitus, varied substan-
tially between studies. Diabetes is the most common underlying disease associated with
melioidosis and has consistently been linked to increased susceptibility to disseminated
infection [2,15,16]. Third, differences in diagnostic imaging protocols probably influenced
case ascertainment. Studies that routinely performed abdominal ultrasonography or com-
puted tomography were more likely to detect asymptomatic visceral abscesses than studies
in which imaging was reserved for patients with localized abdominal symptoms [4,13].
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The subgroup analyses further demonstrated significant geographic variation in the
prevalence of hepatic and splenic involvement, with higher estimates observed in Southeast
Asia than in Oceania. These findings are consistent with previous epidemiological studies
reporting regional differences in the clinical presentation of melioidosis [3,8,18]. Several
explanations have been proposed, including differences in host characteristics, environ-
mental exposure to B. pseudomallei, bacterial genetic diversity, healthcare accessibility, and
diagnostic practices [1,2]. In addition, routine abdominal ultrasonography is commonly
incorporated into the evaluation of suspected melioidosis in several Southeast Asian cen-
ters, facilitating the detection of clinically silent hepatic and splenic abscesses that might
otherwise remain undiagnosed [4,13]. Although our subgroup analyses cannot establish
causality, they suggest that regional variation should be considered when interpreting the
epidemiology of visceral melioidosis.

No statistically significant differences were identified between adult and pediatric
populations; however, pediatric studies tended to report higher prevalence estimates for
hepatic involvement. This finding should be interpreted cautiously because relatively few
pediatric studies were available, and only one study contributed data for concomitant
hepatosplenic involvement. Previous pediatric studies have shown that hepatic and splenic
abscesses may be particularly useful diagnostic markers in children presenting with fever
of unknown origin in endemic regions [5,14,19]. Nevertheless, larger multicenter pediatric
cohorts are required to determine whether age independently influences the risk of visceral
organ involvement.

The present findings have important clinical implications. Approximately one in seven
patients with melioidosis had splenic involvement, one in nine had hepatic involvement,
and one in eight had concomitant hepatosplenic involvement. These results support
existing recommendations that abdominal imaging should be considered in patients with
suspected or confirmed melioidosis, particularly those with prolonged fever, bacteremia, or
evidence of disseminated infection [1,3]. Ultrasonography provides a rapid and accessible
screening tool in resource-limited settings, whereas computed tomography offers greater
sensitivity for detecting small or multiple abscesses [13,20]. Characteristic radiological
findings, including multiple small hypodense lesions and the “honeycomb” appearance
of hepatic abscesses, may further increase diagnostic suspicion, although these findings
should always be interpreted alongside microbiological confirmation because they are not
entirely specific for melioidosis [21,22].

Several limitations should also be acknowledged. Most included studies were ret-
rospective observational cohorts, making them susceptible to selection bias, incomplete
clinical data, and inconsistent reporting. Considerable statistical heterogeneity remained
despite subgroup analyses, indicating that additional unmeasured factors likely contributed
to the variability of prevalence estimates. Diagnostic imaging protocols were not standard-
ized across studies, potentially leading to underestimation of asymptomatic hepatic or
splenic abscesses in cohorts where routine abdominal imaging was not performed [13,20].
Additionally, 105 reports (25.9% of those sought for retrieval) could not be obtained and
therefore could not be assessed for eligibility. This may have introduced selection bias if
the unavailable reports differed systematically from those that were successfully retrieved.
Most included studies originated from Southeast Asia and northern Australia, limiting
the generalizability of the findings to emerging endemic regions. Finally, relatively few
studies reported concomitant hepatosplenic involvement, reducing the precision of pooled
estimates and preventing more detailed analyses of prognostic factors.

Future research should prioritize prospective multicenter cohort studies using stan-
dardized imaging protocols and uniform diagnostic criteria to improve the comparability
of prevalence estimates across different geographic settings. Individual patient-data meta-
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analyses could further clarify the influence of age, diabetes mellitus, bacteremia, and other
host factors on visceral organ involvement. Additional studies evaluating the diagnostic
performance and cost-effectiveness of routine abdominal ultrasonography or computed
tomography in patients with suspected melioidosis are also warranted, particularly in
resource-limited endemic settings [12,19]. Such evidence would strengthen clinical guide-
lines for the early recognition and management of hepatosplenic melioidosis.

5. Conclusions
This systematic review and meta-analysis demonstrate that hepatic and splenic in-

volvement are common manifestations of melioidosis, with pooled prevalence estimates of
11%, 15%, and 13% for hepatic, splenic, and concomitant hepatosplenic involvement, re-
spectively. Significant geographic variation was observed, with higher prevalence reported
in Southeast Asia than in Oceania, whereas age-related differences were not statistically
significant. Despite substantial heterogeneity among studies, these findings provide the
first quantitative synthesis of the burden of hepatosplenic melioidosis and highlight the
importance of maintaining a high index of suspicion for visceral organ involvement in
patients with confirmed or suspected melioidosis. Routine abdominal imaging should be
considered, particularly in endemic settings, to facilitate early detection and appropriate
management. Future well-designed prospective studies using standardized diagnostic
protocols are needed to refine prevalence estimates and improve understanding of the
epidemiology of hepatosplenic melioidosis.
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