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ABSTRACT

Melioidosis, the “great mimicker,” is a frequently overlooked infectious disease with a high mortality rate. It is
caused by Burkholderia pseudomallei. This systematic review aimed to identify consistent biochemical predictors
of mortality among patients with melioidosis. The study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Statement, 2020. A systematic search was carried out
in PubMed, Scopus, and Embase. Relevant data from the included studies were extracted. High heterogeneity
among outcomes reported in the included studies prevented any formal meta-analysis. The relevant findings of
individual studies were mentioned qualitatively. Hypoalbuminemia at presentation was the most consistently
implicated predictor of mortality, followed by low serum bicarbonate, elevated serum creatinine and urea,
and hyponatremia at presentation. Thrombocytopenia and elevated international normalized ratio were also
associated with higher mortality. White blood cell indices showed heterogenous results for mortality risk.
Hypoalbuminemia and low serum bicarbonate at presentation were the most commonly reported mortality risk
factors in melioidosis patients.
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INTRODUCTION

Melioidosis is a frequently overlooked and often severe disease caused by the Gram-negative
soil and water saprophyte Burkholderia pseudomallei. It is a significantly fatal re-emerging
infectious disease with a high burden in Southeast Asia and Northern Australia."! An estimated
165,000 cases and 89,000 deaths due to melioidosis occur annually worldwide. In lieu of its
substantial impact on both the healthcare system and economies of low- and middle-income
countries, combined with a mortality rate higher than many recognized neglected tropical
diseases (NTDs), recent calls are being made to the World Health Organization to officially
recognize melioidosis as an NTD.!

Epidemiological trends suggest a risk of spread to non-endemic regions, with current data
from Africa and America reflecting a potential under-reporting of the disease in these
regions.! The Centers for Disease Control recently reported the first confirmation of the
presence of B. pseudomallei in environmental soil and water samples in the Gulf Coast Region of
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Mississippi.! Increased global travel, environmental changes,
potential zoonotic spread, and rising rates of comorbidities
like diabetes may enhance its geographical spread and
emergence in new areas. !

Clinically, melioidosis presents as a diverse spectrum of
illnesses, ranging from localized skin infections and abscesses
to fulminant septicemia, pneumonia, and even neurological
manifestations. It is often referred to as the “great mimicker”
due to its immense range of non-specific manifestations,
such as localized abscesses, septicemia, pneumonia, septic
arthritis, osteomyelitis, and encephalomyelitis.”! Difficulty in
diagnosis, combined with mortality rates as high as 30-50%
associated with melioidosis, underscores the urgent need to
identify factors that can help predict prognosis and mortality
outcomes.”*!

The high mortality rates and diverse clinical presentations
have attracted significant interest in understanding the
factors that may help predict mortality outcomes in
melioidosis patients. Numerous studies have investigated
a diverse array of risk factors for mortality in melioidosis.
Routine laboratory-based investigations are among
the many factors that have shown promise as mortality
predictors in melioidosis patients. However, a systematic
analysis of these numerous potential biochemical markers
is lacking.

This systematic review aimed to identify consistent
biochemical predictors of mortality among patients with
melioidosis and to qualitatively summarize the findings.

MATERIALS AND METHODS
Search strategy

This review was carried out in accordance with the guidelines
of the 2020 Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement.”’ Database searches
were performed across PubMed/MEDLINE, Scopus,
and Embase. The query used combined terms related to
“([“Melioidosis”] OR [“Burkholderia”] OR [“Whitmore’s
disease”] )AND ([“mortality”] OR [“lethality”] OR
[“fatality”] OR [“treatment outcomes”] OR [“prognosis”] OR
“survival”] ) AND ([“risk factors”] OR [“determinants”] OR
[“predictors”])”

Studies published in English up to October 10, 2024, were
considered. The reference sections of selected papers were
manually reviewed to identify additional eligible articles.

All retrieved records were organized using the EndNote
X9 reference manager. Duplicate entries were eliminated
through both automated and manual methods. The
remaining studies were screened first by title and abstract,
followed by a full-text review and data extraction for those
meeting the inclusion criteria.

Inclusion and exclusion criteria

The inclusion criteria were: (a) all types of original research
studies such as observational, analytical, case-control, cohort,
and cross-sectional studies; (b) studies assessing culture-
confirmed melioidosis patients; and (c) studies reporting
effect estimates in the form of unadjusted or adjusted odds
ratio (OR)/hazard ratio (HR)/relative risk (RR) for mortality
in melioidosis patients with respect to any routine laboratory
indicator OR reporting sufficient data to enable the authors
to calculate the relevant crude effect estimates. The umbrella
of tests under routine laboratory indicators was kept broad,
including complete blood counts, liver function tests, kidney
function tests, inflammation markers, etc. We excluded
certain types of publications, including case reports, case
series, systematic reviews, letters to the editor, commentaries,
abstracts, conference papers, non-English articles, and
studies conducted on animals.

The studies were evaluated for inclusion by the authors
(SG, AS, AG, YS, TJ, OP), with each study being assessed
independently by at least two authors. Any discrepancies were
resolved through consultation with the third author (MB).

Quality evaluation

The Joanna Briggs Institute Critical Appraisal Checklist!"’!
was used to assess the methodological quality of each
included study.

Outcomes

The primary outcome of this study was to evaluate the utility
of routine laboratory investigations as predictors of mortality
in patients with melioidosis and to summarize the findings
qualitatively.

Data extraction

The following data were extracted and tabulated into
Microsoft Excel sheets independently by the authors (SG, AS,
AG, YS, T], and OP) from each study meeting the inclusion
and exclusion criteria: First author, title of the study, year of
publication, study setting, the study design, study population,
test used for diagnosis of melioidosis, total number of
melioidosis patients, the total number of deaths reported,
unadjusted or adjusted effect estimates (OR/HR/RR) along
with their 95% confidence interval (CIs) of mortality for
routine laboratory parameters such as platelet count, white
blood cell count, serum albumin, serum bicarbonate, serum
sodium levels, and serum urea levels.

Due to the high heterogeneity observed among the outcomes
reported in the included studies, a formal meta-analysis was
not performed. The relevant findings from individual studies
were summarized qualitatively.
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RESULTS
Search results

Database searches using the pre-determined search string
yielded 987 records in total (220 from PubMed, 617 from
Scopus, and 150 from Embase). After eliminating 50 duplicates,
937 unique entries were screened. Initial screening of titles and
abstracts led to the exclusion of 894 studies. Full-text analysis
was performed on 43 articles, of which 34 did not meet eligibility
criteria. No further studies were found on the evaluation of
the references of the individual studies. The process has been
illustrated in the PRISMA flow diagram [Figure 1].

All nine studies that met the inclusion criteria underwent
quality evaluation using the Joanna Briggs Institute tool.
Each was found to be of adequate quality for inclusion in the
final synthesis.

Study characteristics

Nine full-text articles were included in the final synthesis of
this systematic review.[""") All the studies were retrospective

in nature. The characteristics of the individual studies
have been mentioned in Table 1. Four of these were from
India, two each from Australia and Malaysia, and one from
Thailand.

All studies involved patients having culture-confirmed
melioidosis. A total of 1660 melioidosis patients were
involved across the studies, with a total of 550 reported
deaths.

Serum albumin

Hypoalbuminemia emerged as the most commonly
reported biochemical predictor of mortality, with six studies
reporting ORs for hypoalbuminemia as a risk factor for
mortality.'"12151018191 Chayangsu et al.'!l reported that on
univariate analysis, hypoalbuminemia (defined as albumin
<3 g/dL) at presentation was a significant predictor of
in-hospital mortality. Of the 125 patients in the mortality
group, 97 had hypoalbuminemia, while 85 out of 157 patients
in the survival group had hypoalbuminemia, revealing
a statistically significant difference in the incidence of

Identification of studies via databases and registers

v

5 Records identified from:
_‘g D:;tag:ﬂs;s ((:_:292807)) Records removed before screening:
= u . E— Duplicate records removed
c Scopus (n =617) (n = 50)
35 Embase(n=150)
T l
Records screened . Records excluded
(n=937) | (n=894)
g
= Reports sought for retrieval Reports not retrieved
d (n=43) > (n=0)
G
»n
A\ 4
Report 4 for eliaibili Reports excluded (n=34):
€ports assessed tor eligibliity ) Laboratory Parameters not
(n=43) assessed (23)
Effect Estimates not Reported (10)
Sub-population of Melioidosis
— N
patients (1)

Studies included in review
(n=9)

Reports of included studies
(n=9)

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-analysis flowchart for the study.
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Table 1: Characteristics of the included studies.
Author Publication  Country Study design Method of diagnosis Total melioidosis Total
year patients deaths
Chayangsu et al.l'! 2024 Thailand Retrospective Microbial culture 282 125
Nisarg et al.l'? 2024 India Retrospective Microbial culture 53 27
Rao et al.!! 2022 India Retrospective Microbial culture 201 29
Mardhiah et al." 2021 Malaysia Retrospective Microbial culture 453 227
Menon et al.!"”! 2021 India Retrospective Microbial culture 73 15
Toh et al.l"® 2021 Malaysia Retrospective Microbial culture 73 9
Gassiep et al.l'”! 2021 Australia Retrospective Microbial culture 123 27
Koshy et al.l's! 2019 India Retrospective Microbial culture 114 17
Cheng et al.l"”} 2003 Australia Retrospective Microbial culture 288 74

hypoalbuminemia between the two groups (P < 0.01).
Nisarg et al,'” while evaluating 28-day mortality in
melioidosis patients, found that low serum albumin at
presentation was an independent predictor of mortality
upon multivariate analysis. They reported an adjusted
OR = 0.08 (95% CI: 0.07-0.9) for predicting mortality from
serum albumin. Menon et al.’™™ reported that S. albumin
<3 g/dL was a significant predictor of in-hospital mortality
with an OR = 8.000 (95% CI: 1.654-38.688) on univariate
analysis. However, the study does not mention whether
the hypoalbuminemia was observed at presentation or
developed during the course of stay and treatment in the
hospital. Similarly, Toh et al.l'®! reported that low serum
albumin at presentation could independently predict
a rise in in-hospital mortality in melioidosis patients,
OR = 0.73 (95% CI: 0.54-0.97); however, the cut-off for
hypoalbuminemia was 3.5 g/dL, in contrast to 3 g/dL taken
in the rest of the studies. Koshy et al,'® on multivariate
analysis of predictors of in-hospital mortality, reported
hypoalbuminemia on admission to independently predict
mortality with an OR = 4.02 (95% CI: 1.21-13.33), alongside
respiratory involvement, bacteremia, and admission
sequential organ failure assessment (SOFA) scores. Finally,
Cheng et al.™ through univariate analysis reported an
OR = 0.96 (95% CI: 0.92-1.002) for serum albumin at
admission was reported in predicting in-hospital mortality,
thereby implying serum albumin was not a significant
predictor for mortality.

Serum bicarbonate

Three studies!'"'*'"] implicated serum bicarbonate as a
predictor for melioidosis mortality. Chayangsu et al.l'l
found that bicarbonate levels <20 mEq/L had a multivariable
OR = 2.96 (95% CI: 1.48-5.9) for predicting in-hospital
mortality. Similarly, Toh et al,!'®! on multivariate analysis
revealed low serum bicarbonate <22 mmol/L at presentation
to be associated with higher in-hospital mortality,
OR = 0.64 (95% CI: 0.48-0.87). Finally, Gassiep et al.l'”!
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also report a higher association of in-hospital mortality
with low serum bicarbonate <22 mmol/L at presentation,
RR =2.2 (95% CI: 1.4-3.3).

Serum creatinine

Three studies!"'>!! reported serum creatinine to be
associated with higher melioidosis mortality. Chayangsu
et al." reported serum creatinine >1.5 mg/dL at presentation
to be associated with a higher risk of in-hospital mortality,
with an OR = 2.80 (95% CI: 1.38-5.69). Similarly, Nisarg
et al.," at a cut-off of serum creatinine >2 mg/dL at baseline,
reported higher odds of 28-day mortality with higher
serum creatinine levels on univariate analysis, adjusted
OR = 2.8 (95% CI: 1.3-5.9). However, multivariable analysis
analyzing vasopressor requirement within 24 h, azithromycin
prescription within 4 h, and low serum albumin at
presentation, revealed that serum creatinine was not a
significant predictor for mortality, OR = 4 (95% CI: 0.8-20.1).

Serum urea

Mardhiah et al." reported an adjusted OR = 5.53 (95%
CIL: 2.50-12.30) for serum urea levels >7.8 mmol/L at
presentation, while Gassiep et al.'*!'”] showed an unadjusted
OR = 2.60 (95% CI: 1.08-6.26) for serum urea levels
>8 mmol/L at presentation for in-hospital mortality.

Serum sodium

Multivariate analysis from two studies!'! reported
hyponatremia at presentation to be a predictor for in-hospital
mortality. Rao et all™ showed severe hyponatremia
at presentation (serum sodium <120 mmol/L) to
increase the odds of in-hospital mortality by OR = 3.75
(95% CI: 1.37-10.27). While Cheng et al.' reported an
adjusted OR = 1.063 (1.02-1.11), the reference sodium level

taken to define hyponatremia was not mentioned.
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Blood counts
Low platelet counts

Chayangsu et al.""! and Mardhiah et al.'"* reported increased
risk of in-hospital mortality associated with low platelet
counts at presentation, with OR = 3.72 (95% CI: 1.96-7.04)
and OR = 4.19 (95% CI: 1.89-9.30), respectively, whereas
Gassiep et al.l'"”! reported an increased risk of in-hospital
mortality, RR = 1.5 (95% CI: 1.2-2.0), associated with an
elevated International normalized ratio value at presentation.

White blood cell counts

Reports associating white blood counts with mortality varied
in their results. Mardhiah et al.' observed a significant risk
of in-hospital mortality with elevated white blood cell counts
at presentation, HR = 1.49 (95% CI: 1.06-2.11), while Cheng
et al." reported higher lymphocyte counts at presentation
being protective for in-hospital mortality, reporting an
OR = 0.38 (95% CI: 0.20-0.72) on multivariate analysis.
Gassiep et al.l” reported lymphopenia on presentation to be
associated with increased mortality in melioidosis patients,
RR =1.4(95% CI: 1.2-1.6).

DISCUSSION

Melioidosis has been reported to have one of the highest
mortality rates among emerging tropical diseases, with a
possible threat of expansion to non-endemic regions. This
underscores the need to evaluate factors influencing mortality
among these patients. This study was conducted with the aim
of identifying basic laboratory investigations that can serve
to identify melioidosis patients at a higher risk of death. The
routine and inexpensive nature of these investigations can
help make them easily translatable into clinical practice for
effective risk prediction.

In our review, we identified hypoalbuminemia at presentation,
commonly defined as serum albumin <3 g/dL, as the
most commonly reported mortality risk factor across the
literature. Hypoalbuminemia as a risk factor for mortality
has been reported in other infectious diseases as well. Several
authors have reported increased mortality among severe
acute respiratory syndrome coronavirus, two patients with
hypoalbuminemia.?? Serum albumin concentrations also
were shown to be an independent predictor of poor outcomes
among patients admitted to the emergency department for
an infection.™ Interestingly, similar to our findings, both
bicarbonate and albumin were found to predict in-hospital
mortality in Clostridioides difficile infection using a machine
learning approach.”

Mechanistically, the production of albumin, a negative
phase reactant, is decreased during inflammatory processes
as a result of an increase in levels of cytokines such as

interleukin (IL)-1, IL-6, and tumor necrosis factor-
alpha.’”’  Acute hypoalbuminemia is most commonly
triggered by infections, resulting from a combined effect
of decreased synthesis, increased tissue utilization, and
increased  transcapillary leakage.” The non-oncotic
properties of albumin, such as its anti-oxidative nature,
are hypothesized to be of critical importance in our body’s
defense against microbes.?3!  Systemic inflammation
associated with infections can significantly alter albumin
dynamics, impairing immune responses and exacerbating
cytokine-driven immune dysregulation, ultimately impacting
prognosis and clinical outcomes.®

The second most commonly implicated laboratory parameter
was low serum bicarbonate at presentation. Low serum
bicarbonate has been shown to independently predict acute
kidney injury (AKI) in intensive care unit (ICU) patients.*”
Among melioidosis patients, AKI has been reported to occur
in as many as 36% of patients, likely due to pre-renal or acute
tubular necrosis. At the same time, the need for intensive care
and mortality rates have both been shown to be higher in
melioidosis patients with AKI as compared to those without
AKLBY This complex interplay between melioidosis, AKI,
and serum bicarbonate levels may be a possible mechanistic
explanation for the increased mortality rates in patients with
low serum bicarbonates.

These batteries of investigations, combined with
epidemiological and clinical risk factors, may be used to
predict comprehensive scoring systems to predict prognosis.
The varied clinical presentations underscore the importance
of developing effective scoring systems for melioidosis to help
clinicians make informed decisions. Gassiep et al.l'”! used
a scoring system by Cheng et al." to predict melioidosis
mortality, where they scored patients 0-11 based on factors
such as pneumonia, age, and serum markers. Cheng et al.l"”!
found 8.6% mortality for scores <3 and 44.6% mortality for
scores >4.1") Gassiep et al.l'”! reported 32% mortality for
scores >3 and 9% for <3, with high sensitivity (85%) and
negative predictive value (91%) but low specificity (47%) and
positive predictive value (32%). Thus, this system effectively
identifies low-risk patients but is less accurate for high-risk
predictions.

Recently, Chayangsu et al.'V in their retrospective study
included a quick SOFA score of >2, abnormal chest X-ray
findings, elevated creatinine (=1.5 mg/dL), elevated
aspartate aminotransferase (=50 U/L), and low bicarbonate
(<20 mEq/L) for the prediction of mortality. The model
demonstrated strong discrimination between survivors and
non-survivors, with a receiver operating characteristic curve
exceeding 0.80, underscoring its potential for early risk
assessment in clinical practice.

A major limitation of our study is the wide heterogeneity
observed in the reported outcomes (ORs/RRs, HRs), which
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prevented a formal meta-analysis and pooling of data in
the current study. It is imperative to understand the various
sources that may have given rise to heterogeneity in our
studies before being able to draw any meaningful conclusions
on the utility of laboratory biomarkers for predicting
melioidosis mortality.

Varying study designs may have been a major source of
heterogeneity. In the context of laboratory biomarkers, the
timing of collection of the samples is crucial. While most of
the studies included in our review evaluated the laboratory
results at baseline/admission, the study by Menon et al.l'¥
did not mention the timing of sample collection, thereby
preventing a pooled analysis without clarity on the time of
sample collection. Another area where study designs varied
was the timelines for mortality. While the majority of the
studies being retrospective in nature evaluated in-hospital
mortality, the study by Nisarg et al.'? explicitly mention that
they have retrospectively evaluated risk factors for 28-day
mortality. Such variation in the mortality definition again
hinders a pooled analysis without significant heterogeneity.

A major contribution to the heterogeneity of the findings
can also be attributed to the heterogeneous nature of
the presentations that melioidosis presents with. Being a
“great mimicker;” identifying a single laboratory parameter
as a mortality risk for the entire spectrum of presentations
in melioidosis might not be the best approach. Each study
population differs in its underlying composition with respect
to various factors such as underlying population distribution,
comorbidities, clinical presentations, and baseline risk
factors. Analysis of risk factors while taking into account
the predominant clinical presentation, such as pulmonary
melioidosis, renal melioidosis, and central nervous system
melioidosis, might be a more effective approach. However, the
present systematic review did not succeed in achieving the same
due to the paucity of data available in the reported literature.

Another significant limitation of our study was the nature of
the included studies. All included studies were retrospective
in nature. A true identification of risk factors would need
prospective studies that evaluate the utility of these laboratory
investigations in predicting prognosis, not just in terms of
mortality outcomes but overall disease severity, including
ICU admissions, septicemia, relapses, and recurrences. There
was no analysis of follow-up data.

Another limitation is that our findings may be subject
to publication bias. Several investigators may not have
reported their results if the findings were not significant for
mortality. Our report thus highlights the direction for future
researchers to pursue while evaluating predictors of mortality
in melioidosis.

While the findings from our study may not be ideal or
definitive, they do provide a significant direction for future

research to focus on and highlight several lacunae that need
to be addressed.

CONCLUSIONS

Hypoalbuminemia at presentation emerged as the most
consistently reported biochemical risk factor for in-hospital
mortality, followed by low serum bicarbonate at presentation.
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