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Background. Melioidosis, caused by the Gram-negative bacterium Burkholderia pseudomallei, has a major global health impact 
and a wide range of different disease manifestations. Histopathological descriptions of melioidosis remain limited. Granulomatous 
inflammation with multinucleated giant cells are considered classic features. We aim to present a graphical overview of 
histopathological manifestations of melioidosis, serving as an aid in diagnosing this disease.

Methods. We performed a retrospective international multicenter laboratory-based analysis of formalin-fixed paraffin- 
embedded (FFPE) tissue from culture-confirmed melioidosis autopsy and biopsy cases. Available FFPE tissue was stained with 
hematoxylin and eosin and immunostainings including a monoclonal antibody targeting the capsular polysaccharide (CPS) of B 
pseudomallei. Tissue with site-specific cultures and/or positive CPS staining were included in the graphical histopathological 
overview.

Results. We identified tissue of 8 autopsy and 5 biopsy cases. Pneumonia and soft tissue abscesses were the leading foci of 
disease displaying mainly necrosis and suppuration. Infrequent disease manifestations included involvement of bone marrow 
and adrenal glands in an autopsy case and biopsied mediastinal tissue, the latter being the only case in which we identified 
multinucleated giant cells. Using the CPS staining, we demonstrated granulomata as part of rare gastric tissue involvement.

Conclusions. We found fatal melioidosis to be a necrotizing and suppurative inflammation, usually without multinucleated 
giant cell formation. Gastric and mediastinal involvement points to ingestion and inhalation as possible routes of infection. The 
CPS staining proved beneficial as an aid to establish a histopathological diagnosis. Our graphical overview can be used by 
infectious diseases specialists, microbiologists, and pathologists.
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More than a century ago, Whitmore and Krishnaswami [1] de-
scribed a thus far unknown disease in Burma now known as the 
tropical infectious disease melioidosis [2]. The Gram-negative 
facultative intracellular soil and water-dwelling bacterium 
Burkholderia pseudomallei is the causative agent of melioidosis, 
a disease that is well established in Southeast Asia and northern 
Australia, although present throughout the tropics [2, 3]. 
Yearly, modeling predicted that 165 000 people acquire infec-
tion, 89 000 of whom die [3]. Despite this enormous global dis-
ease burden, melioidosis is not officially recognized as a 

neglected tropical disease by the World Health Organization 
[4, 5]. Due to current global travel and increasing trade, melioi-
dosis is not limited to endemic countries, but it also poses a risk 
to inhabitants of nonendemic regions [6, 7]. This was recently 
highlighted by a multistate outbreak of melioidosis in the 
United States of America involving 4 cases (2 fatal), confirmed 
by bacterial genomics to be infection attributed to the importa-
tion of B pseudomallei-contaminated room spray from 
India [8].

Melioidosis has been referred to as “the great mimicker” with 
frequent disease manifestations that include pneumonia or bac-
teremia, but it can also present as local skin infection, internal or-
gan abscess formation (eg, spleen, liver), and musculoskeletal or 
neurological involvement, although the latter 2 are less frequent-
ly seen [2, 9, 10]. The majority of cases are acute (approximately 
88%), the remainder being chronic as defined by symptoms be-
ing present for 2 months or longer [2, 4, 9]. Studies from 
Thailand and Australia together with a systematic review of clin-
ical data of melioidosis patients demonstrated adult males to be 
predominantly affected [4, 9, 10]. Acquisition of disease occurs 
through skin inoculation, inhalation/aspiration, or ingestion, 
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and predisposing risk factors include diabetes and chronic con-
ditions (eg, liver, kidney, lung), with diabetes present in approx-
imately half of cases [2, 4, 9, 10].

The initial postmortem examinations of Whitmore and 
Krishnaswami [1] were the first to describe the microbiological 
and pathological manifestations of the septic and pyogenic as-
pects of the disease melioidosis. Lung, liver, and kidney dis-
played soft (“cheesy”) lesions surrounded by hemorrhage, 
and abscesses were also observed, such as in the spleen. In 
the recent past, melioidosis has been described in autopsy cases 
of American soldiers who served in the Vietnam war and was 
nicknamed the “Vietnam Time Bomb” due to its potential to 
cause disease years after exposure [11–14]. A report from 
1995 systematically described melioidosis histopathology as a 
necrotizing and/or granulomatous inflammation with abscess 
formation and multinucleated giant cells [15], thereby resem-
bling tuberculosis. Giant cells have been considered a hallmark 
of melioidosis [16]. In addition, immunohistochemistry has 
previously been studied as a means to improve diagnosis of me-
lioidosis, but culture remains the gold standard, especially be-
cause melioidosis can be easily misdiagnosed as tuberculosis 
[2, 16, 17]. Until now, human histopathological data remain 
limited and consist primarily of historical case series and case 
reports. We aim to present a graphical overview of histopatho-
logical manifestations to be used as an aid in establishing a di-
agnosis of melioidosis.

METHODS

We performed a retrospective international multicentre 
laboratory-based analysis of archival formalin-fixed paraffin- 
embedded (FFPE) tissue. Our case series combined FFPE tissue 
from culture-confirmed melioidosis cases derived from a retro-
spective travelers cohort of the Dutch Melioidosis Study Group 
[7] and the Darwin Prospective Melioidosis Study from the 
Northern Territory of Australia [9], a highly endemic melioido-
sis region. We only focussed on available archival FFPE tissue 
because in some cases, not all possibly affected tissue was avail-
able for analysis. Available FFPE tissue of autopsy and biopsy 
cases with site-specific cultures and/or positive staining direct-
ed at B pseudomallei was included in the graphical histopatho-
logical overview (see below).

Staining and Evaluation of Tissue Sections

Tissue sections were prepared for all available FFPE tissue. All tis-
sue sections were deparaffinized and stained with hematoxylin 
and eosin or prepared for immunostainings. In short, preparatory 
steps for the immunostainings included blocking for endogenous 
peroxidase, heat-induced antigen retrieval, and blocking of 
nonspecific antibody binding followed by primary antibody 
binding using the antibodies anti-myeloperoxidase (MPO), 
anti-CD3, anti-CD20, anti-CD68, anti-CD138, antifibrin(ogen), 

and a monoclonal mouse antibody 4C4 targeting the capsular 
polysaccharide (CPS) of (mainly) B pseudomallei and 
Burkholderia mallei (Supplementary Appendix) [18]. The 
CPS antibodies were kindly provided by David P. AuCoin 
of the University of Nevada, Reno and validated using affect-
ed and unaffected tissue. We used an appropriate horseradish 
peroxidase labeling system and visualized antigens using 
3,3-diaminobenzidine. All tissue sections were counter-
stained with hematoxylin and evaluated by 2 observers (JS 
and JJTHR) in a nonblinded fashion.

Inclusion and Exclusion of Cases and/or Tissue Sections

We made sure to report melioidosis-associated histopatholog-
ical features by using only tissue sections with site-specific pos-
itive cultures for B pseudomallei and/or positivity on CPS 
staining. For autopsy cases, tissue sections were only included 
from patients whose death was confirmed by bacterial culture 
to be from melioidosis and where there was positivity on CPS 
staining. For biopsy cases, we specifically did not exclude neg-
atively CPS-stained tissue sections in the presence of 
site-specific positive cultures because we could not compare 
the staining patterns with lesions of other organs from the 
same case, and biopsy cases tend to have less pronounced 
inflammation.

Ethical Considerations and Patient Consent Statement

The Medical Research Involving Human Subjects Act (WMO) 
does not apply to this study as reviewed by the Medical Ethics 
Review Committee of the Academic Medical Center (reference 
number W20_428 # 20.475). The Darwin Prospective 
Melioidosis Study received ethical approval of the Human 
Research Ethics Committee of the Northern Territory 
Department of Health and Menzies School of Health 
Research (reference number HREC 02/38). Informed consent 
was obtained or an exemption for the need of consent was 
applicable.

RESULTS

We identified 13 culture-confirmed melioidosis cases that con-
tained 8 autopsy and 5 biopsy cases with a majority of males 
and an age across cases that ranged from 37 to 73 years 
(Table 1). Overall, pneumonia and soft tissue abscess formation 
were the leading histopathological manifestations, and we also 
included tissue of organs less commonly associated with me-
lioidosis (Table 2). The majority of the autopsy cases had envi-
ronmental exposure and presented as sudden and unexpected 
deaths with no appropriate supportive and/or antimelioidosis 
treatment. We report the histopathological findings for autopsy 
cases as pulmonary and extrapulmonary and show the variety 
of histopathological manifestations. Reasons for exclusion of 
tissue sections were tissue that was incorrectly sampled or 
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showed negativity on the CPS staining, which typically in-
volved sections without infectious abnormalities.

Autopsy Cases: Pulmonary Manifestations

Pulmonary involvement was described in all autopsy cases 
(n = 8) (Figure 1). Lung samples invariably showed signs of 
(confluent) necrotizing (8 of 8) and suppurative (8 of 8) pneu-
monia in different stages of organization. Bronchitis was pre-
sent in all cases (8 of 8), whereas endothelialitis (5 of 8) and 
pleuritic involvement (2 of 8) were less often seen, although 
we did not specifically sample pleurae. Granulomas and 

multinucleated giant cells were notably absent. Other nonspe-
cific features included (intra-alveolar) edema (7 of 8) and 
hemorrhage (6 of 8). Thrombosis was scarce (1 of 8) despite 
staining for fibrin(ogen), which showed nonspecific 
inflammation-related fibrin depositions. In general, neutro-
phils were the predominant cell type admixed with varying 
numbers of macrophages and lymphocytes. Neutrophil extra-
cellular traps were occasionally spotted. Inflammatory infil-
trates stained convincingly positive for CPS (Figure 2A and 
B), both intra- and extracellular, and was largely in line with 
the MPO staining pattern.

Table 1. Demographic and Clinical Details of Culture-Confirmed Melioidosis Cases

Case 
ID

Sex, Age 
(Years)

Country of 
Acquisitiona

Duration of 
Symptoms 

Before 
Presentation Foci of Diseaseb Risk Factors for Melioidosisc,d

Environmental 
Exposure Culture

Autopsy Cases

C1 Male, 55 Australia Unknown Pneumonia with 
disseminated disease

Hazardous alcohol use Yes Postmortem lung

C2 Male, 66 Australia Unknown Prostatitis with 
disseminated disease

Chronic lung disease, 
hazardous alcohol use

Yes Postmortem pus 
swab of prostate 
gland

C3 Male, 50 Australia Unknown Pneumonia with 
disseminated disease

Diabetes, hazardous alcohol 
use

Yes Postmortem lung

C4 Male, 43 Australia Unknown Pneumonia and 
prostatitis with 
disseminated disease

Hazardous alcohol use Yes Postmortem pus 
swab of prostate 
gland

C5 Female, 
73

Thailand, 
Australia

5 days Pneumonia with 
disseminated disease

None No Sputum and blood; 
postmortem lung

C6 Male, 45 Australia Unknown Pneumonia, relapsed 
melioidosis

Diabetes, chronic lung 
disease, hazardous alcohol 
use

Yes Postmortem lung

C7 Male, 37 Australia Unknown Pneumonia with 
disseminated disease

Diabetes, morbid obesity No Postmortem lung

C8 Female, 
50

Australia Unknown Pneumonia with 
disseminated disease

Diabetes, chronic kidney 
disease, ischemic heart 
disease with dilated 
cardiomyopathy and 
extensive myocardial 
fibrosis

Yes Postmortem blood, 
lung, kidney, and 
mediastinal lymph 
node

Biopsy Cases

C9 Male, 40 Australia Months 
(unspecified)

Acute abdomen due to 
gastric ulcer with 
disseminated disease

Diabetes, hazardous alcohol 
use

No Blood, gastric 
aspirate, 
abdominal/ 
subphrenic pus, 
sputum, pleural 
fluid

C10 Male, 69 Thailand 42 days Mediastinal 
lymphadenopathy

None Yes Pus lymph node

C11 Male, 63 The Gambia 3 days Prostatitis with 
disseminated disease

Chronic kidney disease Yes Blood, urine, 
prostate

C12 Female, 
53

Thailand, 
Vietnam, 
Indonesia 
(Bali), Sri 
Lanka

Unknown Lung and lymph node 
abscess

Chronic lung disease No Lymph peripheral 
smear

C13 Male, 73 Thailand Unknown SSTI of neck muscle Diabetes No Pus SSTI neck

Abbreviations: ID, identification; SSTI, skin and soft tissue infection.  
aCases were domestically acquired in Australia or traveler-associated with the possibility of multiple visited countries.  
bCases were either confined to their foci of disease or showed features of dissemination.  
cComorbidities not associated with an increased risk of acquiring melioidosis were disregarded.  
dLiver abnormalities were not classified as a separate risk factor because the findings presented as plain steatosis or were consistent with hazardous alcohol use.
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Autopsy Cases: Extrapulmonary Manifestations

Extrapulmonary involvement was found in 5 autopsy cases 
(n = 5), and available affected tissue included the liver (3 of 
5), spleen (3 of 5), prostate (2 of 5), kidney (1 of 5), bladder 
(1 of 5), bone marrow (1 of 5), and adrenal gland (1 of 5) 
(Figure 3). Extrapulmonary involvement invariably showed 
signs of (micro)abscess formation (5 of 5) or necrotizing in-
flammation (3 of 5). Multiple microabscesses were mainly 
present in liver, spleen, adrenal, and bone marrow tissue, 
whereas extensive suppurative inflammation was observed 
in the prostate, kidney, and bladder (Figure 2C and D). Of 
note, in one case with extensive prostatic involvement, the 
urinary bladder showed signs of cystitis with partial rupture 
of the inner and outer bladder wall due to severe transmural 
inflammatory damage (C2). Granulomas and multinucleated 
giant cells were absent. Less common nonspecific features in-
cluded hemorrhage (2 of 5), edema (1 of 5), and thrombus for-
mation (1 of 5). The cell types involved were similar to those 
seen in pulmonary involvement with a predominant neutro-
philic component.

Biopsy Cases

Biopsy cases included tissue from lung, lymph node, prostate, 
subcutaneous/muscle, and stomach (all n = 1) (Figure 4). The 
pattern of inflammation was with diminishing frequency nec-
rotizing (4 of 5), suppurative (3 of 5), and granulomatous (2 
of 5). We identified one of our cases with a known history of 
symptoms before presentation (42 days) to present with gran-
ulomatous inflammation and presence of multinucleated giant 
cells, which was the only case with giant cell formation in our 
series (C10). Edema (1 of 5), hemorrhage (1 of 5), and thrombi 
(0 of 5) were not widely present features in biopsy cases. In 
comparison to the autopsy cases, the predominant inflammato-
ry cell types showed more variation with varying amounts of 
neutrophils, macrophages/histiocytes, lymphocytes, and plas-
ma cells. Similar to the autopsy cases, fibrin(ogen) staining 
showed nonspecific inflammation-related fibrin depositions. 
CPS staining was positive in 3 cases and contributed to the 
tissue-specific diagnosis in the case with involvement of the 
stomach (C9) (Figure 4A). The stomach displayed intramural 
and subserosal necrotizing, suppurative, and granulomatous 

Table 2. Overview of Available Tissue Sections and Histopathological Diagnosis of Culture-Confirmed Melioidosis Cases

Case 
ID

Sex, Age 
(Years)

Tissue Sections and Presence of Characteristic 
Histopathological Findings for Melioidosisa,b

Burkholderia 
pseudomallei CPS 

Staininga Histopathological Diagnosis

Autopsy Cases

C1 Male, 55 Lung: abscess formation, necrosis 
Liver: abscess formation 
Spleen: abscess formation

Positive Pneumonia with abscess formation in liver and 
spleen

C2 Male, 66 Lung: abscess formation, necrosis 
Kidney: abscess formation, necrosis 
Prostate: abscess formation, necrosis 
Bladder: abscess formation, necrosis

Positive Prostatitis with pneumonia and abscess 
formation in kidney and bladder

C3 Male, 50 Lung: abscess formation, necrosis 
Liver: abscess formation 
Spleen: abscess formation

Positive Pneumonia with abscess formation in liver and 
spleen

C4 Male, 43 Lung: abscess formation, necrosis 
Prostate: abscess formation, necrosis

Positive Pneumonia and prostatitis

C5 Female, 73 Lung: abscess formation, necrosis 
Liver: abscess formation 
Spleen: abscess formation, necrosis 
Bone marrow: abscess formation, necrosis 
Adrenal gland: abscess formation, necrosis

Positive Pneumonia with abscess formation in liver, 
spleen, bone marrow and adrenal gland

C6 Male, 45 Lung: abscess formation, necrosis Positive Pneumonia

C7 Male, 37 Lung: abscess formation, necrosis Positive Pneumonia

C8 Female, 50 Lung: abscess formation, necrosis Positive Pneumonia

Biopsy Cases

C9 Male, 40 Stomach: abscess formation, necrosis, granulomatous 
inflammation

Positive Gastritis

C10 Male, 69 Mediastinal lymph node: necrosis, granulomatous 
inflammation, multinucleated giant cell formation

Negative Lymphadenitis

C11 Male, 63 Prostate: abscess formation Positive Prostatitis

C12 Female, 53 Lung: abscess formation, necrosis Positive Pneumonia

C13 Male, 73 Subcutaneous and muscle: necrosis Negative Panniculitis

Abbreviation: ID, identification; CPS, capsular polysaccharide.  
aAll tissue sections of culture-confirmed melioidosis cases had site-specific positive cultures for B pseudomallei and/or stained positive for CPS. For the autopsy cases, only the positive 
CPS-stained tissue sections are mentioned.  
bCharacteristic histopathological findings for melioidosis include abscess formation, necrosis, granulomatous inflammation, and multinucleated giant cell formation.
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inflammation, accompanied by a wound healing response, 
characterized by hemorrhage, edema, granulation tissue, and 
fibrosis. Neutrophils predominated the mixed cellular infiltrate. 
The CPS staining was sparsely positive and not associated with 
the granulomas. Melioidosis with such involvement of the 
stomach is extremely uncommon.

DISCUSSION

Melioidosis has a major global health impact and a wide range 
of disease manifestations. Until now, detailed and comprehen-
sive descriptions of the histopathology of human melioidosis 
remain limited. In this study, we present a graphical overview 
of the histopathological manifestations, displaying a diverse 
spectrum of organ involvement in melioidosis.

Pneumonia and intra-abdominal abscesses are among the 
most common organ-specific entities of melioidosis, and there-
fore we identified a number of tissues derived from lung, liver, 
and spleen [2, 9, 10]. Histopathological features previously de-
scribed include abscess formation, necrotizing and/or granulo-
matous inflammation, multinucleated giant cells, hemorrhage, 
and fibrin thrombi [13–15, 19, 20]. In the Results and 
Discussion sections, we have divided our findings of autopsy 

cases into pulmonary and extrapulmonary involvement and 
make comparisons to a handful of biopsy cases.

Autopsy Cases and the Acute Stages of Disease

Melioidosis presents as an acute illness in the majority of cases 
[4, 9]. It was not possible to ascertain the duration of symptoms 
for all autopsy cases because the majority of cases presented as 
sudden and unexpected deaths, with limited circumstantial in-
formation, and no evidence of recent interaction with health-
care services related to possible melioidosis. However, given 
the severity of disease, we considered the cases to represent 
acute disease. The acute stages of disease in our case series 
were characterized by suppurative and necrotizing inflamma-
tion in all cases and the majority of tissue analyzed.

Our autopsy cases represent severe illness with heavily pos-
itive staining for CPS. It is interesting to note that we did not 
identify any granulomas or multinucleated giant cells in the au-
topsy cases, the latter being considered as a hallmark of both 
acute and chronic disease [16]. We therefore presume that for-
mation of multinucleated giant cells occurs during chronic dis-
ease processes rather than in fulminant melioidosis sepsis. 
Similar findings were observed in chronic animal model studies 

Figure 1. Histopathology of pulmonary manifestations of fatal melioidosis. Images all show hematoxylin and eosin staining. (A) Example as part of a necrotizing and sup-
purative pneumonia with a highlighted area of an infiltrate in C2. (B) Necrotizing and suppurative pneumonia with area of extensive necrosis that contains minor influx of 
inflammatory cells in C3. (C) Necrotizing and suppurative pneumonia with area of intra-alveolar edema and hemorrhage in C4. (D) Pneumonia with organizing features in C5.
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(mice, goats) that showed giant cells to be present in later 
stages of disease, which suggests that time is required for its 
development [21, 22]. In vitro studies have shown that B pseu-
domallei can induce giant cell formation in phagocytic cell 
lines within hours after infection, but the clean and controlled 
culture environment is distinctly different from the complex 
in vivo situation in humans and other mammals [23, 24]. A 
human study reported fibrin thrombi to be present in 5 of 6 
autopsies, but it highlighted difficulties in its detection [19]. 
Nevertheless, fibrin thrombi were rarely observed in our 
case series despite severe disseminated disease of the autopsy 
cases and the previously described activation of coagulation in 
melioidosis [25].

Infrequent organ involvement included adrenal gland and 
bone marrow tissue. The Darwin Prospective Melioidosis 
Study identified adrenal abscesses in 5 melioidosis cases in a co-
hort of over 1000 melioidosis patients, and associated features 
reported in the literature were largely in line with the general 
histopathological features we observed [9, 12–15, 19]. Bone 
marrow followed a similar pattern of disease and further fea-
tures reported in the literature included a hypocellular marrow, 
hypoplasia with a left shift of granulocytes, and (possible) he-
mophagocytic lymphohistiocytosis [12–14, 19, 26–28].

Biopsy Cases and Evidence Pointing Towards Inhalation and Ingestion as 
Route of Infection

Chronic disease in melioidosis is considered a duration of 
symptoms of 2 months or longer [2], which we were able to 
identify in one of our biopsy cases (C9). Another case presented 
with symptoms of 42 days but with a travel history of 7 months 
ago to Thailand (C10), thereby suggesting a possible chronic 
disease process [7]. A third case had a symptom duration of 
3 days (C11), and symptom duration of the remaining cases re-
mains unknown. It is interesting to note that the 2 cases with a 
(possible) chronic duration were the only cases that presented 
with granulomas and multinucleated giant cells, consistent 
with granulomatous inflammation and multinucleated giant 
cell formation reflecting more of a chronic disease process; as 
previously noted, we encountered neither feature in the acute 
stages of disease in our autopsy series; although another expla-
nation could be the rapid onset and severity of disease and not 
acute disease in itself. The predominant inflammatory cell types 
in these cases showed more variation, reflecting the longer dis-
ease course in contrast to the acute disease stages in the autopsy 
cases.

Our biopsy cases provide evidence to suggest inhalation and 
ingestion as routes of infection as supported by the cases with 

Figure 2. Immunohistochemistry. (A) B pseudomallei (Bps) staining pattern of a necrotizing and suppurative pneumonia in C1. (B) Another example of a Bps staining pattern 
as part of a necrotizing and suppurative pneumonia in C2. (C) Bps staining pattern of a liver abscess in C3. (D) Bps staining pattern of an extensive suppurative prostatitis in C4.
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involvement of the mediastinal lymph node and the resected 
stomach. Inhalation and ingestion have previously both been 
implicated in contracting melioidosis in a case-control study 
[29]. Mediastinal melioidosis was present in one of our biopsy 
cases (C10). The Darwin Prospective Melioidosis Study report-
ed mediastinal lymphadenopathy/mass to be present in 99 cas-
es, and it has been proposed that this form of disease is due to 
inhalation of B pseudomallei [9]. This is further illustrated by a 
case report from Australia that established a genomic match be-
tween the clinical isolate of a case with pulmonary and medias-
tinal involvement and isolates collected by environmental air 

sampling [30]. Severe weather events in Australia and 
Singapore have been shown to increase the likelihood of pulmo-
nary presentations of melioidosis, supporting a shift from percu-
taneous to inhalation as portal of entry [31, 32]. We were further 
able to establish the presence of B pseudomallei in tissue of a re-
sected stomach by using the CPS staining (C9). This supports in-
gestion as another possible route of infection, although 
involvement of the stomach is not frequently encountered, as ev-
idenced by the reporting of only 10 cases with a gastro/paraintes-
tinal mass in the Darwin Prospective Melioidosis Study [9]. It is 
interesting to note that B pseudomallei has been detected in 

Figure 3. Histopathology of extrapulmonary manifestations of fatal melioidosis. Images all show hematoxylin and eosin staining. (A) Splenic abscess in C1. (B) Renal 
abscess in C2. (C) Liver abscess in C3 with a background of macrovesicular steatosis. (D) Extensive suppurative prostatitis in C4. (E) Adrenal abscess in C5. (F) Osteomy-
elitis of bone marrow with abscess and necrosis in C5.
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gastric biopsies of cases without symptoms pointing to melioido-
sis in Malaysia, but similar efforts in Thailand were unsuccessful 
[33, 34]. Nevertheless, the study in Thailand did show the pres-
ence of B pseudomallei in stool and rectal swabs of melioidosis 
cases, although the significance of these findings remains uncer-
tain because it could simply reflect patients with melioidosis 
pneumonia swallowing sputum containing B pseudomallei 
[34]. Gastrointestinal presence of B pseudomallei combined 
with an absence of symptoms is in line with an experimental 
mouse study that showed B pseudomallei to be able to colonize 
the gastrointestinal tract, with a preference for the stomach, after 
oral or intranasal inoculation, suggesting this site to serve as a 
reservoir for disease [35].

Strengths and Limitations

The strengths of our study include the rigorous approach of 
only selecting tissue sections of cases with site-specific positive 
cultures for B pseudomallei and/or positive CPS staining. This 
assured that we only included melioidosis-specific histopatho-
logical features in our graphical overview. All organs common-
ly associated with melioidosis have been included (eg, lung, 
liver, spleen, prostate). In addition, more rare disease 

manifestations have been included, such as stomach, resulting 
in an extensive melioidosis “atlas”.

A limitation of our study is the limited number of cases and 
absence of organs uncommonly associated with melioidosis, 
such as involvement of the central nervous system, the pathology 
of which has been described previously [36]. Availability of tissue 
was another limiting factor because some of our autopsy cases 
had more affected organs/tissue than were available for analysis, 
and we excluded negatively CPS-stained tissue (ie, autopsy cases 
only), which occasionally displayed features that could have been 
compatible with melioidosis. For example, the latter included an 
autopsy case with culture-confirmed kidney and mediastinal in-
volvement in which both were negative on CPS staining. 
Explanations for the negative CPS staining include sampling er-
rors or septicemia that prompted positive cultures. As a result, 
there is a high probability that selection bias and sampling bias 
have occurred. Due to the limited number of cases, we provided 
a descriptive graphical overview without formal statistical analy-
sis. Histopathological data remain scarce within the current body 
of literature on melioidosis. Our case series aims to add a system-
atic graphical resource, displaying characteristics of acute and 
chronic stages of human melioidosis in different organs.

Figure 4. Histopathology of biopsy specimens. Images all show hematoxylin and eosin staining. (A) Granuloma and necrosis in tissue of a resected stomach in C9 with a 
chronic duration of symptoms. (B) Mediastinal lymph node of C10 showing granulomatous inflammation. (C and D) Examples of multinucleated giant cells in mediastinal 
lymph node tissue of the same case C10.
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Implications for Practice

Clinical, radiological, and histopathological features of melioi-
dosis may be misrecognized as tuberculosis or other infections, 
thus hindering a correct diagnosis [16, 37–39]. Health profes-
sionals need to consider melioidosis when confronted with dis-
seminated disease alongside abscess formation and/or a 
necrotizing or granulomatous inflammation, and regardless 
of the presence of multinucleated giant cells. Thus, histological 
clues include (confluent) necrosis, (extensive) abscess forma-
tion, granulomata, and multinucleated giant cells. Because 
these features overlap with tuberculosis, pathogen-specific im-
munohistochemistry can be of adjunctive diagnostic utility. 
Indeed, it was immunohistochemistry upon autopsy that partly 
led to the organ-specific diagnosis of melioidosis in one of the 
cases of the multistate outbreak in the United States [8]. The 
CPS staining can be especially useful for stored tissue from di-
agnostic dilemma cases with possible melioidosis but in in-
stances in which previous cultures were negative or not 
available.

CONCLUSIONS

In conclusion, we found fatal melioidosis to be a necrotizing 
and suppurative inflammation with presence of large numbers 
of neutrophils in the acute stages of disease. The CPS staining 
proved beneficial in establishing support of a histopathological 
diagnosis. Our graphical overview can be used as an aid by in-
fectious diseases specialists, microbiologists, and pathologists.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.

Acknowledgments
We express our gratitude to David P. AuCoin of the University of 

Nevada, Reno for providing us with the monoclonal 4C4 antibodies. We 
additionally thank Nike Claessen and Wim J. V. van Est of Amsterdam 
UMC location University of Amsterdam for laboratory support and com-
posing of the multipanel figures, respectively. We also want to thank all 
members of the Dutch Melioidosis Study Group, the Darwin Prospective 
Melioidosis Study team, and the microbiology laboratory scientists at the 
Royal Darwin Hospital for their support.

Author contributions. JS, WJW, BJC, and JJTHR contributed to design; 
JS, MT, EB, BJC, and JJTHR contributed to data collection; JS and JJTHR 
contributed to analysis; JS contributed to writing with input from all au-
thors; WJW, BJC, and JJTHR supervised the work.

Financial support. This work was supported by an Amsterdam UMC 
PhD Scholarship (to JS) .

Potential conflicts of interest. All authors: No reported conflicts of 
interest.

References
1. Whitmore A, Krishnaswami CS. An account of the discovery of a hitherto unde-

scribed infective disease occurring among the population of Rangoon. Ind Med 
Gaz 1912; 47:262–7.

2. Wiersinga WJ, Virk HS, Torres AG, et al. Melioidosis. Nat Rev Dis Primers 2018; 
4:17107.

3. Limmathurotsakul D, Golding N, Dance DA, et al. Predicted global distribution of 
Burkholderia pseudomallei and burden of melioidosis. Nat Microbiol 2016; 1: 
15008.

4. Birnie E, Virk HS, Savelkoel J, et al. Global burden of melioidosis in 2015: a sys-
tematic review and data synthesis. Lancet Infect Dis 2019; 19:892–902.

5. Savelkoel J, Dance DAB, Currie BJ, Limmathurotsakul D, Wiersinga WJ. A call to 
action: time to recognise melioidosis as a neglected tropical disease. Lancet Infect 
Dis 2022; 22:e176–82.

6. Birnie E, Biemond JJ, Wiersinga WJ. Drivers of melioidosis endemicity: epidemi-
ological transition, zoonosis, and climate change. Curr Opin Infect Dis 2022; 35: 
196–204.

7. Birnie E, Savelkoel J, Reubsaet F, et al. Melioidosis in travelers: an analysis of 
Dutch melioidosis registry data 1985–2018. Travel Med Infect Dis 2019; 32: 
101461.

8. Gee JE, Bower WA, Kunkel A, et al. Multistate outbreak of melioidosis associated 
with imported aromatherapy spray. N Engl J Med 2022; 386:861–8.

9. Currie BJ, Mayo M, Ward LM, et al. The Darwin Prospective Melioidosis Study: a 
30-year prospective, observational investigation. Lancet Infect Dis 2021; 21: 
1737–46.

10. Hantrakun V, Kongyu S, Klaytong P, et al. Clinical epidemiology of 7126 melioi-
dosis patients in Thailand and the implications for a national notifiable diseases 
surveillance system. Open Forum Infect Dis 2019; 6:ofz498.

11. Trinh TT, Nguyen LDN, Nguyen TV, et al. Melioidosis in Vietnam: recently im-
proved recognition but still an uncertain disease burden after almost a century of 
reporting. Trop Med Infect Dis 2018; 3:39.

12. Patterson MC, Darling CL, Blumenthal JB. Acute melioidosis in a soldier home 
from South Vietnam. JAMA 1967; 200:447–51.

13. Greenawald KA, Nash G, Foley FD. Acute systemic melioidosis. Autopsy findings 
in four patients. Am J Clin Pathol 1969; 52:188–98.

14. Weber DR, Douglass LE, Brundage WG, Stallkamp TC. Acute varieties of melioi-
dosis occurring in U. S. soldiers in Vietnam. Am J Med 1969; 46:234–44.

15. Wong KT, Puthucheary SD, Vadivelu J. The histopathology of human melioido-
sis. Histopathology 1995; 26:51–5.

16. Stockton JL, Torres AG. Multinucleated giant cell formation as a portal to chronic 
bacterial infections. Microorganisms 2020; 8:1637.

17. Wong KT, Vadivelu J, Puthucheary SD, Tan KL. An immunohistochemical meth-
od for the diagnosis of melioidosis. Pathology 1996; 28:188–91.

18. Marchetti R, Dillon MJ, Burtnick MN, et al. Burkholderia pseudomallei capsular 
polysaccharide recognition by a monoclonal antibody reveals key details toward a 
biodefense vaccine and diagnostics against melioidosis. ACS Chem Biol 2015; 10: 
2295–302.

19. Atisook K, Panyathanya R. Acute systemic melioidosis: an autopsy study of six 
cases. Southeast Asian J Trop Med Public Health 1988; 19:637–42.

20. Puthucheary SD, Vadivelu J, Wong KT, Ong GS. Acute respiratory failure in me-
lioidosis. Singapore Med J 2001; 42:117–21.

21. Conejero L, Patel N, de Reynal M, et al. Low-dose exposure of C57BL/6 mice to 
Burkholderia pseudomallei mimics chronic human melioidosis. Am J Pathol 
2011; 179:270–80.

22. Soffler C, Bosco-Lauth AM, Aboellail TA, Marolf AJ, Bowen RA. Pathogenesis of 
percutaneous infection of goats with Burkholderia pseudomallei: clinical, patho-
logic, and immunological responses in chronic melioidosis. Int J Exp Pathol 2014; 
95:101–19.

23. Harley VS, Dance DA, Drasar BS, Tovey G. Effects of Burkholderia pseudomallei 
and other Burkholderia species on eukaryotic cells in tissue culture. Microbios 
1998; 96:71–93.

24. Kespichayawattana W, Rattanachetkul S, Wanun T, Utaisincharoen P, Sirisinha S. 
Burkholderia pseudomallei induces cell fusion and actin-associated membrane 
protrusion: a possible mechanism for cell-to-cell spreading. Infect Immun 
2000; 68:5377–84.

25. Kager LM, van der Poll T, Wiersinga WJ. The coagulation system in melioidosis: 
from pathogenesis to new treatment strategies. Expert Rev Anti Infect Ther 2014; 
12:993–1002.

26. Cherian T, John TJ, Ramakrishna B, Lalitha MK, Raghupathy P. Disseminated 
melioidosis. Indian Pediatr 1996; 33:403–6.

27. Smith S, Munas AM, Hanson J. Hemophagocytic lymphohistiocytosis complicat-
ing melioidosis. Am J Trop Med Hyg 2018; 99:557–8.

28. Beig J, Read K, Welch D, Bhally H. Melioidosis with possible haemophagocytic 
lymphohistiocytosis. N Z Med J 2017; 130:76–9.

29. Limmathurotsakul D, Kanoksil M, Wuthiekanun V, et al. Activities of daily living 
associated with acquisition of melioidosis in northeast Thailand: a matched case- 
control study. PLoS Negl Trop Dis 2013; 7:e2072.

Histopathology of Human Melioidosis • OFID • 9

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad367#supplementary-data


30. Currie BJ, Price EP, Mayo M, et al. Use of whole-genome sequencing to link 
Burkholderia pseudomallei from air sampling to mediastinal melioidosis, 
Australia. Emerg Infect Dis 2015; 21:2052–4.

31. Currie BJ, Jacups SP. Intensity of rainfall and severity of melioidosis, Australia. 
Emerg Infect Dis 2003; 9:1538–42.

32. Lo TJ, Ang LW, James L, Goh KT. Melioidosis in a tropical city state, Singapore. 
Emerg Infect Dis 2009; 15:1645–7.

33. Khosravi Y, Dieye Y, Poh BH, et al. Culturable bacterial microbiota of the stomach 
of Helicobacter pylori positive and negative gastric disease patients. 
ScientificWorldJournal 2014; 2014:610421.

34. Teparrukkul P, Kongkasame W, Chitsaeng S, et al. Gastrointestinal tract involve-
ment in melioidosis. Trans R Soc Trop Med Hyg 2017; 111:185–7.

35. Goodyear A, Bielefeldt-Ohmann H, Schweizer H, Dow S. Persistent gastric colo-
nization with Burkholderia pseudomallei and dissemination from the gastrointes-
tinal tract following mucosal inoculation of mice. PLoS One 2012; 7:e37324.

36. Koszyca B, Currie BJ, Blumbergs PC. The neuropathology of melioidosis: two cas-
es and a review of the literature. Clin Neuropathol 2004; 23:195–203.

37. Garg R, Shaw T, Vandana KE, Magazine R, Mukhopadhyay C. Melioidosis in sus-
pected recurrent tuberculosis: a disease in disguise. J Infect Dev Ctries 2020; 14: 
312–6.

38. John TJ. Melioidosis, the mimicker of maladies. Indian J Med Res 2004; 119: 
vi–viii.

39. Chow TK, Eu LC, Chin KF, et al. Incidental splenic granuloma due to 
Burkholderia pseudomallei: a case of asymptomatic latent melioidosis? Am J 
Trop Med Hyg 2016; 94:522–4.

10 • OFID • Savelkoel et al


	A Graphical Overview of the Histopathology of Human Melioidosis: A Case Series
	METHODS
	Staining and Evaluation of Tissue Sections
	Inclusion and Exclusion of Cases and/or Tissue Sections
	Ethical Considerations and Patient Consent Statement

	RESULTS
	Autopsy Cases: Pulmonary Manifestations
	Autopsy Cases: Extrapulmonary Manifestations
	Biopsy Cases

	DISCUSSION
	Autopsy Cases and the Acute Stages of Disease
	Biopsy Cases and Evidence Pointing Towards Inhalation and Ingestion as Route of Infection
	Strengths and Limitations
	Implications for Practice

	CONCLUSIONS
	Supplementary Data
	Acknowledgments
	References


