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Abstract

Background

Melioidosis, a life-threatening infection caused by the gram negative bacterium Burkholderia
pseudomallei, can involve almost any organ. Bone and joint infections (BJI) are a recog-
nised, but incompletely defined, manifestation of melioidosis that are associated with signifi-
cant morbidity and mortality in resource-limited settings.

Methodology/principal findings

We identified all individuals with BJI due to B. pseudomallei managed at Cairns Hospital in
tropical Australia between January 1998 and June 2023. The patients’ demographics, their
clinical findings and their treatment were correlated with their subsequent course.

Of 477 culture-confirmed cases of melioidosis managed at the hospital during the study
period, 39 (8%) had confirmed BJI; predisposing risk factors for melioidosis were present in
37/39 (95%). However, in multivariable analysis only diabetes mellitus was independently
associated with the presence of BJI (odds ratio (95% confidence interval): 4.04 (1.81-9.00),
p = 0.001). BJl was frequently only one component of multi-organ involvement: 29/39 (74%)
had infection involving other organs and bacteraemia was present in 31/39 (79%). Of the 39
individuals with BJI, 14 (36%) had osteomyelitis, 8 (20%) had septic arthritis and 17 (44%)
had both osteomyelitis and septic arthritis; in 32/39 (83%) the lower limb was involved. Sur-
gery was performed in 30/39 (77%). Readmission after the initial hospitalisation was neces-
sary in 11/39 (28%), 5/39 (13%) had disease recrudescence and 3/39 (8%) had relapse;
4/39 (10%) developed pathological fractures. ICU admission was necessary in 11/39 (28%)
but all 11 of these patients survived. Only 1/39 (3%) died, 138 days after admission, due to
his significant underlying comorbidity.
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Conclusions

The case-fatality rate from melioidosis BJI in Australia’s well-resourced health system is
very low. However, recrudescence, relapse and orthopaedic complications are relatively
common and emphasise the importance of collaborative multidisciplinary care that includes
early surgical review, aggressive source control, prolonged antibiotic therapy, and thorough,
extended follow-up.

Author summary

Bone and joint infections (BJI) are a recognised and life-threatening manifestation of
melioidosis but frequently only one component of multi-organ involvement. Almost all
patients with BJI due to Burkholderia pseudomallei have risk factors that predispose them
to developing melioidosis, but diabetes appears to be the most closely associated with BJI.
The vasculopathy, neuropathy, structural deformity and decreased immunity that is seen
in many individuals with diabetes increases their risk of lower limb infection and these
factors—combined with greater exposure to B. pseudomallei in the soil and surface water—
might explain the lower limb predominance that is seen in many series of melioidosis-
related BJI. Patients require early multimodal imaging, appropriate microbiological sam-
pling, early surgical review, prompt source control and an adequate duration of antibiotic
therapy—and, in many cases, critical care support-to ensure optimal outcomes. Collabora-
tive, multidisciplinary care reduces the case-fatality rate of melioidosis BJI, but recrudes-
cence, relapse and orthopaedic complications are common in survivors and therefore
extended patient follow up is essential.

Introduction

Melioidosis—the disease caused by the opportunistic, environmental gram negative bacterium
Burkholderia pseudomallei-is endemic to tropical regions, particularly northern Australia and
Southeast Asia. Infection can occur via percutaneous inoculation, inhalation, aspiration, and
occasionally ingestion [1]. Melioidosis can affect otherwise healthy individuals, but ~85% have
predisposing risk factors for the infection that include diabetes mellitus, hazardous alcohol
use, chronic kidney disease, chronic lung disease, malignancy, and immunosuppression [2,3].

Pneumonia is the most common clinical manifestation of melioidosis but almost any organ
can be affected, and the disease often involves the skin, the genitourinary tract, the liver or the
spleen [2]. Bone and joint infections (BJI) are also a recognised manifestation of melioidosis.
In a large, prospective Australian study, 1% and 3% of patients presented with osteomyelitis
and septic arthritis, respectively, with an additional 6% subsequently diagnosed with BJT dur-
ing their illness [2].

Multi-organ involvement is common in melioidosis, and BJI frequently represents just one
manifestation of disseminated disease. This is likely to explain why the case-fatality rate of
patients with BJT due to B. pseudomallei can rise to 37% in low- and middle income countries
(LMIC) [4,5]. Even in well-resourced settings, with access to advanced critical care support, a
case-fatality rate of 8% has been reported and many survivors experience long-term disability
[6,7]. Prompt recognition of the infection is therefore essential and clinicians must have a high
level of suspicion for BJI in cases of melioidosis. Meanwhile, patients require early multimodal
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imaging, appropriate microbiological sampling, early surgical review, prompt source control
and an adequate duration of antibiotics with activity against B. pseudomallei to ensure optimal
outcomes [8,9].

The incidence of melioidosis in Far North Queensland (FNQ) in tropical Australia has dou-
bled in the last 20 years although the case-fatality rate has fallen significantly over the same
period [10,11]. Melioidosis BJI is a common presentation of the disease in FNQ, and outcomes
are generally good. We aimed to document the multidisciplinary approach to the management
of melioidosis BJI in this well-resourced setting to provide insights for the optimal manage-
ment of this life-threatening infection.

Methods
Ethics statement

The Far North Queensland Human Research Ethics Committee provided ethical approval for
the study (HREC/15/QCH/46-977). As the data were retrospective and de-identified, the
Committee waived the requirement for informed consent.

Cairns Hospital is a 531-bed, tertiary referral hospital in FNQ and the sole provider for
both public orthopaedic and microbiological services in the region. The hospital serves a popu-
lation of about 290,000 people dispersed across an area of 380,000 km?; approximately 17% of
the population identify as Aboriginal or Torres Strait islander Australians (hereafter respec-
tively referred to as First Nations Australians).

We identified all cases of culture-confirmed B. pseudomallei infection between January 1%,
1998, and June 1%, 2023, managed at Cairns Hospital using the state-wide electronic laboratory
database AUSLAB. Since October 2016 these data have been collected prospectively. In each
case, where possible, the hospital medical record was reviewed and the patients’ demographics,
comorbidities, their site of infection, surgical management, antibiotic therapy, and clinical
course were recorded.

A child was defined as an individual aged <16 years. If an individual did—or did not—
identify as a First Nations Australian, this was also documented. If individuals lived in the
neighbouring Torres and Cape Hospital and Health Service—a region that comprises the Cape
York Peninsula and the Torrs Strait Islands—they were said to have a remote residence. Indi-
viduals presenting between December 1 and April 30, were said to have a wet season presenta-
tion [12]. An individual with less than 2 months of preceding symptoms was said to have an
acute presentation; if symptoms had persisted for >2 months individuals were said to have a
chronic presentation [2]. Pre-existing risk factors for melioidosis—including diabetes mellitus,
hazardous alcohol use, chronic kidney disease, chronic lung disease, malignancy, and immu-
nosuppression—were sought and recorded as described previously [13]. If there were insuffi-
cient data to determine if a risk factor was not present, it was presumed to be absent. If
patients had none of these six predisposing factors, they were said to have no risk factors for
melioidosis.

Imaging data including plain radiographs, computed tomography (CT), magnetic reso-
nance imaging (MRI) and positron emission tomography (PET) were collected. Melioidosis-
related BJT was defined as septic arthritis or osteomyelitis confirmed by culture of B. pseudo-
mallei from joint fluid or bone culture, or intra-operative findings—or a radiology report—
consistent with BJI with B. pseudomallei isolated concurrently from a microbiological sample
from elsewhere in the body. Patients with BJI were then divided into three categories: osteomy-
elitis alone, septic arthritis alone or both osteomyelitis and septic arthritis. Primary BJI was
defined as patients with bone and joint symptoms (such as localised pain and swelling or an
inability to weight bear) at presentation; secondary BJI was said to be present if patients lacked
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bone or joint symptoms at presentation, complaining instead of symptoms referrable to other
systems.

Operative management was defined as an intervention in an operating theatre; details of
the procedure were collected from the medical record. Drainage performed by an interven-
tional radiologist was also defined as an interventional procedure, but ward-based, bedside
aspirates or debridement were not. The cumulative number of procedures for each case was
recorded.

Complications of the BJI, admission to the Intensive Care Unit (ICU) and death attribut-
able to melioidosis were also recorded. Recrudescence was defined as recurrence during the
period that the patient was prescribed antibiotic therapy; relapse was defined as recurrence
after completion of their prescribed antibiotic therapy. Recrudescence and relapse were
defined as either microbiologically confirmed (if there was a positive concomitant culture of B.
pseudomallei) or as clinically suspected if cultures were negative, but an attending specialist
infectious diseases physician and orthopaedic surgeon thought that it was likely and escalated
therapy accordingly. Since 2022, whole-genome sequencing has been available to differentiate
recurrence and re-infection in patients with melioidosis at our centre.

De-identified data were entered into an electronic database (Microsoft Excel) and analysed
using statistical software (Stata version 14.2). Univariable analysis was performed using logistic
regression, the % or the Wilcoxon rank sum test where appropriate. Multivariable analysis was
performed using backwards stepwise logistic regression; variables were selected for inclusion
in the multivariable model if they had a p<0.20 in univariable analysis. Illustrations were cre-
ated using online illustration templates (BioRender).

Results

There were 477 patients with culture-confirmed melioidosis during the study period; their
median (interquartile range, IQR) age was 54 (42-65) years, 333 (70%) were male, 232 (49%)
identified as a First Nations Australian. There were 39/477 (8%) with confirmed BJI, their
demographic characteristics and comorbidities are presented in Table 1. Notably, no children
were diagnosed with BJI during the study period and no BJI involved prosthetic material. In
multivariable analysis of all patients diagnosed with melioidosis, only diabetes mellitus (odds
ratio (95% confidence interval): 4.04 (1.81-9.00), p = 0.001) was independently associated with
the development of BJI. The median (IQR) glycosylated haemoglobin in the 31 diabetic
patients with BJT was 10.3% (9.4-12.8) compared to a figure of 9.8% (7.5-11.9) in the 199 dia-
betic patients without confirmed BJI (p = 0.053).

Only 10/39 (26%) patients presented with primary BJI and 5 (50%) of these had melioidosis
involving other organs concurrently. There were 29/39 (74%) who presented with other mani-
festations of melioidosis with BJI only diagnosed subsequently (S1 Table). Overall, 32/39
(82%) had a positive culture for B. pseudomallei within 48 hours of their admission, most com-
monly this was a blood culture. In total, 31/39 (79%) were bacteraemic, including 6/10 (60%)
with primary BJL

There were 14/39 (36%) with osteomyelitis, 8/39 (21%) had septic arthritis and 17/39 (44%)
with both osteomyelitis and septic arthritis (S2 Table). In the subset of patients with both oste-
omyelitis and septic arthritis, 13/17 (76%) had adjacent bones and joints involved while 4/17
(24%) had non-adjacent bones involved (S1 Table). Most (32/39, 82%) patients had a lower
limb BJI, although there was a concurrent BJI in the upper limb in 4/32 (13%) of these patients.
The tibia was the most common site for osteomyelitis while the knee was the most common
site of septic arthritis (Fig 1).
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Table 1. Comparison of the demographic characteristics, comorbidities, and clinical course of individuals with melioidosis who did—And did not—Have bone and

joint involvement.

Alln=477% Bone or joint involvement No bone or joint involvement Odds ratio (95% confidence P
n=39 n =438 interval)
Age (years) 54 (42-65) 52 (42-57) 55 (42-66) 0.96 (0.88-1.05) 0.41
Child <16 years 23 (5%) 0 23 (5%) - -
Male sex 332 (70%) 27 (69%) 305 (70%) 0.98 (0.48-2.00) 0.96
First Nations Australians 232 (49%) 27 (69%) 205 (47%) 2.56 (1.26-5.18) 0.009 ©
Remote residence 171 (36%) 20 (51%) 151 (34%) 2.00 (1.04-3.86) 0.04°¢
Wet season presentation 355 (74%) 25 (64%) 330 (75%) 0.58 (0.29-1.16) 0.13°¢
Acute presentation 426/471 35 (90%) 391/432 (91%) 0.92 (0.31-2.71) 0.88
(90%)
Bacteraemic 332 (70%) 31 (79%) 301 (69%) 1.76 (0.79-3.94) 0.17 ¢
Diabetes mellitus 237/460 31 (79%) 206 (49%) 4.04 (1.82-9.00) 0.001 ©
(51%)
Hazardous alcohol use 171/444 15 (38%) 156 (39%) 1.00 (0.51-1.96) 0.99
(39%)
Current tobacco smoker 221/441 21 (54%) 200 (50%) 1.18 (0.61-2.28) 0.63
(50%)
Chronic lung disease 95/447 (21%) 7 (18%) 88 (22%) 0.79 (0.34-1.86) 0.60
Chronic kidney disease 59/458 (13%) 3 (8%) 56 (13%) 0.54 (0.16-1.81) 0.32
Immunosuppression 571327 (17%) 6/25 (24%) 51/302 (17%) 1.55 (0.59-4.08) 0.37
Malignancy 47/446 (11%) 1(3%) 46 (11%) 0.21 (0.03-1.54) 0.12°¢
No risk factors for 73 (15%) 2 (5%) 17 (16%) 0.28 (0.07-1.19) 0.08 €
melioidosis
Septic shock 99/443 (22%) 8/38 (21%) 91/405 (22%) 0.92 (0.41-2.08) 0.84
ICU admission 118 (25%) 11 (28%) 111 (25%) 1.16 (0.56-2.40) 0.70
Died 55 (12%) 1(3%) 54 (12%) 0.18 (0.03-1.39) 0.10

All numbers are presented as median (interquartile range) or the absolute number (%).

ICU: Intensive care unit.

? Retrospective data collection from cases before October 2016 resulted in some missing data prior to this time and, accordingly, a difference in the denominator for
some variables.
® b value determined using univariable logistic regression

¢ Variables selected for the multivariable analysis

https://doi.org/10.1371/journal.pntd.0012317.t001

Plain radiographs, CT, MRI, and PET imaging were performed in 36/39 (92%), 11/39
(28%), 28/39 (72%) and 2/39 (5%), respectively. Evidence of a BJI was present on the initial
plain radiograph in 2/36 (5%) and on the initial CT in 4/11 (36%). In comparison, initial MRI
detected evidence of BJI in all 28 studies: osteomyelitis in 20/28 (71%), septic arthritis in 4/28
(14%) and both osteomyelitis and septic arthritis in 4/28 (14%) (Fig 2). PET-CT imaging was
performed in two bacteraemic patients; in one the source was obscure (a CT chest, abdomen
and pelvis had been normal) while in the second the patients was persistently bacteraemic
despite appropriate therapy with meropenem. In both, the PET scan identified foci consistent
with osteomyelitis which was subsequently confirmed with MRI (Fig 3).

Overall, 9/39 (23%) were managed non-operatively with antibiotic therapy alone. Eight of
these 9 patients (8/9, 89%) had uncomplicated osteomyelitis. One patient had pelvic osteomye-
litis and adjacent sacroiliac joint septic arthritis however surgery was precluded in this case
due to difficulty in accessing the sacroiliac joint.
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Fig 1. Anatomical distribution of the osteomyelitis and septic arthritis in the cohort. n = number of patients. Note:
some patients had multiple sites involved. Figure created with BioRender.com.

https://doi.org/10.1371/journal.pntd.0012317.g001

The remaining 30/39 (77%) had both operative management and antibiotic therapy. The
indication for the initial operation was septic arthritis in 23/30 (76%) and osteomyelitis in 7/30
(24%). The initial joint washout for septic arthritis was performed arthroscopically in 14/23
(61%) and as an open procedure in 9/23 (39%). Of the 14 patients who initially had an arthro-
scopic washout, there were 3 (21%) who subsequently required an open washout. All 7
debridements for osteomyelitis were performed as open procedures.

Patients with osteomyelitis who had surgical intervention had a median (IQR) of 2 (2-3)
procedures, patients with septic arthritis who had surgical intervention had a median (IQR) of
2 (1-3) procedures and patients with both osteomyelitis and septic arthritis who had surgical
intervention had a median (IQR) of 3 (1-5) procedures. Radiologically guided drainage was
performed in 6/39 (15%). This included 4 patients who had radiologically guided drainage in
addition to their surgical procedure.

All patients received intensive intravenous antibiotic treatment with ceftazidime or mero-
penem. The mean (95% CI) duration of total intravenous antibiotic therapy was 6.3 (5.5-7.1)
weeks for patients with osteomyelitis, 4.6 (3.3-6.0) weeks for patients with septic arthritis and
6.2 (5.4-7.0) weeks for those with both osteomyelitis and septic arthritis. All patients received
trimethoprim-sulfamethoxazole (TMP-SMX) as their initial oral eradication therapy, although
4/39 (10%) developed an adverse drug reaction. This necessitated a change to a second-line
agent (amoxycillin-clavulanate or doxycycline) in three patients while one—who was also
unable to tolerate either amoxycillin-clavulanate or doxycycline—had extended intravenous
meropenem therapy. The mean (95% CI) duration of oral eradication antibiotic therapy was
5.4 (4.5-6.4) months for patients with osteomyelitis, 4.9 (3.6-6.2) months for patients with
septic arthritis and 6.2 (4.7-7.8) months for those with both osteomyelitis and septic arthritis.

There were 11/39 (28%) that required admission to ICU; 8/11 (73%) required vasopressors,
6/11 (55%) required intubation and mechanical ventilation and 1/11 (9%) required
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Fig 2. Magnetic resonance imaging demonstrating osteomyelitis. (A) Humeral head osteomyelitis and sympathetic joint effusion (B) Mid femoral

osteomyelitis with residual abscess (C) Distal tibial osteomyelitis with abscess formation in lateral aspect of distal tibia.

https://doi.org/10.1371/journal.pntd.0012317.9g002

haemodialysis. All 11 patients admitted to ICU survived. Among the 39 patients with BJI,
there were 11 (39%) who required readmission; 6/39 (15%) required one readmission and 2/39
(5%), 1/39 (3%) and 2/39 (5%) required two, three and four readmissions respectively. Read-
mission was usually for a recrudescence of symptoms which required source control, usually
repeated surgical drainage of the BJI (S1 Table).

The majority (20/39 (51%) received at least a proportion of their intravenous antibiotic
therapy by elastomeric infusion via peripherally inserted central catheter in the hospital’s out-
patient antibiotic therapy (OPAT) programme; 17/19 (89%) who did not receive intravenous
antibiotics in the OPAT programme lived in rural or remote settings where this service was
not able to be delivered for much of the study period. The median (IQR) overall length of hos-
pitalisation (which includes the time spent on the OPAT programme) was 39 (21-61) days;
there was no difference in length of hospitalisation between the patients who did and did not
have operative management (median (IQR): 44 (11-75) versus 39 (23-60) days, p = 0.71).
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Fig 3. Imaging findings in patient with osteomyelitis of right femoral neck. (A) Plain x-ray on day 3 of admission which showing no radiological evidence of
osteomyelitis (B) PET-CT imaging on day 9 of admission demonstrating osteomyelitis of right femoral neck (arrowed) (C) MRI imaging on day 13 of admission
demonstrating osteomyelitis of right femoral neck (arrowed).

https:/doi.org/10.1371/journal.pntd.0012317.g003

The most common orthopaedic complication of the BJI was pathological fracture (4/39,
10%) (Table 2 and Fig 4). There were 5/39 (13%) who had recrudescence and 3/39 (8%) who
had relapse; in all 8 cases recrudescence or relapse occurred at the site of the primary BJI.
Microbiological confirmation was possible in 4 (50%), but all 4 of these recurrences occurred
before the local availability of whole-genome sequencing, meaning that reinfection could not

be completely excluded (although recurrence at the initial site of infection makes this very
unlikely). There were 3/5 (60%) episodes of recrudescence and 1/3 (33%) episodes of relapse
that were not microbiologically confirmed but were all reviewed by an infectious diseases and
orthopaedic specialist who felt that recrudescence or relapse was present (S1 Table). Patients
with BJI were more likely to have recrudescence or relapse than patients with melioidosis with-

out BJI during the study period (8/39 (18%) versus 19/438 (4%), p = 0.003).

The sole patient to die in the series was an elderly man with multiple medical comorbidities
who presented to hospital after a fall with delirium and community acquired pneumonia. His
delirium slowly improved, and he was transferred to the rehabilitation ward to improve his
mobility. Eight weeks after his admission he developed fever and ankle pain. His blood cultures
grew B. pseudomallei and he was diagnosed with osteomyelitis of his talus which was managed

non-operatively. His infection initially responded to 6 weeks of intravenous meropenem, but

Table 2. Complications from melioidosis bone and joint infections.

Complication Number (%)

Orthopaedic. Pathological fracture 4 (10%)
Arthroscopic procedure converted to open 3 (8%)
Sinus formation 2 (5%)
Bone defect requiring Masquelet procedure 1(3%)
Chronic osteomyelitis 1(3%)
Non-union 1 (3%)
Recrudescence 5(13%)

Infection related. Adverse reaction to antibiotics 4 (10%)
Relapse 3 (8%)
Death 1(3%)

https://doi.org/10.1371/journal.pntd.0012317.t1002
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Fig 4. Pathological fracture of distal tibia. (A) plain x-ray (B) CT (C) MRL

https://doi.org/10.1371/journal.pntd.0012317.g004

he was unable to tolerate either TMP/SMX or amoxycillin/clavulanic acid which caused a rash
and vomiting, respectively. The attending infectious diseases team elected to continue his
intravenous therapy, however, despite receiving a total of 10 weeks of meropenem, he died 138
days after his admission to hospital from evolving respiratory failure due to his underlying
chronic obstructive pulmonary disease, pulmonary fibrosis, and morbid obesity.

Discussion

BJI is a common manifestation of melioidosis in this region of tropical Australia and is associ-
ated with significant morbidity. However, access to advanced imaging and laboratory support
and specialist orthopaedic, infectious diseases and critical care services in Australia’s well-
resourced public health system means that patients with melioidosis and BJI in the region have a
very low case-fatality rate. Case-fatality rates of up to 37% have been reported from case series in
LMIC settings [4,5] (Table 3). However, although 79% of patients in our series were bacterae-
mic, and almost 30% required ICU care, there was only a single death, which was explained, pre-
dominantly, by the patient’s underlying comorbidities. These encouraging results are likely to be
explained by local clinicians’ early recognition of the disease and prompt empirical antibiotic
therapy with activity against B. pseudomallei. This, in turn, is enabled by electronically promul-
gated management guidelines and reliable antibiotic supply chains. Although more than half of
the patients resided in remote communities up to 900 kilometres from the hospital, an effective
local hub-and-spoke model enabled early transfer to a tertiary hospital where patients were able
to access collaborative, multidisciplinary care including sophisticated ICU support, specialist
orthopaedic services, aggressive source control and prolonged antibiotic therapy [14,15].

The association between diabetes and BJI in this cohort echoes findings from other series,
[4-6,17-19], however, this is the first study to demonstrate that diabetes is independently
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Table 3. Comparison of studies of melioidosis bone and joint infections from the literature.

Authors Year
Kosuwon et al. [6] 2003
Pande et al. [16] 2011
Shetty et al. [7] 2015
Teparrukkul et al. [4] 2017
Zueter et al. [5] 2017
Gupta et al. [17] 2021
Wu et al. [18] 2021
Current study 2024

Study period
1997-2000
2001-2007
1989-2015
2012-2014
2008-2014
2018-2020
2010-2019
1998-2022

SA: Septic arthritis; OM: osteomyelitis.

Country n Diedn (%) | SA, OMorboth | Lower limb predominance | Proportion with diabetes

Thailand 25 0 SA No? 72%
Brunei 8 0 Both Yes 64%
Australia 50 4 (8%) Both Yes 56%
Thailand 74 25 (34%) SA Yes 88%
Malaysia | 19° | 7 (37%) Both Yes 84%
India 11 1 (9%) Both No 82%
China 44 9 (20%) Both Yes 86%
Australia 39 1(3%) Both Yes 78%

* In multivariable analysis upper limb involvement was associated with melioidosis BJI

® Also included soft tissue infection due to melioidosis; only 9/19 (47%) had bone and joint involvement

https://doi.org/10.1371/journal.pntd.0012317.t1003

associated with BJT in individuals with melioidosis. Diabetes was the most common predispos-
ing factor for melioidosis in the region during the study period, but in multivariable analysis,
patients with melioidosis and diabetes were over four times as likely to have BJI than melioido-
sis patients without diabetes. It is notable that over 80% of the diabetic patients with BJI had
poorly controlled diabetes with a glycosylated haemoglobin > 9%. Diabetes results in blunted
B. pseudomallei-specific cellular responses during acute infection and individuals with diabetes
mellitus have a 12-fold higher risk of melioidosis after adjustment for age, sex, and other risk
factors [1,20,21]. The vasculopathy, neuropathy, structural deformity and decreased immunity
that is seen in many individuals with diabetes increases their risk of lower limb infection

and these factors—combined with greater exposure to B. pseudomallei in the soil and surface
water—might explain the observation that over 80% of B]I in the cohort involved the lower
limb, a figure than rose to almost 90% in diabetics [22]. The fact that BJI was seen more com-
monly in First Nations Australians and individuals living remotely is likely to be explained by
the greater burden of diabetes—and higher proportion of First Nations Australians—in the
region’s remote communities where there is also greater exposure to the pathogen [2,13,23].

It was also notable that no child was diagnosed with melioidosis BJI during the 25-year
study period. Children are less likely to develop melioidosis, although life-threatening and
even fatal disease can occur [24-26]. The lower incidence of melioidosis in children is
explained predominantly by the lower rate of the comorbidities - including diabetes - that pre-
dispose individuals to developing the disease. It was also notable that there were no patients
who had a BJI involving prosthetic material [19]. A similarly low rate of B. pseudomallei B]I
involving prosthetic material was noted in a previous Thai study, which was hypothesised to
be at least partly due to the lower rate of joint replacement in that country [4]. However, this is
assuredly not the case in Australia where the prevalence of joint replacement is 23%, and 13%
in those aged >85 years and 65-84 years, respectively [27]. The FNQ region has a population
of over 290,000 and joint replacements and orthopaedic implants are performed every day in
local hospitals, therefore the absence of a single BJI involving prosthetic material over the >25
years of this study is a striking finding.

There is significant variation in the proportion of patients with melioidosis who develop
BJI in the international literature. This is likely to be related to the nature of the study (pro-
spective versus retrospective), the authors of the study (case series reported by orthopaedic
surgeons may have a greater focus on BJI) and the definition of BJI employed in the study (was
BJI the primary presentation or was it one manifestation of multiorgan involvement). The
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landmark Darwin Prospective Melioidosis Series (DPMS) reported that 4% of their patients
presented with BJI, with up to 6% developing secondary BJI (3% septic arthritis and 3% osteo-
myelitis) in the subsequent 3 weeks [2]. This proportion is similar to the proportion of patients
with BJI in our cohort and in other high volume Australian centres [28]. Asian series typically
report a higher proportion of BJI in their case series [4,6,29], with one Indian study [30]
reporting BJI in 48% of their cases. It is unclear if this is the result of differences in the patient
cohort (Asian series typically have a far greater proportion of patients with diabetes), differ-
ences in exposure history (Asian series often have a greater proportion of agricultural workers)
or differences in access to diagnostic support [21]. Geographic variation in the clinical pheno-
type has been noted with other manifestations of melioidosis, which have been linked to car-
riage of the Bimg,, virulence gene [31]. While patients infected with B. pseudomallei isolates
carrying the Bimp,, and fhaB3 genes may have a more complicated clinical course [31,32], an
association between BJI involvement and individual virulence factors has yet to be established.

Early diagnosis of melioidosis is critical. Most deaths will occur within days of presentation,
but even among survivors, delays in diagnosis allow disease evolution, increasing the risk of more
complicated disease and long-term sequelae [1,11,33]. In this context it noteworthy that the sole
death in the cohort occurred in a patient in whom the diagnosis was delayed until over 6 weeks
after his hospitalisation. Clinicians should especially consider the diagnosis in patients presenting
with BJI and evidence of infection in other organs, particularly if they have risk factors for melioi-
dosis. In endemic regions this may influence the selection of empirical antibiotic regimens
although, of course, other pathogens may present with BJI as a component of disseminated infec-
tion [4,34,35]. It should be re-iterated that in most centres, the diagnosis of melioidosis can
only be confirmed with culture and this also precludes coinfection [1,36]. Serology is neither sen-
sitive—nor in endemic regions, specific enough—to guide clinical care [1].

Access to sophisticated diagnostic testing facilitated the diagnosis of melioidosis in our
cohort, which was also likely expedited by greater local clinical awareness of the infection after a
recent doubling of its local incidence [10]. Over 90% of the patients in the cohort with osteomye-
litis had an acute presentation and as radiological changes of acute osteomyelitis may not be visi-
ble in adults for 10-14 days, it was notable that in many cases, B. pseudomallei was isolated in
blood cultures before the BJI was diagnosed at a time when plain radiographs and CT imaging
were non-diagnostic [37]. Ready access to MRI and PET imaging in the cohort enabled early BJI
diagnosis and expedited source control, indeed, 72% of our cohort were able to have MRI imag-
ing and 5% were able to access PET-CT. Clearly, many patients in rural and remote locations—
particularly those in LMIC settings—will often not have access to this sophisticated imaging.
For clinicians working in these locations repeated symptom review, thorough physical examina-
tion, frequent culture and sequential plain imaging may be necessary to establish the diagnosis.

Even if melioidosis is diagnosed, suboptimal treatment increases the risk of early death and
of recrudescence and relapse which may be fatal [2,33,38]. In Australia, the rate of relapse is
much lower than in other jurisdictions which is explained, at least in part, by the longer
courses of intravenous antibiotic therapy prescribed for the infection [39,40]. Australian
guidelines recommend that patients with melioidosis and septic arthritis receive 4 weeks of
intravenous antibiotics followed by 3 months of oral antibiotics, while it is recommended that
patients with melioidosis and osteomyelitis receive 6 weeks of intravenous antibiotics followed
by 6 months of oral therapy [41]. However, even though patients in this cohort were prescribed
this therapy in a well-resourced universal health system, 13% of patients in the cohort had
recrudescence and 8% had disease relapse. This was frequently in the setting of suboptimal
adherence to oral eradication therapy which is partly explained by adverse drug reactions to
the high dose TMP/SMX prescribed as eradication therapy (S1 Table). Up to 30% of patients
prescribed TMP/SMX eradication will require a dose reduction or discontinuation of the
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therapy [42,43], and there is therefore interest in high volume centres in reducing the duration
of eradication therapy [44]. This might be achieved by extending the duration of intravenous
therapy and/or optimising source control [11,39].

Indeed, Australian guidelines for the management of melioidosis emphasise early, aggres-
sive source control, which is facilitated by access to sophisticated imaging and specialist surgi-
cal support in the country’s well-resourced universal health system [40]. However, despite the
significant literature on the appropriate duration of antibiotic therapy in melioidosis, there is
very little published data that describes optimal surgical approaches to management of the dis-
ease [1,11,45]. The limited number of published series of BJI in patients with melioidosis, the
variation in its presentation, the heterogeneity of the affected patients and the diversity of
health systems in which they have been managed has precluded the publication of definitive,
comprehensive guidelines. However, some principles are clearly important. The fact that BJI
was present so commonly in our patients with melioidosis, means that the diagnosis of B]I
needs to be considered in all patients with melioidosis and compatible symptoms—especially
in those with diabetes mellitus and bacteraemia—as unrecognised osteomyelitis is an impor-
tant predictor of relapse [39]. Our cohort also shows that when BJI is present it is also often
multifocal and that if septic arthritis is present, the adjacent bone is also frequently involved
which portends a more complicated course [7].

Well established guidelines for the management of septic arthritis recommend early wash-
out with the aim of reducing bacterial load, removing inflammatory cytokines, and decreasing
intraarticular pressure [46]. Meanwhile thorough drainage, extensive debridement of necrotic
tissue, appropriate dead-space management, adequate soft-tissue coverage, and the restoration
of blood supply are critical to the management of osteomyelitis [7,9]. The optimal surgical
approach depends largely on the anatomical location and the patient’s suitability for surgery.
In the absence of intraosseous collections, sequestrae, involucra, or extraosseous/subperiosteal
collections, patients with melioidosis osteomyelitis can be managed with antibiotics alone.
However, patients who are not responding to therapy, should be reimaged and, if necrotic
bone is identified thorough surgical debridement is usually necessary [7].

The high rate of readmission, recrudescence and relapse seen in our series suggests that
thorough aggressive source control and close longitudinal follow up are essential components
of care. Almost half of the patients in our cohort had repeated washout or debridement proce-
dures and these sustained efforts to achieve optimal source control are likely to have contrib-
uted to the cohort’s positive outcomes. In another series of Australian patients with BJI due to
B. pseudomallei, over 60% of the patients having an operation required multiple procedures
and readmission was less common in patients having operative debridement than in those
having minor operative procedures [7].

Although our study did not examine BJI due to other pathogens during the study period—
precluding the possibility of direct comparison—some characteristics of the clinical course of
the patients with BJI due to B. pseudomallei bear emphasis. Despite a median of 6 weeks of
intravenous antibiotics and 6 months of oral therapy—far longer the antibiotic courses than
patients usually receive for BJI [47]-no fewer than 28% of the cohort required readmission
and this was frequently for repeated drainages. This is a figure that is similar to the readmis-
sion rate of 26% seen in another large Australian cohort of patients with BJI due to B. pseudo-
mallei and represents a higher rate than is seen with other pathogens [7]. In one large French
study of over 36000 cases of BJI (almost a third of whom had a BJI involving prosthetic mate-
rial), for instance, Staphylococcus aureus was the most commonly identified pathogen and only
19% of cases required readmission [19]. In the OVIVA study, where S. aureus was also the
most commonly isolated pathogen and which again included patients with infected prosthetic
material, patients received a median of 71 days of oral antibiotic therapy or 78 days of
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intravenous antibiotic therapy within 7 days of their initial surgery and 17% of patients with
complex BJI had treatment failure at 1 year [47]. In contrast, despite a median of 6 weeks of
intravenous antibiotics and 6 months of oral therapy and a median of 2 operative procedures,
a similar proportion- 18%-of patients with BJI due to B. pseudomallei in our cohort developed
relapse or recrudescence within 1 year of their presentation.

The study has many limitations. Its retrospective nature precluded comprehensive data col-
lection, especially for some patients managed early in the study period whose medical records
were inaccessible. The study may underestimate the prevalence of BJI in our cohort as, particu-
larly earlier in the study period, patients may have died from their infection prior to BJI symp-
toms developing or before they were able to have sensitive diagnostic imaging. The
documentation of operative procedures was not standardised which hindered comparison of
different surgical strategies. A study period of over 25 years enabled the identification of more
patients with BJI, however it coincided with a significant evolution in the understanding of the
optimal management of melioidosis and advancements in supportive care. This inevitably
impacted the management of the patients and their clinical course and limits our analysis.
Although this is one of the larger published series of BJI due to B. pseudomallei, it is a retro-
spective series of fewer than 40 patients. These patients had a variety of clinical presentations, a
range of comorbidities and they were managed by different clinicians, prohibiting the genera-
tion of firm conclusions about optimal management strategies. Long-term functional out-
comes are also not reported. The patients were managed in Australia’s well-resourced
universal health system limiting the generalisability of our findings to resource-limited set-
tings. However, a high index of suspicion for melioidosis in the appropriate clinical context,
aggressive—and, where necessary, repeated—source control and prolonged antibiotic therapy
with extended follow-up are almost certainly likely to be equally relevant in these locations.
This extended follow is also critical to ensuring the delivery of comprehensive longitudinal
care that also addresses the patients’ underlying comorbidities (such as poorly controlled dia-
betes) and which is also critical to optimal long term outcomes [48].

Given the high reported rates of readmission, recrudescence and relapse, future studies
might examine whether there are any differences in the surgical management of BJI due to B.
pseudomallei compared to BJI due to other pathogens. Ideally these studies would be prospec-
tive and would examine BJI due to B. pseudomallei and B]I due to other pathogens concur-
rently. These studies might assess different surgical approaches and then determine the
optimum duration of antibiotic therapy. Such studies might be able to determine if adequate
surgical source control enables the use of shorter courses of antibiotic therapy for BJI due to B.
pseudomallei, or, if not, what strategies might improve adherence to the long courses of eradi-
cation therapy that are presently recommended [39].

Conclusions

BJI is a common presentation of melioidosis, especially in individuals with diabetes mellitus.
Early recognition, prompt surgical review, thorough debridement, prolonged antibiotic
therapy and, frequently, advanced critical care support are necessary for optimal outcomes.
However, readmission, recrudescence and relapse appear common—even in high volume
centres—and may necessitate frequent, repeated source control and extended follow up.

Supporting information

S1 Table. Demographic and clinical characteristics, management, and clinical course of
the 39 individuals with bone and joint infections due to B. pseudomallei.
(DOCX)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012317  July 17,2024 13/16


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012317.s001
https://doi.org/10.1371/journal.pntd.0012317

PLOS NEGLECTED TROPICAL DISEASES Bone and joint infections due to melioidosis

$2 Table. Characteristics of the individuals with bone and joint infections due to B. pseu-
domallei, stratified by clinical phenotype.
(DOCX)

Acknowledgments

The authors would like to acknowledge the many health workers involved in the care of the
patients in this cohort.

Author Contributions
Conceptualization: Simon Smith, Josh Hanson.

Data curation: Parvati Dadwal, Brady Bonner, David Fraser, Grant Withey, Simon Smith,
Josh Hanson.

Formal analysis: Parvati Dadwal, Josh Hanson.

Investigation: Parvati Dadwal, Simon Smith, Josh Hanson.

Supervision: Jeremy Loveridge, Arvind Puri, Simon Smith, Josh Hanson.
Visualization: Josh Hanson.

Writing - original draft: Parvati Dadwal, Brady Bonner, Josh Hanson.

Writing - review & editing: Brady Bonner, David Fraser, Jeremy Loveridge, Grant Withey,
Arvind Puri, Simon Smith, Josh Hanson.

References

1.  Meumann EM, Limmathurotsakul D, Dunachie SJ, Wiersinga WJ, Currie BJ. Burkholderia pseudomallei
and melioidosis. Nat Rev Microbiol. 2023. https://doi.org/10.1038/s41579-023-00972-5 PMID:
37794173

2. Currie BJ, Mayo M, Ward LM, Kaestli M, Meumann EM, Webb JR, et al. The Darwin Prospective Melioi-
dosis Study: a 30-year prospective, observational investigation. Lancet Infect Dis. 2021; 21(12):1737—
46. https://doi.org/10.1016/S1473-3099(21)00022-0 PMID: 34303419

3. HansonJ, Smith S, Stewart J, Horne P, Ramsamy N. Melioidosis—a disease of socioeconomic disad-
vantage. PLoS neglected tropical diseases. 2021; 15(6):e0009544. https://doi.org/10.1371/journal.
pntd.0009544 PMID: 34153059

4. Teparrukkul P, Nilsakul J, Dunachie S, Limmathurotsakul D. Clinical Epidemiology of Septic Arthritis
Caused by Burkholderia pseudomallei and Other Bacterial Pathogens in Northeast Thailand. The Amer-
ican journal of tropical medicine and hygiene. 2017; 97(6):1695—-701. https://doi.org/10.4269/ajtmh.17-
0288 PMID: 29016319

5. Zueter AM, Abumarzouq M, Yusof MIl, Wan Ismail WF, Harun A. Osteoarticular and soft-tissue melioi-
dosis in Malaysia: clinical characteristics and molecular typing of the causative agent. J Infect Dev
Ctries. 2017; 11(1):28-33. https://doi.org/10.3855/jidc.7612 PMID: 28141587

6. Kosuwon W, Taimglang T, Sirichativapee W, Jeeravipoolvarn P. Melioidotic septic arthritis and its risk
factors. J Bone Joint Surg Am. 2003; 85(6):1058—61. https://doi.org/10.2106/00004623-200306000-
00011 PMID: 12784002

7. Shetty RP, Mathew M, Smith J, Morse LP, Mehta JA, Currie BJ. Management of melioidosis osteomye-
litis and septic arthritis. Bone Joint J. 2015; 97-B(2):277-82. https://doi.org/10.1302/0301-620X.97B2.
34799 PMID: 25628295

8. Perumal R, Livingston A, Samuel S, Govindaraju SK. Melioidosis of the Musculoskeletal System. Med
Princ Pract. 2020; 29(2):121-7. https://doi.org/10.1159/000503021 PMID: 31473744

9. RajaNS, Scarsbrook C. Burkholderia Pseudomallei Causing Bone and Joint Infections: A Clinical
Update. Infect Dis Ther. 2016; 5(1):17-29. https://doi.org/10.1007/s40121-015-0098-2 PMID: 26728713

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012317  July 17,2024 14/16


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012317.s002
https://doi.org/10.1038/s41579-023-00972-5
http://www.ncbi.nlm.nih.gov/pubmed/37794173
https://doi.org/10.1016/S1473-3099%2821%2900022-0
http://www.ncbi.nlm.nih.gov/pubmed/34303419
https://doi.org/10.1371/journal.pntd.0009544
https://doi.org/10.1371/journal.pntd.0009544
http://www.ncbi.nlm.nih.gov/pubmed/34153059
https://doi.org/10.4269/ajtmh.17-0288
https://doi.org/10.4269/ajtmh.17-0288
http://www.ncbi.nlm.nih.gov/pubmed/29016319
https://doi.org/10.3855/jidc.7612
http://www.ncbi.nlm.nih.gov/pubmed/28141587
https://doi.org/10.2106/00004623-200306000-00011
https://doi.org/10.2106/00004623-200306000-00011
http://www.ncbi.nlm.nih.gov/pubmed/12784002
https://doi.org/10.1302/0301-620X.97B2.34799
https://doi.org/10.1302/0301-620X.97B2.34799
http://www.ncbi.nlm.nih.gov/pubmed/25628295
https://doi.org/10.1159/000503021
http://www.ncbi.nlm.nih.gov/pubmed/31473744
https://doi.org/10.1007/s40121-015-0098-2
http://www.ncbi.nlm.nih.gov/pubmed/26728713
https://doi.org/10.1371/journal.pntd.0012317

PLOS NEGLECTED TROPICAL DISEASES Bone and joint infections due to melioidosis

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Smith S, Horne P, Rubenach S, Gair R, Stewart J, Fairhead L, et al. Increased Incidence of Melioidosis
in Far North Queensland, Queensland, Australia, 1998-2019. Emerging infectious diseases. 2021; 27
(12):3119-23. https://doi.org/10.3201/eid2712.211302 PMID: 34808088

Prinsloo C, Smith S, Law M, Hanson J. The Epidemiological, Clinical, and Microbiological Features of
Patients with Burkholderia pseudomallei Bacteraemia&mdash;Implications for Clinical Management.
Tropical Medicine and Infectious Disease. 2023; 8(11):481.

Fairhead LJ, Smith S, Sim BZ, Stewart AGA, Stewart JD, Binotto E, et al. The seasonality of infections
in tropical Far North Queensland, Australia: A 21-year retrospective evaluation of the seasonal patterns
of six endemic pathogens. PLOS Glob Public Health. 2022; 2(5):e0000506. https://doi.org/10.1371/
journal.pgph.0000506 PMID: 36962353

Stewart JD, Smith S, Binotto E, McBride WJ, Currie BJ, Hanson J. The epidemiology and clinical
features of melioidosis in Far North Queensland: Implications for patient management. PLoS
neglected tropical diseases. 2017; 11(3). https://doi.org/10.1371/journal.pntd.0005411 PMID:
28264029

Franklin RC, King JC, Aitken PJ, Elcock MS, Lawton L, Robertson A, et al. Aeromedical retrievals in
Queensland: A five-year review. Emerg Med Australas. 2021; 33(1):34—44. https://doi.org/10.1111/
1742-6723.13559 PMID: 32633088

Salaveria K, Smith S, Liu YH, Bagshaw R, Ott M, Stewart A, et al. The Applicability of Commonly Used
Severity of lliness Scores to Tropical Infections in Australia. The American journal of tropical medicine
and hygiene. 2021; 106(1):257-67. https://doi.org/10.4269/ajtmh.21-0615 PMID: 34662860

Pande KC, Kadir KA. Melioidosis of the extremities in Brunei Darussalam. Singapore Med J. 2011; 52
(5):346-50. PMID: 21633768

Gupta N, Bhat SN, Reddysetti S, Kadavigere R, Godkhindi VM, Mukhopadhyay C, et al. Osteoarticular
melioidosis: a retrospective cohort study of a neglected disease. Infez Med. 2021; 29(4):574-82.
https://doi.org/10.53854/liim-2904-11 PMID: 35146367

Wu H, Wang X, Zhou X, Chen S, Mai W, Huang H, et al. Osteomyelitis and Septic Arthritis Due to Bur-
kholderia pseudomallei: A 10-Year Retrospective Melioidosis Study From South China. Front Cell Infect
Microbiol. 2021; 11:654745. hittps://doi.org/10.3389/fcimb.2021.654745 PMID: 34123870

Grammatico-Guillon L, Baron S, Gettner S, Lecuyer Al, Gaborit C, Rosset P, et al. Bone and joint infec-
tions in hospitalized patients in France, 2008: clinical and economic outcomes. J Hosp Infect. 2012; 82
(1):40-8. https://doi.org/10.1016/j.jhin.2012.04.025 PMID: 22738613

Currie BJ, Jacups SP, Cheng AC, Fisher DA, Anstey NM, Huffam SE, et al. Melioidosis epidemiology
and risk factors from a prospective whole-population study in northern Australia. Trop Med Int Health.
2004; 9(11):1167-74. https://doi.org/10.1111/1.1365-3156.2004.01328.x PMID: 15548312

Chowdhury S, Barai L, Afroze SR, Ghosh PK, Afroz F, Rahman H, et al. The Epidemiology of Melioido-
sis and lts Association with Diabetes Mellitus: A Systematic Review and Meta-Analysis. Pathogens.
2022; 11(2). https://doi.org/10.3390/pathogens11020149 PMID: 35215093

Naidoo P, Liu VJ, Mautone M, Bergin S. Lower limb complications of diabetes mellitus: a comprehen-
sive review with clinicopathological insights from a dedicated high-risk diabetic foot multidisciplinary
team. Br J Radiol. 2015; 88(1053):20150135. https://doi.org/10.1259/bjr.20150135 PMID: 26111070

Hempenstall AdJ, Smith S, Stanton D, Hanson J. Melioidosis in the Torres Strait Islands, Australia:
Exquisite Interplay between Pathogen, Host, and Environment. The American journal of tropical medi-
cine and hygiene. 2019; 100(3):517-21. https://doi.org/10.4269/ajtmh.18-0806 PMID: 30675834

McLeod C, Morris PS, Bauert PA, Kilburn CJ, Ward LM, Baird RW, et al. Clinical presentation and medi-
cal management of melioidosis in children: a 24-year prospective study in the Northern Territory of Aus-
tralia and review of the literature. Clin Infect Dis. 2015; 60(1):21-6. https://doi.org/10.1093/cid/ciu733
PMID: 25228703

Smith S, Stewart JD, Tacon C, Archer N, Hanson J. Children with melioidosis in Far North Queensland
are commonly bacteraemic and have a high case fatality rate. Commun Dis Intell Q Rep. 2017; 41(4):
E318-e21. PMID: 29864385

Young A, Tacon C, Smith S, Reeves B, Wiseman G, Hanson J. Case Report: Fatal Pediatric Melioidosis
Despite Optimal Intensive Care. The American journal of tropical medicine and hygiene. 2017; 97
(6):1691—4. https://doi.org/10.4269/ajtmh.17-0650 PMID: 29016313

Manning L, Davis JS, Robinson O, Clark B, Lorimer M, de Steiger R, et al. High prevalence of older Aus-
tralians with one or more joint replacements: estimating the population at risk for late complications of
arthroplasty. ANZ J Surg. 2020; 90(5):846-50. https://doi.org/10.1111/ans.15774 PMID: 32115869

Gassiep |, Ganeshalingam V, Chatfield MD, Harris PNA, Norton RE. The epidemiology of melioidosis in
Townsville, Australia. Trans R Soc Trop Med Hyg. 2022; 116(4):328-35. https://doi.org/10.1093/trstmh/
trab125 PMID: 34370844

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012317  July 17,2024 15/16


https://doi.org/10.3201/eid2712.211302
http://www.ncbi.nlm.nih.gov/pubmed/34808088
https://doi.org/10.1371/journal.pgph.0000506
https://doi.org/10.1371/journal.pgph.0000506
http://www.ncbi.nlm.nih.gov/pubmed/36962353
https://doi.org/10.1371/journal.pntd.0005411
http://www.ncbi.nlm.nih.gov/pubmed/28264029
https://doi.org/10.1111/1742-6723.13559
https://doi.org/10.1111/1742-6723.13559
http://www.ncbi.nlm.nih.gov/pubmed/32633088
https://doi.org/10.4269/ajtmh.21-0615
http://www.ncbi.nlm.nih.gov/pubmed/34662860
http://www.ncbi.nlm.nih.gov/pubmed/21633768
https://doi.org/10.53854/liim-2904-11
http://www.ncbi.nlm.nih.gov/pubmed/35146367
https://doi.org/10.3389/fcimb.2021.654745
http://www.ncbi.nlm.nih.gov/pubmed/34123870
https://doi.org/10.1016/j.jhin.2012.04.025
http://www.ncbi.nlm.nih.gov/pubmed/22738613
https://doi.org/10.1111/j.1365-3156.2004.01328.x
http://www.ncbi.nlm.nih.gov/pubmed/15548312
https://doi.org/10.3390/pathogens11020149
http://www.ncbi.nlm.nih.gov/pubmed/35215093
https://doi.org/10.1259/bjr.20150135
http://www.ncbi.nlm.nih.gov/pubmed/26111070
https://doi.org/10.4269/ajtmh.18-0806
http://www.ncbi.nlm.nih.gov/pubmed/30675834
https://doi.org/10.1093/cid/ciu733
http://www.ncbi.nlm.nih.gov/pubmed/25228703
http://www.ncbi.nlm.nih.gov/pubmed/29864385
https://doi.org/10.4269/ajtmh.17-0650
http://www.ncbi.nlm.nih.gov/pubmed/29016313
https://doi.org/10.1111/ans.15774
http://www.ncbi.nlm.nih.gov/pubmed/32115869
https://doi.org/10.1093/trstmh/trab125
https://doi.org/10.1093/trstmh/trab125
http://www.ncbi.nlm.nih.gov/pubmed/34370844
https://doi.org/10.1371/journal.pntd.0012317

PLOS NEGLECTED TROPICAL DISEASES Bone and joint infections due to melioidosis

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

Ahmad S, Azura L, Duski S, Aziz M. Melioidosis: A Retrospective Review of Orthopaedic Manifesta-
tions. Malaysian Orthopaedic Journal. 2009; 3(1):53-5.

Saravu K, Mukhopadhyay C, Vishwanath S, Valsalan R, Docherla M, Vandana KE, et al. Melioidosis in
southern India: epidemiological and clinical profile. Southeast Asian J Trop Med Public Health. 2010; 41
(2):401-9. PMID: 20578524

Sarovich DS, Price EP, Webb JR, Ward LM, Voutsinos MY, Tuanyok A, et al. Variable Virulence Fac-
tors in Burkholderia pseudomallei (Melioidosis) Associated with Human Disease. PLoS ONE. 2014; 9:
€91682. https://doi.org/10.1371/journal.pone.0091682 PMID: 24618705

Gora H, Hasan T, Smith S, Wilson I, Mayo M, Woerle C, et al. Melioidosis of the central nervous system;
impact of the bimABm allele on patient presentation and outcome. Clin Infect Dis. 2022. https://doi.org/
10.10983/cid/ciac111 PMID: 35137005

Pakdeerat S, Boonklang P, Angchagun K, Chomkatekaew C, Apichaidejudom N, Dokket Y, et al.
Benchmarking CRISPR-BP34 for point-of-care melioidosis detection in low-income and middle-income
countries: a molecular diagnostics study. Lancet Microbe. 2024; 5(4):e379—89. https://doi.org/10.
1016/52666-5247(23)00378-6 PMID: 38493790

Tong SY, Davis JS, Eichenberger E, Holland TL, Fowler VG Jr. Staphylococcus aureus infections: epi-
demiology, pathophysiology, clinical manifestations, and management. Clin Microbiol Rev. 2015; 28
(3):603-61. https://doi.org/10.1128/CMR.00134-14 PMID: 26016486

Foe-Essomba JR, Kenmoe S, Tchatchouang S, Ebogo-Belobo JT, Mbaga DS, Kengne-Nde C, et al.
Diabetes mellitus and tuberculosis, a systematic review and meta-analysis with sensitivity analysis for
studies comparable for confounders. PLoS One. 2021; 16(12):e0261246. https://doi.org/10.1371/
journal.pone.0261246 PMID: 34890419

Fairhead L, Vardanega J, Pandey R, Smith S. Polymicrobial community-acquired Acinetobacter bauman-
nii and Burkholderia pseudomallei bacteremia: opportunistic infections with similar risk factors in northern
Australia. IDCases. 2020; 21:e00833. https://doi.org/10.1016/}.idcr.2020.e00833 PMID: 32509526

Pineda C, Espinosa R, Pena A. Radiographic imaging in osteomyelitis: the role of plain radiography,
computed tomography, ultrasonography, magnetic resonance imaging, and scintigraphy. Semin Plast
Surg. 2009; 23(2):80-9. https://doi.org/10.1055/s-0029-1214160 PMID: 20567730

Direk L, Wipada C, Wirongrong C, Kasia S, Bina M, Vanaporn W, et al. Risk Factors for Recurrent
Melioidosis in Northeast Thailand. Clin Infect Dis. 2006; 43(8):979-86. https://doi.org/10.1086/507632
PMID: 16983608

Sullivan RP, Marshall CS, Anstey NM, Ward L, Currie BJ. 2020 Review and revision of the 2015 Darwin
melioidosis treatment guideline; paradigm drift not shift. PLoS neglected tropical diseases. 2020; 14(9):
€0008659. https://doi.org/10.1371/journal.pntd.0008659 PMID: 32986699

Smith S, Hanson J, Currie BJ. Melioidosis: An Australian Perspective. Trop Med Infect Dis. 2018; 3
(1):27. https://doi.org/10.3390/tropicalmed3010027 PMID: 30274424

Melioidosis [Internet]. Therapeutic Guidelines Limited. 2019 [cited October 3, 2022]. https://www-tg-
org-au.elibrary.jcu.edu.au.

Sullivan RP, Ward L, Currie BJ. Oral eradication therapy for melioidosis: Important but not without risks.
Int J Infect Dis. 2019; 80:111—4. https://doi.org/10.1016/}.ijid.2019.01.019 PMID: 30659921

Smith S, Marquardt T, Jennison AV, D’Addona A, Stewart J, Yarwood T, et al. Clinical Manifestations and
Genomic Evaluation of Melioidosis Outbreak among Children after Sporting Event, Australia. Emerging
infectious diseases. 2023; 29(11):2218-28. https://doi.org/10.3201/eid2911.230951 PMID: 37877500

Hanson J, Smith S. Melioidosis in northern Australia. Microbiology Australia. 2022; 43(3):120—4. https:/
doi.org/10.1071/MA22038

Anothaisintawee T, Harncharoenkul K, Poramathikul K, Phontham K, Boonyarangka P, Kuntawunginn
W, et al. Efficacy of drug treatment for severe melioidosis and eradication treatment of melioidosis: A
systematic review and network meta-analysis. PLoS neglected tropical diseases. 2023; 17(6):
€0011382. https://doi.org/10.1371/journal.pntd.0011382 PMID: 37307278

Ravn C, Neyt J, Benito N, Abreu MA, Achermann Y, Bozhkova S, et al. Guideline for management of
septic arthritis in native joints (SANJO). Journal of bone and joint infection. 2023; 8(1):29-37. https://
doi.org/10.5194/jbji-8-29-2023 PMID: 36756304

Li HK, Rombach I, Zambellas R, Walker AS, McNally MA, Atkins BL, et al. Oral versus Intravenous Anti-
biotics for Bone and Joint Infection. N Engl J Med. 2019; 380(5):425-36. https://doi.org/10.1056/
NEJMoa1710926 PMID: 30699315

Hanson J, Smith S. High Rates of Premature and Potentially Preventable Death among Patients Surviv-
ing Melioidosis in Tropical Australia. The American journal of tropical medicine and hygiene. 2019; 101
(2):328-31. https://doi.org/10.4269/ajtmh.19-0375 PMID: 31264566

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012317  July 17,2024 16/16


http://www.ncbi.nlm.nih.gov/pubmed/20578524
https://doi.org/10.1371/journal.pone.0091682
http://www.ncbi.nlm.nih.gov/pubmed/24618705
https://doi.org/10.1093/cid/ciac111
https://doi.org/10.1093/cid/ciac111
http://www.ncbi.nlm.nih.gov/pubmed/35137005
https://doi.org/10.1016/S2666-5247%2823%2900378-6
https://doi.org/10.1016/S2666-5247%2823%2900378-6
http://www.ncbi.nlm.nih.gov/pubmed/38493790
https://doi.org/10.1128/CMR.00134-14
http://www.ncbi.nlm.nih.gov/pubmed/26016486
https://doi.org/10.1371/journal.pone.0261246
https://doi.org/10.1371/journal.pone.0261246
http://www.ncbi.nlm.nih.gov/pubmed/34890419
https://doi.org/10.1016/j.idcr.2020.e00833
http://www.ncbi.nlm.nih.gov/pubmed/32509526
https://doi.org/10.1055/s-0029-1214160
http://www.ncbi.nlm.nih.gov/pubmed/20567730
https://doi.org/10.1086/507632
http://www.ncbi.nlm.nih.gov/pubmed/16983608
https://doi.org/10.1371/journal.pntd.0008659
http://www.ncbi.nlm.nih.gov/pubmed/32986699
https://doi.org/10.3390/tropicalmed3010027
http://www.ncbi.nlm.nih.gov/pubmed/30274424
https://www-tg-org-au.elibrary.jcu.edu.au
https://www-tg-org-au.elibrary.jcu.edu.au
https://doi.org/10.1016/j.ijid.2019.01.019
http://www.ncbi.nlm.nih.gov/pubmed/30659921
https://doi.org/10.3201/eid2911.230951
http://www.ncbi.nlm.nih.gov/pubmed/37877500
https://doi.org/10.1071/MA22038
https://doi.org/10.1071/MA22038
https://doi.org/10.1371/journal.pntd.0011382
http://www.ncbi.nlm.nih.gov/pubmed/37307278
https://doi.org/10.5194/jbji-8-29-2023
https://doi.org/10.5194/jbji-8-29-2023
http://www.ncbi.nlm.nih.gov/pubmed/36756304
https://doi.org/10.1056/NEJMoa1710926
https://doi.org/10.1056/NEJMoa1710926
http://www.ncbi.nlm.nih.gov/pubmed/30699315
https://doi.org/10.4269/ajtmh.19-0375
http://www.ncbi.nlm.nih.gov/pubmed/31264566
https://doi.org/10.1371/journal.pntd.0012317

