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ABSTRACT

Burkholderia pseudomallei, the environmental bacterium that causes melioidosis, is endemic to
northern Australia. Melioidosis is a strongly seasonal disease, occurring predominantly in indivi-
duals with specific comorbidities that include diabetes mellitus, chronic kidney disease, chronic
lung disease, immunosuppresion, malignancy and hazardous alcohol use. Most patients are
bacteraemic and the majority have pneumonia, however, the infection can involve almost any
organ, with the skin, soft tissues, genitourinary system, bones, and joints frequently affected;
multi-organ involvement is also common. Central nervous system involvement is less frequent
but is more likely to cause death and long-term disability. The incidence of melioidosis is
increasing in Australia, but improvements in management have resulted in the local case-
fatality rate declining to approximately 10%. Further progress requires greater awareness of
the disease and the development of technologies that might expedite diagnosis. A deeper
understanding of the disease’s pathophysiology — particularly the role of virulence factors —
may also help define optimal management strategies, including the duration of antimicrobial
therapy and the role of adjunctive treatments. Public health strategies that address the risk
factors for this opportunistic infection — and the social inequity that drives them — would also
reduce the morbidity and mortality of this life-threatening disease.
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Background

Melioidosis, caused by the environmental, saprophytic bacterium Burkholderia pseudo-
mallei, is one of the most common causes of sepsis in tropical Australia."”* Even with
optimal supportive care, the case-fatality rate is approximately 10%, but outside endemic
areas, it remains a neglected disease.® B. pseudomallei lives in the soil and surface water
across the tropical north of Australia (above latitude 20°S), but outbreaks due to
contaminated water have occurred further south (latitude 25.5°S) and focal areas of
endemicity have even been described in temperate regions (latitude 31°S).? In humans,
melioidosis can involve almost any organ, with the clinical presentation a result of the
complex interplay between host, pathogen, and the environment.”° B. pseudomallei can
also infect animals, with pigs, goats, sheep, and camels among the most susceptible.*

Epidemiology

In tropical Australia melioidosis is strongly seasonal, with most human cases occurring
during the summer wet season when moist soil provides optimal conditions for the growth
and survival of B. pseudomallei. Heavy rainfall also disturbs the topsoil and clustering
after severe weather events is documented.” The incidence of melioidosis is increasing in
Australia and is highest in the Top End of the Northern Territory, where an annual rate of
up to 50.2/100000 population has been reported.®° However, while anthropogenic
climate change is anticipated to increase the future incidence of many seasonal infectious
diseases, environmental disruption resulting from urban expansion appears to be having a
greater impact on the incidence of melioidosis in Australia presently.'®"!

The predominant mode of exposure is thought to be percutaneous, although inhalation
and ingestion are also documented.'? Very few of these exposures lead to clinical
symptoms; however, patients with specific comorbidities — particularly diabetes mellitus,
chronic lung disease, chronic kidney disease, immunosuppression, malignancy, and
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hazardous alcohol consumption — are more likely to develop
disease.®'*'* Many of these comorbidities are more com-
mon among socioeconomically disadvantaged communities
and this is one of the reasons why Aboriginal and Torres
Strait Islander Australians bear a disproportionate burden of
the disease.®'%'> As tropical Australia is a popular tourist
destination, melioidosis should also be considered in
patients who have travelled to the region and have predis-
posing comorbidities and a compatible clinical syndrome.
Person-to-person transmission is extremely uncommon, and
no special precautions are required for health workers
caring for these patients.

Clinical presentation

Approximately 85% of melioidosis cases have an acute
presentation although more subacute presentations — with
symptoms present for longer than 2 months — are also seen;
reactivation from latent infection occurs but it is less fre-
quent than previously believed, representing approximately
3% of all cases.®

Melioidosis can involve almost any organ, but pneumonia
is present in most cases®'*'? (Fig. 1). Lung involvement

Fig. 1.

often resembles a typical community-acquired pneumonia
with a short history of fever, rigors, cough, and dyspnoea.
However, patients may also present with respiratory symp-
toms that have failed to respond to weeks of usual empirical
outpatient therapies. This subacute presentation can bear
some resemblance to tuberculosis, but in Northern Australia,
pulmonary melioidosis is the more likely diagnosis.
Bacteraemia is present in 56-70% of Australian cases and
up to a quarter present with septic shock.'®'” Other typical
presentations include skin and soft tissue infections,
abscesses of the liver and spleen and infections of the
bones and joints. Prostatic involvement, which occurs in
~20% of affected men, is a characteristic manifestation.®
Multi-organ involvement is also common (Fig. 2). Central
nervous system involvement occurs in only 4% of cases, but
is one of the most feared manifestations and may present as
encephalomyelitis, brain abscess, meningitis or as an extra-
dural collection.'® B. pseudomallei may also cause lymphade-
nopathy, nodules or masses that may be mistaken for
neoplastic lesions, emphasising the importance of sending
biopsies for culture in the appropriate clinical context (Fig. 2).
Less than 5% of cases occur in children, which is likely to
be explained by a lower prevalence of predisposing comor-
bidities in this population. Affected children usually have

. 1 ‘

A chest X-ray (a) and computed tomography scan (b) demonstrating right upper lobe

pneumonia in a patient with diabetes who presented with 7 days of fever and cough.

Fig. 2.
arrow) in a patient with disseminated melioidosis (a). Positron-emission tomography scan demon-
strating mediastinal lymphadenopathy in another patient (b) who was believed to have a lung
malignancy until B. pseudomallei was cultured from a biopsy.

Multi-organ involvement of liver (black arrow), spleen (red arrow) and prostate (white
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milder disease, with localised skin infection the most
common manifestation.'® However, disseminated disease
is also seen and fatalities have been reported in previously
well children despite optimal supportive care.?>*' Fatal
paediatric cases may be due to the presence of virulence
factors, which have been linked to clinical phenotype and
prognosis in specific clinical situations, or the result of a
larger inoculum. &2

Microbiology

The diagnosis of melioidosis requires the culture of
B. pseudomallei — a small, Gram-negative, oxidase-positive,
motile, aerobic bacillus — from blood, sputum, urine, pus, or
other clinical specimens.”® Although the use of selective
media can facilitate diagnosis, the organism also grows
well on traditional media®® (Fig. 3). True colonisation is
extremely uncommon, therefore isolation of B. pseudomallei
almost always warrants treatment. In high-volume centres,
laboratory scientists are adept at identifying B. pseudomallei;
however, laboratories unfamiliar with the organism may
disregard it as an environmental contaminant.”

There is interest in the use of lateral flow immunoassay
testing, PCR and MALDI-TOF to expedite the diagnosis of
melioidosis, however PCR has not been sufficiently sensitive
or specific for direct detection from clinical samples, and
while the lateral flow immunoassay shows promise for the
rapid diagnosis of melioidosis directly from pus and urine, it
is not yet widely available, nor incorporated into validated
diagnostic algorithms.?**” Serology has very limited utility
in the diagnosis of the disease as it has poor sensitivity and
may be positive in healthy individuals in endemic areas.*®

Therapy

There are two phases of antimicrobial therapy for melioidosis:
the initial intravenous intensive phase aims to prevent death,
while the subsequent oral eradication therapy (beginning
immediately after the initial intensive phase) aims to prevent
disease relapse.

B. pseudomallei is intrinsically resistant to penicillin,
ampicillin, first- and second-generation cephalosporins,
gentamicin, tobramycin, and streptomycin, while in vitro

testing of the organism against quinolones usually shows
resistance or intermediate susceptibility. Therefore, during
the initial intensive phase it is recommended that patients
receive ceftazidime or meropenem; the duration of therapy
varies with the clinical phenotype, although a minimum of
2 weeks is recommended and source control is essential.*®
Adjunctive trimethoprim-sulfamethoxazole (TMP-SMZ) is
often added to patients with extrapulmonary infection due
to its intracellular activity and ability to penetrate tissues,
although the clinical benefit of this approach is uncertain.?®
Granulocyte colony-stimulating factor is used by some clini-
cians in the management of critically ill patients; however,
there are no data from randomised controlled trials to sup-
port its routine use.'”

Recrudescence and relapse — defined as return of clinical
disease during and after the eradication phase respectively —
can be fatal. Recrudescence occurs in approximately 5% of
Australian patients while relapse occurs in up to 4%, and
both are more common in patients who are unable to adhere
to prescribed therapies.®?? However, adherence to currently
recommended treatment regimens can be challenging:
Australian treatment guidelines recommend a minimum of
3 months of high-dose TMP-SMZ during the eradication
phase.?® Even with the addition of daily folic acid, up to
30% of patients receiving high-dose TMP-SMZ have side
effects that necessitate cessation, dose reduction or substitu-
tion of doxycycline or amoxycillin-clavulanate, agents that
are less effective.?®>° Accordingly, there has been a gradual
evolution in clinical practice to prescribe longer courses of
intravenous therapy and there is interest in high volume
centres in abbreviating the duration of the oral eradication
phase of therapy.®!

Outcomes

The case-fatality rate of melioidosis has declined significantly
in Australia over recent decades; this is likely to be explained,
predominantly, by earlier recognition of the patient with
sepsis and advances in critical care. Prompt administration
of antibiotics with activity against B. pseudomallei has been
facilitated by the electronic promulgation of national guide-
lines for melioidosis management, which also recommend
empirical meropenem when melioidosis is a possible
diagnosis.”® However, even in Australia’s well resourced

Fig. 3.
MacConkey agar with crystal violet (c).
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Colonies of Burkholderia pseudomallei after 48 h of incubation on Ashdown’s medium (a), horse blood agar (b) and
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health system, the case-fatality rate remains approximately
10%. This is frequently linked to underlying comorbidities
and the social determinants of health that drive them.®'®
Furthermore, premature death in survivors is common, with
approximately one-quarter of survivors dying within 5 years,
frequently from the comorbidity that predisposed them to
their melioidosis.>* These deaths are often preventable; the
episode of melioidosis is therefore also an opportunity for
clinicians to optimise the management of these comorbidities
to improve patients’ overall long-term outcomes.

Prevention

In endemic areas public health strategies to prevent melioi-
dosis largely revolve around advising individuals with pre-
disposing comorbidities to minimise exposure to soil and
surface water during the wet season and to stay indoors
during heavy rains. However, it is recognised that adherence
to these recommendations is challenging. There are data to
support chemoprophylaxis in selected populations, but the
relatively low incidence in even high-risk populations and
the potential life-threatening side-effects of TMP-SMZ means
that this is likely to have a very limited role in combating the
disease.>>** Vaccines are under development, although none
have yet undergone human trials.>® Public health strategies
to reduce the incidence of predisposing risk factors — or at
least optimise their management — might reduce the burden
of melioidosis as well as other complications from these
comorbidities.

Conclusions

Even with optimal supportive care approximately 10% of
Australian patients with melioidosis will die. A greater
understanding of the disease’s pathophysiology will inform
management strategies, including the optimal duration of
antimicrobial therapy and the utility of adjunctive treat-
ments. The development of effective public health strategies
to prevent melioidosis would also be expected to reduce the
significant burden of this life-threatening disease, which,
despite a rising incidence, remains under-recognised outside
of tropical Australia.
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