Tropical fever in remote tropics: tuberculosis or melioidosis, it depends

on the lab
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Abstract.
microbiology laboratories in recent times. However, approaches to build the capacity of clinical microbiology services in the

Diagnostics tests used to identify the cause of infection using proteomics and genomics have revolutionised

rural tropics by simply transplanting these approaches have proven difficult to sustain. Tropical fever in the remote tropics is,
by definition, a clinical diagnosis where the aetiology of fever is not known, treatment is empirical, guided by clinical
suspicion with treatment failure often attributed to incorrect diagnosis or antimicrobial resistance. Tuberculosis (TB) in rural
Papua New Guinea (PNG) is mostly diagnosed clinically, perhaps supported by microscopy. In fact, a ‘tuberculosis patient’
in rural PNG is included in the TB register upon commencement of TB treatment with or without any laboratory-based
evidence of infection. The roll-out of GeneXpert is continuing to transform TB diagnostic certainty in TB endemic
communities. Melioidosis is endemic in tropical regions and is increasingly reported to mimic TB. Isolation and identification
of the causative agent Burkholderia pseudomallei remains the gold standard. Here, we discuss the increasing divide
between rural and urban approaches to laboratory-based infection diagnosis using these two enigmatic tropical infectious

diseases, in rural PNG, as examples.
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Introduction

The disparity in rural/urban health outcomes in Australia is well
documented and is being addressed by the expansion and special-
isation of the clinical health workforce in regional Australia'. In
contrast to this investment in and focus on regional clinical services,
microbiology laboratories and skilled staff, that are critical in
providing evidence for the accurate diagnosis and management of
infectious disease, are retreating from regional locations. In their
place are internet connected high throughput centralised labs in
urban centres with regional labs becoming specimen referral cen-
tres®. Communities in the rural tropics, in the Asia Pacific outside
Australia are different places to regional Australia. Urban/rural
health systems in the Asia Pacific are more disconnected, they are
often poorly resourced, and capacity is stretched to the extent that
morbidity and mortality in the communities they serve is unaccept-
ably high*. Also, the rates of infection in regional tropics and types
of infection are different, antimicrobial resistance profiles are not
well characterised and treatment failure rates are high. In PNG up to
80% of the population live in the rural districts of regional provinces

where less than 50% of the national health resources exist’.

Melioidosis is an example of tropical fever that results in high
case fatality rates when diagnosis is delayed. The infection is
sporadic and uncommon and resistant to standard treatment used
for pneumonia and sepsis®. Accurate and early diagnosis, leading to
directed therapy, is linked to the extent of clinical suspicion and the
laboratory capacity to isolate and identify the causative organism,
the saprophytic Gram-negative bacillus, B. pseudomallei. Classical
bacteriology, which remains the gold standard, is rarely available in
regional PNG’. Tuberculosis on the other hand is an ancient human
disease with global public health significance and is the leading
cause of antimicrobial resistant (AMR) associated mortalityg’g. The
causative bacterium Mycobacterium tuberculosis is mnotoriously
difficult and dangerous to manipulate using basic bacteriology and
therefore these functions have been centralised to reference labo-
ratories. In rural regions where TB is endemic, GeneXpert is being
rolled out to support clinical diagnosis and is proving important in
quick turnaround and AMR strain identification'*"'". There is emerg-
ing evidence that melioidosis mimics TB and that the capacity of the
laboratory is critical in the differential diagnosis. As centralised
technological-based solutions to lab-based infectious disease diag-

nosis become the norm, are we paying enough attention to building
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and sustaining basic bacteriological services in the rural tropics and

does this matter?

Both tropical but for different reasons

Burkholderia pseudomallei is mostly, biogeographically bound to
the tropics. However, the distribution of the organism in the envi-
ronment is not random and this contributes to the spatial clustering of
melioidosis where it is considered endemic®. The incidence of
infection in the tropics is therefore unpredictable. Acquisition of
the organism more readily occurs in individuals with a robust
association with the environment, such as occurs in subsistence
communities, first nations peoples who live rurally and those ex-
posed to extreme weather or other environmental disturbances'*">.
As a consequence, melioidosis is primarily a disease of the rural
tropics. Typically'?, but not always'’, case numbers are higher
during wet seasons and this contributes to the temporal clustering
of cases which often aids in clinical predictability. Comorbidities
define the extent of the infection; melioidosis can present as a
subacute localised, disseminated, or systemic disease. Given this
protean mix of clinical manifestations, it is often described as the
‘great mimicker’'®. In our region, melioidosis is endemic in Asia and
northern Australia and reports are emerging across Oceania'>'”. The
gold standard laboratory-based diagnostic is still isolation and
identification of the bacterium from clinical samples, which needs
to be conducted safely as the organism, just like M. tuberculosis, is
considered in some jurisdictions a risk group 3 pathogen®. Tradi-
tional bacteriology requires people who have been trained in and

have maintained subjective, descriptive laboratory skills.

Tuberculosis is an ancient human infection that has been mostly
controlled or eradicated in developed countries. It is a disease of
poor socio-economic conditions and poor access to healthcare. The
emergence of drug resistant TB (DR-TB) has awakened an interest in
TB in the developed world. As a result, sophisticated, specific
microbial diagnostic platforms for TB have been developed to
provide clinically relevant turnaround times. Once established, these
technologies do not require extensive laboratory skills. However,
they do require consistent and reliable power supply and are costly
per test which contributes to the complexity of the roll-out'’.
However, for health program leaders they are an addictively simple
and very effective laboratory-based diagnostic for a global public
health problem.

Epidemiologically, melioidosis and TB are very different, yet in
some parts of the rural Asia Pacific, their incidence and clinical
presentation overlap. The question is, are these two diseases able to

be diagnosed with equal confidence and does that matter?

TB in rural PNG: is it true?

In the district hospital at Balimo in the rural remote region of Middle
Fly, Western Province, there are no doctors, with hardworking
nurses, community health workers and health extension officers
forming the health workforce and power from diesel generators is
sporadic (Figure 1). The laboratory is rudimentary, has one dedi-
cated full-time staff member and functions are limited to malaria
blood film examination, ZN stain for TB (Figure 2), basic haema-
tology and blood transfusion — typical of a remote district hospital in

the Asia Pacific. The population of this region is approximately

Figure 1.

Aerial photograph of Balimo showing town and surrounding lagoon.
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Figure 2. Ziehl-Neelsen staining of sputum smear
AFB. Collected and processed January 2020 Balimo, PNG.

showing

40,000 with most people living a subsistence lifestyle in villages
where access to health care is difficult — also typical of a remote
tropical community'®. In this community the reported rate of TB
is close to twice the national annual incidence at approximately
700-900/100 000 population, a significant proportion are children,
gender equal and evidence of drug resistance is emerging'*°. A
particular feature of the disease in Balimo is the high rates of
extrapulmonary (EP-TB) disease, approaching 75% of all cases. In
a cross sectional, retrospective snapshot of TB patients at Balimo,
approximately 40% of pulmonary TB (P-TB) patients were com-
menced on TB treatment with AFB negative microscopy or when no
smear was available. Also, approximately 98% of the EP-TB cases
on treatment, had no laboratory evidence of TB. Hence, a significant

feature of the TB epidemic in this region is diagnostic uncertainty'®.

Melioidosis and TB mimicry

Early reports of melioidosis described the protean manifestation of
the disease and its mimicry of well-known causes of tropical fever
including TB?'. Salient messages emerged in the 1950s that high
case fatality resulted without early and appropriate treatment. This
was particularly true where a ‘provisional diagnosis of pulmonary
tuberculosis was made’ in the repeatedly AFB negative patient®>.
Whilst melioidosis endemicity in some parts of Asia and northern

Australia is well documented, evidence from Oceania is sketchy, the

disease is not notifiable and most reports are from periodic rounds of
active case finding (reviewed in '*). The first human case report in
PNG was in 1965 from a patient referred to Port Moresby Hospital
from Gemo island, the then ‘leprosarium’. Since independence in
1975 sporadic reports have emerged from the urban capital, some of
which had a history of TB investigation or the presentation was said
to resemble TB (reviewed in '7). These rare reports have led to the
speculation that melioidosis is less common in PNG than northern
Australia®,

The latest active case detection study in Port Moresby during
2000 and 2002, included screening sputa presented for TB inves-
tigation at the Central Public Health Laboratory. Of the 417 MTB
smear negative patients, one was melioidosis culture confirmed,
confirming that melioidosis, although rare, was present in the
clinically diagnosed TB patient cohort'”.

In contrast to these reports from urban Port Moresby, Balimo was
revealed as a regional melioidosis hot spot. During the 1990s,
sporadic yet specific laboratory-based, active case finding for
melioidosis was conducted over a 12—18-month period. Presenting
patients were assessed as per local clinical protocols with the
addition of basic bacteriology including Ashdown agar-based
selective culture techniques. Laboratory staff were trained in recog-
nising B. pseudomallei colonial morphology (Figure 3) and simple
phenotypic features such as Gram stain (GNB), oxidase (positive),
gentamicin resistance and amoxicillin/clavulanate susceptibility, for
identification. During this time, nine cases of culture confirmed
melioidosis were revealed in a patient cohort of tropical fever where
standard treatment had previously failed. A feature of the disease
was childhood predilection, chronic localised pulmonary disease and
over half were initially diagnosed with TB and had commenced TB
treatment. These case numbers, revealed in less than 2 years, from
this isolated rural community, outnumbered all the previous reported

culture confirmed cases of melioidosis from PNG>*?°,

The TB and Melioidosis Nexus: the same host
factors define severity of disease

Not only can these two diseases be similar in clinical presentation
and be prevalent in the same region, both causative organisms are
intracellular pathogens, capable of chronic disease and latency
and for both, cell-mediated T-cell responses (CMI) and interfer-
on-mediated signalling pathways are important for protective

immunity?®?’

. Furthermore, they share common comorbid risk
factors which can affect clinical presentation. In both, failure to
develop adequate T-cell responses following infection leads
to disease progression, dissemination and individuals often

succumb to infection.



Figure 3. Characteristic B. pseudomallei colonies on Ashdown agar. Sputum from a 7-year-old child with TB treatment failure, 2021.
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Interferon gamma (IFN-y) responses are impaired in children from Balimo. Community (non-patient) children aged 5-14 years have

impaired IFN-g-mono-functional (IFN-y*TNF-o”) and bi-functional (IFN-y*TNF-o.*) () CD4 and (b) CD8 T-cell responses compared to younger and
older individuals. Non-parametric analysis with multiple comparisons testing, *P < 0.05 to ****P < 0.001.

In the Balimo region, TB and melioidosis are commonly found in
children'®?*. Children with localised pulmonary melioidosis had
poor CMI function compared to those family members with similar
evidence of environmental exposure but did not present with dis-
ease”®. These children would typically progress to more severe

disease due to delay in diagnosis and commencement of direct

therapy. Our findings using mitogen-stimulated peripheral blood
T cells from individuals from Balimo provide evidence for an age-
related defect in the ability of CD4 (helper) and CD8 (cytotoxic)
T cells of otherwise healthy children to produce the TB-protective
cytokine, interferon-gamma, whilst the production of other cytokines

including tumour necrosis factor-alpha remained intact (Figure 4).
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Hence, dysregulation of cellular immunity may be responsible for
acquisition and development of TB and melioidosis in this and other
parts of the rural tropics where exposure to both, for different

reasons, is possible.

Conclusion: it’s still happening

In some parts of the rural tropics TB and melioidosis overlap and
share many features, but the capacity to identify these two diseases is
not equal: this may result in an under recognition of melioidosis in
rural communities. Since the late 1990s, the basic bacteriological
capacity at Balimo has effectively ceased. A GeneXpert was recently
installed in Balimo to aid in the management of the emerging DR-TB
epidemic; however, its utility has stalled due to lack of reagents. Just
before COVID broke in January 2020, our group delivered melioi-
dosis specific reagents as part of our continuing collaborative TB
program with the Balimo District Hospital. As a result, during late
2020 and early 2021 three more cases of culture confirmed melioi-
dosis were identified, all were children and all were initially admitted
to the TB ward.

Melioidosis is sporadic, often seasonal and case incidence is non-
randomly spatially clustered within the tropics. Clinical presentation
can mimic TB and without basic bacteriology services, which are
rare and retreating in rural regions, diagnosis can be delayed
resulting in high case fatality rates. If we want to help build
microbiological capacity in the regional tropics of the Asia Pacific,
we must embrace both basic and advanced technology to ensure the
services are sustainable and relevant and understand that the chal-

lenges of the urban and rural microbiologists are not the same.
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