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ABSTRACT Burkholderia pseudomallei is a Gram-negative soil saprophyte with the
potential to cause melioidosis, an opportunistic disease with a high mortality potential.
Periodic case reports of melioidosis in or imported from Africa occur in the literature
dating back decades. Furthermore, statistical models suggest Western sub-Saharan
Africa as a high-risk zone for the presence of B. pseudomallei. A recent case report
from the United Kingdom of a returning traveler from Ghana highlights the need for
environmental studies in Ghana. We examined 100 soil samples from a rice farm in
south-central Ghana. Soil was subjected to selective enrichment culture for B. pseudomal-
lei using threonine-basal salt solution with colistin (TBSS-C50) and erythritol medium, as
described in the literature. Bacterial cultures were identified with standard biochemical
tests, a rapid antigen detection assay, and real-time PCR specific for B. pseudomallei. Of
the 100 soil samples, 55% yielded cultures consistent with B. pseudomallei on Ashdown’s
agar as well as by capsular polysaccharide antigen production. This is the first confirma-
tory report of culture-confirmed B. pseudomallei in the environment of Ghana. Our study
emphasizes the need for further exploration of the burden of human melioidosis in
Ghana. We recommend that local clinicians familiarize themselves with the diagnosis and
clinical management of melioidosis, while laboratories develop capacity for the safe isola-
tion and identification of B. pseudomallei.

IMPORTANCE We present the first confirmation of the presence of B. pseudomallei in the
environment of Ghana. This study will bring attention to a disease with the potential to
cause significant morbidity and mortality in Ghana, but which has gone completely
unrecognized until this point. Furthermore, this work would encourage local clinicians to
familiarize themselves with the diagnosis and clinical management of melioidosis and lab-
oratories to develop capacity for the safe isolation and identification of B. pseudomallei.

KEYWORDS Burkholderia pseudomallei, melioidosis, environment, soil, Ghana, West
Africa, environmental microbiology

B urkholderia pseudomallei, the causative agent of melioidosis, is an emerging oppor-
tunistic, Gram-negative, soil-dwelling bacterium causing diverse presentations, such

as lung, skin, and liver infection, septic arthritis, and osteomyelitis. Bacteremia is seen in
most patients, with multifocal infection being common (1). The mortality rate of recog-
nized melioidosis in well-resourced areas ranges from 10% (Australia) to 40% (Thailand),
although it can be much higher in low-resource settings and as high as 90% in untreated
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sepsis (1, 2). Recent in silico modeling predicts the global burden of melioidosis, once
thought to be a few thousand cases per year, to infect 165,000 people, causing approxi-
mately 89,000 deaths (3). Consistent with this prediction, B. pseudomallei continues to
emerge as a significant pathogen even 100 years after its discovery in Rangoon, Burma
(Yangon, Myanmar), by the pathologist Alfred Whitmore in 1911 (4).

While our understanding of the presence of B. pseudomallei and burden of disease
in Southeast Asia, the Americas, and northern Australia is improving, evidence in Africa
is scant (5–8). Recently, a culture-confirmed case of melioidosis was reported from the
United Kingdom in a Ghanaian patient who emigrated there for a period of 14 months
(9). This, together with predictive environmental modeling, suggests that B. pseudo-
mallei could be present in Ghana, necessitating further investigation.

A set of consensus guidelines have been developed to promote consistent conduct
of environmental surveys for B. pseudomallei. These include the systematic sampling of a
fixed-interval grid and the use of threonine-basal salt solution with colistin (TBSS-C50)
medium for enrichment and the use of Ashdown’s agar for isolation (10, 11). While these
methods are robust in the promotion of B. pseudomallei growth, they also allow the
growth of near-neighbor species. The preponderance of near neighbors complicates soil
culture for B. pseudomallei recovery (12). A recent study identified a significant increase
in sensitivity when erythritol was used as the sole carbon source in the enrichment me-
dium, precluding the growth of many near-neighbor species while promoting the
growth of B. pseudomallei. Combining these two methods into a two-step enrichment
improves the yield of B. pseudomallei isolates from environmental samples (13).

Here, we present preliminary findings of the first environmental sampling for the
presence of B. pseudomallei in Ghana. The Konongo-Odumase area in the Anum Valley
of the Ashanti Region, located in south-central Ghana, was selected for this initial ex-
ploratory study as the environment is suitable for rice farming and consistent with
areas of known endemicity for B. pseudomallei (Fig. 1). This area has undergone rice
farming development and land use changes in recent years. The region is a semidecid-
uous forest zone comprised of many inland valley wetland bottomlands, with an an-
nual rainfall of approximately 1,400 mm and with two peak rain seasons from April to
August and September to November. Previous soil surveys of 60 field plots in this area
found soils to be relatively deep, with textures that vary from sandy loam through silt
loam and loam and consistent with those from other countries where melioidosis is
endemic (14). In the areas we sampled, B. pseudomallei was widespread, although not
evenly distributed, demonstrating that Ghana, and potentially all of West Africa, is an
extensive area of endemicity for B. pseudomallei.

FIG 1 Location and environment of sampling site.
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RESULTS

The 100 soil samples were 30 cm deep and yielded an average pH of 4.56 0.49 and
temperature of 29.75 6 5.42°C, while ambient air temperature increased from 31°C to
32°C during the 66-min sampling time. Soil cultures yielded colonies resembling B.
pseudomallei (Fig. 2A) from 55/100 sampling points; other colony morphologies, not
resembling B. pseudomallei, were also present. The capsular polysaccharide (CPS) anti-
gen was detected in the same 55 enrichment broth supernatants collected throughout
the sampling area (Fig. 2B). Five isolates selected for confirmatory identification were
verified by API profile with at least 92.6% confidence (Table 1, top), were oxidase positive
(not shown), CPS positive (Fig. 3), and resistant to colistin (TBSS-C50) and gentamicin
(Ashdown’s agar), but susceptible to amoxicillin-clavulanic acid, ceftazidime, doxycycline,
imipenem, meropenem, and trimethoprim-sulfamethoxazole (Table 2, top). Other iso-
lates selected for characterization were identified as Stenotrophomonas maltophilia and
Achromobacter xylosoxidans (bottom portions of Tables 1 and 2). The overall pattern of
positivity within the 1,225 m2 grid was not evenly distributed (Fig. 2B).

DISCUSSION

This is the first definitive description of the presence of B. pseudomallei in Ghana,
supporting the predictive environmental modeling for the region and the recent case

FIG 2 Sampling results. (A) Presumptive B. pseudomallei colonies on Ashdown’s agar. Growth of
enriched culture from sampling point C2 after 96 h of incubation at 35°C. (B) Fixed-interval sampling
grid. The sampling points that produced colonies consistent with B. pseudomallei on Ashdown’s agar
and were B. pseudomallei capsule positive are indicated by red shading. Those positively identified as
B. pseudomallei are indicated with a star.

TABLE 1 Bacterial identification of B. pseudomallei and other organisms identified in the
same environmenta

Organism
Sampling
point API 20 NE profile Confidence %

Reaction to:

CPS Ox PCR
B. pseudomallei B2 1 1 5 6 5 7 6 99.9 POS POS POS

C2 1 1 5 6 5 7 6 99.9 POS POS POS
D6 1 1 5 6 5 7 4 92.6 POS POS POS
H3 1 1 5 6 5 7 6 99.9 POS POS POS
J10 1 1 5 6 5 7 4 92.6 POS POS POS

Other organisms
S. maltophilia D10 0 4 7 2 3 4 5 99.7 NEG POS ND
A. xylosxidans F3 1 0 4 0 4 7 7 94.5 NEG POS ND

aShown are results for Burkholderia pseudomallei colonies and Stenotrophomonas maltophilia and Achromobacter
xylosoxidans. The API profiles are provided, along with the identification and confidence in that identification
provided by APIWEB. The reactions to B. pseudomallei capsule (CPS), oxidase test (Ox), and PCR specific for the
B. pseudomallei type III secretion system are also presented (19). POS, positive; NEG, negative; ND, not done.
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report in the United Kingdom of a returning traveler with a rural environmental expo-
sure history in Ghana (8, 9). The presence of B. pseudomallei was positively confirmed
through culture, the expression of B. pseudomallei capsular polysaccharide, biochemi-
cal testing, and PCR in five points throughout our sampling site. These five isolates also
displayed antibiotic sensitivity profiles that were consistent with B. pseudomallei. In
total, 55% of the 100 points sampled produced colonies that were consistent with
B. pseudomallei (Fig. 2A) and were positive for B. pseudomallei capsule. While near
neighbors such as Burkholderia thailandensis produce similar colony morphologies on
Ashdown’s agar, and some strains have been shown to produce B. pseudomallei capsu-
lar polysaccharide, near-neighbor species lack the ability to utilize erythritol as the sole
carbon source and would have been selected against during the enrichment process
(13, 15). Nonetheless, the number of sampling points with confirmed B. pseudomallei
remains uncertain, and additional characterization of each sampling point would be
required to definitively characterize the full distribution of B. pseudomallei across this
sampling site.

When combined with the recent publication of a case report of melioidosis in
Ghana, our findings support that Ghana is a previously unknown area of endemicity
for B. pseudomallei. Even where B. pseudomallei is prevalent, melioidosis is a disease
that is not readily detected by routine laboratory testing. Agricultural intensification
and expansion in areas where environmental risks remain largely unknown may result
in the undetected emergence of diseases in patients that present to health and labora-
tory services unprepared for differential screening and specific diagnostic testing. A

FIG 3 Active Melioidosis Detect lateral flow immunoassay (AMD LFI) results from the five colonies
positively identified as B. pseudomallei. Suspected colonies were suspended in sterile saline to a
McFarland standard of 0.5, and 25 mL of the suspension was added to the AMD LFI followed by chase
buffer. The control line is indicated by “C” and the test line by “T.” Samples with a line at both positions
are considered positive for B. pseudomallei capsular polysaccharide.

TABLE 2 Antibiotic susceptibility profiles for B. pseudomallei and other organisms identified
in the same environmenta

Organism
Sampling
point

Zone of inhibition (mm) for antimicrobial agent

AMC
(20/10 mg)

CAZ
(30 mg)

DO
(30 mg)

IPM
(10 mg)

MEM
(10 mg)

SXT (1.25/
23.75mg)

B. pseudomallei B2 28 32 30 41 28 30
C2 28 30 28 42 28 30
D6 28 31 28 41 30 30
H3 28 32 30 40 30 30
J10 28 32 30 41 28 30

Other organisms
S. maltophilia D10 0 0 0 20 0 35
A. xylosoxidans F3 22 25 22 22 35 38

aShown are results for Burkholderia pseudomallei colonies and Stenotrophomonas maltophilia and Achromobacter
xylosoxidans. Each disk and its content (in parentheses) are provided, as are the zones of inhibition for
amoxicillin-clavulanic acid (AMC), ceftazidime (CAZ), doxycycline (DO), imipenem (IPM), meropenem (MEM),
and trimethoprim-sulfamethoxazole (SXT).
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recent study presenting details on 200 Gram-negative clinical isolates from a nearby
hospital did not identify any B. pseudomallei isolates, although two isolates of
Burkholderia cepacia were found (16). Investments should be made in building the
capacity of medical laboratory personnel to improve their ability to identify and diag-
nose B. pseudomallei, and clinicians should familiarize themselves with the clinical
management of melioidosis.

We are presently engaged in a more thorough characterization of numerous sam-
pling sites in this region to include complete genome sequencing and phylogenetic
analyses of isolates. Additionally, our study team is engaged in an observational study
of sepsis at the nearby Komfo Anokye Teaching Hospital (KATH). Improved laboratory
capability and retrospective analyses of patient samples and data will contribute to our
understanding of the burden of melioidosis in south-central Ghana.

MATERIALS ANDMETHODS
Study site. We identified a rice farming area in the Anum River Valley of the Ashanti Region of

Ghana for soil sampling at approximately 6°37917.20N and 1°17915.50W. The farms consist of approxi-
mately 50- by 50-m plots, with individual plots in different stages of the rice growing cycle, including
newly planted rice, freshly harvested rice, and previously harvested rice. The rice growing area is
bisected by a tributary of the Anum River, and plots (or groups of plots) are irrigated to different degrees
and range from dried hardened soil to waterlogged.

Institutional ethics and community outreach. A study protocol was drafted and registered with
the Komfo Anokye Teaching Hospital (KATH) Research and Development Unit as well as the KATH
Institutional Review Board (IRB). The village chief was engaged and provided permission to approach
community landowners. All landowners provided written informed consent to sample their property.

Environmental sampling. Samples were collected according to the consensus guidelines for envi-
ronmental sampling of B. pseudomallei (10). Briefly, each 35-m2 site was divided into 10-by-10 grids of
3.5 m2 each. At the center of each square of the grid, an auger was inserted to a depth of 30 cm, and
approximately 10 g of soil was collected at each point. At each corner of the sampling site, soil tempera-
ture and pH were recorded at the sampling depth of 30 cm, in addition to ambient temperature at the
start and completion of sampling. The sampling was conducted in the month of January, between the
two wet seasons in the region.

Soil enrichment and screening. Soil samples were enriched for B. pseudomallei according to the
consensus guidelines, with one additional step as previously described by Trinh et al. (10, 13). Briefly, 10
g of soil was used to inoculate 10 mL of TBSS-C50. The tubes were vortexed to mix thoroughly and incu-
bated at 40°C for 48 h. Following incubation, the tubes were again mixed by vortexing, and the solids
were allowed to settle for 1 h at room temperature. One milliliter of the resulting supernatant was then
transferred to 9 mL of erythritol enrichment medium and incubated at 40°C for an additional 96 h (13). A
1.2-mL sample of the resulting cultures was then combined with 0.3 mL of 80% sterile glycerol and fro-
zen at 280°C for storage.

Identification and characterization of B. pseudomallei. Frozen cultures were thawed in biosafety
level 3 (BSL3) containment and screened with an antigen capture immunoassay for the B. pseudomallei
capsule using the 4C4 capture antibody as previously described (17, 18). The thawed cultures were also
used to inoculate Ashdown’s agar plates, which were incubated at 35°C for 96 h. Colonies presenting a
morphology consistent with B. pseudomallei (i.e., flat, wrinkled, and purple colonies), as well as other
morphologies, were streaked for isolation onto tryptic soy agar (TSA) plates and incubated at 37°C for
24 h. Individual colonies with identical morphology were selected for identification and suspended in
0.85% NaCl to a McFarland standard of ;0.5. The resulting suspension was used to inoculate API 20 NE
strips (bioMérieux), and Mueller-Hinton (MH) agar plates for disk diffusion antimicrobial susceptibility
testing. An additional 25 mL of the suspension from select colonies was added to the Active Melioidosis
Detect lateral flow immunoassay (AMD LFI) (InBios) and read according to the manufacturer’s instruc-
tions (18). Antibiotic sensitivity disks (Oxoid) were added to the MH plates, which along with the API 20
NE strips, were incubated at 37°C. Following 24 h of incubation, each API 20 NE strip was read according
to the manufacturer’s instructions, and the antibiotic zones of inhibition were measured. API 20 NE strips
were reevaluated following an additional 24 h of incubation. API profiles were entered into APIWEB
(https://apiweb.biomerieux.com) for final identification. Isolates with API profiles identified as B. pseudo-
mallei were confirmed by PCR specific for the B. pseudomallei type III secretion system as described else-
where (19).
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