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Short Report: Predictors of Severe Disease in Melioidosis Patients in Kuala Lumpur, Malaysia
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Abstract. The predictors of severe disease or death were determined for 85 melioidosis patients in Kuala Lumpur,
Malaysia. Most of the patients were male, > 40 years old, and diabetic. Severe disease or death occurred in 28 (32.9%)
cases. Lower lymphocyte counts and positive blood cultures were significant independent predictors of severe disease,
but age, presentations with pneumonia, inappropriate empirical antibiotics, or flagellin types of the infecting isolates
were not. Knowledge of local predictors of severe disease is useful for clinical management.

Melioidosis is endemic in southeast Asia and northern
Australia. Clinical manifestations are diverse, with the most
severe forms often leading to death. Mortality rates vary widely
between settings (for example, between Australian [19%] and
Thai [50%] patients).1 This may be because of differences in
patient populations, strain virulence, environmental factors,
and healthcare facilities. It is not certain whether variations
within virulence coding genes influence severity of melioidosis.
The flagellin protein in Burkholderia pseudomallei is involved
in mobility, invasion, and virulence.2 The flagellin (fliC) gene
has been used to type B. pseudomallei by polymerase chain
reaction (PCR) -restriction fragment-length polymorphism
(RFLP).3 However, flagellin types have yet to be correlated
with clinical presentation. It is important to predict which
patients are most at risk of severe disease to institute earlier
interventions, such as appropriate antibiotics and intensive care
unit (ICU) admission. Therefore, the objectives of this study
were to determine clinical and laboratory predictors of severe
melioidosis, including flagellin types.
This retrospective study reviewed clinical and laboratory

data of patients with a first presentation of culture-positive
melioidosis from any site from August of 1988 to June of 2010
at a teaching hospital in Kuala Lumpur, Malaysia. A standard
data collection form was used. Severe disease was defined as
death or requirement of ICU admission, ventilation, or inotro-
pic support. Appropriate empirical antibiotics were defined as
treatment started before culture results were available using
any of the antibiotics recommended for melioidosis treatment,
which are ceftazidime, imipenem, meropenem, coamoxiclav,
doxycycline, chloramphenicol, and cotrimoxazole.4 Approval
was obtained from the hospital’s Medical Ethics Committee
(reference no. 733.8).
Flagellin gene typing was carried out on available stocked

isolates of B. pseudomallei as described in an earlier study,3

which included isolates of 24 patients included in this study.
Bacterial isolates were recovered from stocks on Mueller–
Hinton or blood agar at 37°C for 24–48 hours. Colonies were
suspended in 500 mL sterile distilled water, heated at 100°C for
30 minutes, cooled down in ice, briefly vortexed, and centri-
fuged at 12,000 rpm for 1 minute. The supernatant was used as
the DNA template for amplification of the fliC gene using the
primer pairs BC6E (5¢-ACCAACAGCCTGCAGCGTATC-3¢)
and BCR14 (5¢-TTATTGCAGGAGCTTCAGCAC-3¢).5 A
50-mL reaction mixture was prepared containing 5 mL 10 +

Taq buffer with KCl, 2 mM MgCl2, 0.2 mM each dATP,
dCTP, dGTP, and dTTP, 0.5 mM primers, 2.5 U Taq DNA
polymerase (Fisher Scientific, Pittsburgh, PA), and 2.5 mL
template DNA. PCR was performed in a MyCycler thermal
cycler (Bio-Rad, Hercules, CA) at 95°C for 5 minutes followed
by 35 cycles of 95°C for 1 minute, 60°C for 1 minute, and 72°C
for 1.5 minutes with a final extension at 72°C for 10 minutes.
After confirmation of the product size by agarose gel elec-

trophoresis, the amplified products were subjected to diges-
tion using two restriction enzymes: FastDigest Msp1 and
Sau96I (Cfr13I; Fisher Scientific); 2 mL 1 + FastDigest Green
Buffer was mixed with 1 mL each of the enzymes, 10 mL
amplified DNA, and 2 mL sterile water, and the mixture was
then incubated for 15 minutes at 37°C. The final products of
restriction digestion were separated by electrophoresis on a
2.5% agarose gel pre-stained with ethidium bromide and visu-
alized using a UV illuminator (Syngene, Cambridge, UK).
Data were analyzed with the Statistical Package for the

Social Sciences, version 18 (IBM, Armonk, NY) to determine
predictors for severe disease. Univariate logistic regression
was first carried out. Crude odds ratios (ORs) with 95% con-
fidence intervals (95% CIs) were calculated, and variables
with P < 0.2 were then subjected to multivariate logistic regres-
sion using stepwise selection. Adjusted ORs (aORs) with 95%
CIs were calculated, and variables with P £ 0.05 were consid-
ered significant. The final model was assessed with the Hosmer
and Lemeshow goodness-of-fit test and the area under the
curve of the receiver operating characteristic curve.
In total, 132 patients had positive cultures for melioidosis.

Medical records were not available for 47 (35.6%) cases, leav-
ing 85 patients included in the study. Of these patients,
28 (32.9%) patients had severe disease (Table 1). Most
patients were male (75.3%) and > 40 years old (69.4%). The
mean age was 46.4 years (range = 9–80 years). The distributions
of the major ethnic groups were significantly different among
the melioidosis cases compared with the general population
(Indian: 40% versus 9.3%; Malay: 31.8% versus 40.6%;
Chinese: 22.3% versus 39.1%).6 Diabetes mellitus was the most
common associated risk factor for melioidosis (N = 57; 67.1%),
like in other studies.7–10 In Malaysia, Indians have the highest
prevalence of diabetes11 and the poorest glycemic control,12

which may explain the overrepresentation of Indians among
the cases. However, ethnicity did not predict severe disease.
Other risk factors for melioidosis were renal dysfunction (N =
14; 16.5%), increased alcohol intake (N = 13; 15.3%), chronic
lung disease/asthma (N = 11; 12.9%), immunosuppression (N =
11; 12.9%), and recent jungle trekking (N = 3; 3.5%).
For 70 patients for whom occupation history was available,

the most commonly reported jobs were commercial vehicle
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drivers (N = 13; 18.6%), construction workers (N = 8; 11.4%),
and work involving plants and soil (N = 8; 11.4%). These
occupations involve exposure to soil, dust, and wind, increasing
exposure to the environmental B. pseudomallei. In Brazil,
there is a significant association between construction workers
and B. pseudomallei seropositivity,13 which may be caused by
the liberation of organisms into the air during soil excavation.14

The majority of the patients presented with pneumonia
(44.0%) and fever (41.7%) followed by skin or soft tissue
infections (27.4%). In total, 43 (50.6%) patients had bacter-
emia. The median duration of illness before hospital visit
was 14 days (range = 0–360 days), and the median length of
hospital stay was 20 days (range = 0–210 days).
The following variables of interest did not predict severe

disease: age, flagellin type, ethnicity, any risk factor for
melioidosis, and inappropriate empirical antibiotics (Table 1).
The final multivariate regression model showed two indepen-
dent predictors of severity, lower lymphocyte counts (aOR =
0.91; 95% CI = 0.84–0.99) and presence of positive blood
cultures (aOR = 4.05; 95% CI = 1.31–12.53), which were also
found in other studies.10,15 This model had satisfactory fit and
discrimination (goodness-of-fit P = 0.80; area under the curve
= 0.77). T-cell lymphocytes and natural killer cells are
depleted in acute melioidosis.16 Because both are important
sources of interferon-g, which plays an important role in
resistance to B. pseudomallei,17 lower lymphocyte counts
may result in a poorer response to acute infection. Other
reported independent predictors of severity include Acute
Physiology and Chronic Health Evaluation II (APACHE II)
scores, interleukin-6 (IL-6), pneumonia, low platelet counts,
fever, urea levels, hypoxia, and altered sensorium.7,10,18

In total, 63 (75.9%) patients were started on inappropriate
empiric antibiotics before diagnosis, although 56 (65.9%)
patients eventually received appropriate intensive-phase ther-
apy after diagnosis. Of these patients, 47 (83.9%) patients
were prescribed ceftazidime, and 9 (16.1%) patients were
given a carbapenem, although the proportion of patients on
a carbapenem who had severe disease was higher (77.8%)
compared with those on ceftazidime (23.4%). Of 65 (76.5%)
patients who survived, 54 (85.8%) patients were discharged
with melioidosis eradication therapy, and most of these
(63.6%) patients were prescribed a two- or three-drug combi-
nation therapy. Surprisingly, there was a non-significant higher
rate of severe disease in patients with appropriate empiric ther-
apy (45.0%) compared with those with inappropriate therapy
(30.2%). This finding was also reported in another Malaysian
center,19 and it is contrary to the experiences of other centers,
where incorrect empiric therapy was associated with worse
outcomes.20–22 It may be that the Malaysian patients presented
late with advanced disease, and appropriate treatment had less
impact on outcome. Another possibility is that those presenting
with severe disease were more likely to be suspected of having
melioidosis and started on specific antimelioid therapy.
Flagellin typing results of 24 isolates were reported in an

earlier study.3 Another 16 isolates were typed in this study,
making a total of 40 isolates. Of these isolates, 30 (75%)
patients had flagellin allelic type I, 6 (15%) patients had fla-
gellin allelic type II, and 4 (10%) patients had flagellin allelic
type III, but there was no association with severity of disease.
Other studies have also failed to find a link between molecular
types with disease presentation,23,24 suggesting that host factors
are more important in determining the course of the disease.

Table 1

Selected results of univariate and multivariate logistic regression analyses

Predictor n (%) No. with severe disease, n (%) Crude OR (95% CI) P value Adjusted OR (95% CI) P value

Age, years 85 28 (32.9) 1.03 (1.00–1.07) 0.028 − NS
Gender
Male 64 (75.3) 21 (32.8) 1 − −

Female 21 (24.7) 7 (33.3) 1.02 (0.36–2.92) 0.97
Ethnicity
Indian 34 (40.0) 11 (32.4) 0.72 (0.10–4.93) 0.74 − −

Malay 27 (31.8) 9 (33.3) 0.75 (0.11–5.32) 0.77
Chinese 19 (22.3) 6 (31.6) 0.69 (0.09–5.29) 0.72
Other 5 (5.9) 2 (40.0) 1

Any risk factors for melioidosis
No 7 (8.2) 2 (28.6) 0.8 (0.15–4.41) 0.80 − −

Yes 78 (91.8) 26 (33.3) 1
Pneumonia
No 47 (56.0) 10 (21.3) 1 − NS
Yes 37 (44.0) 18 (48.7) 3.51 (1.36–9.07) 0.010

Bacteremia
No 42 (49.4) 7 (16.7) 1 1
Yes 43 (50.6) 21 (48.8) 4.77 (1.74–13.08) 0.002 4.05 (1.31–12.53) 0.015

Empirical antibiotics
Appropriate 20 (24.1) 9 (45.0) 1 0.23 − −

Inappropriate 63 (75.9) 19 (30.2) 0.53 (0.19–1.48)
Lymphocyte count 73 26 (35.6) 0.91 (0.84–0.98) 0.008 0.91 (0.84–0.99) 0.023
Platelets 78 24 (30.8) 0.995 (0.991–0.999) 0.018 − NS
Serum bilirubin 72 25 (34.7) 1.02 (1.00–1.04) 0.041 − NS
Serum alanine transaminase 74 21 (28.4) 1.01 (1.00–1.02) 0.019 − NS
Serum urea 83 27 (32.5) 1.06 (1.00–1.12) 0.052 − NS
Flagellin type of isolate
I 30 (75.0) 19 (63.3) 1 − −

II 6 (15.0) 2 (33.3) 0.29 (0.05–1.85) 0.19
III 4 (10.0) 3 (75.0) 1.74 (0.16–18.80) 0.65

NS = not significant.
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Cheng and others15 developed a scoring system for predicting
mortality in melioidosis in Darwin, Australia based on seven
criteria: presence of pneumonia, age, lymphocyte count,
serum urea, bilirubin, creatinine, and bicarbonate. A cutoff
of score of three stratified the patients into two groups, low
risk (mortality < 10%) and high risk (mortality > 40%), with a
positive predictive value (PPV) of 44.6% and a negative pre-
dictive value (NPV) of 91.4%. The scoring system was evalu-
ated using 67 cases in our study for which at least six data
values were available, giving a similar PPV of 57.9% and a
similar NPV of 86.2%. This scoring system may, therefore, be
useful in Malaysian settings.
In conclusion, patients with melioidosis presenting to our

center commonly were older, were male, had diabetes mellitus
or renal disease, and presented with fever and pneumonia.
Severe morbidity and mortality rates were high (32.9%).
Lower lymphocyte counts and positive blood cultures during
admission were significantly associated with severe
melioidosis. Study of the local factors influencing severity of
melioidosis is important, because they likely vary between
locations and will benefit clinical interventions.
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13. Rolim DB, Vilar DCFL, de Góes Cavalcanti LP, Freitas LB,
Inglis TJ, Nobre Rodrigues JL, Nagao-Dias AT, 2011.
Burkholderia pseudomallei antibodies in individuals living in
endemic regions in northeastern Brazil. Am J Trop Med Hyg
84: 302–305.

14. Tan AL, Ang BSP, Ong YY, 1990. Melioidosis: epidemiology and
antibiogram of cases in Singapore. Singapore Med J 31: 335–337.

15. Cheng AC, Jacups SP, Anstey NM, Currie BJ, 2003. Proposed
scoring system for predicting mortality in melioidosis. Trans R
Soc Trop Med Hyg 97: 577–581.

16. Ramsay SC, Ketheesan N, Norton R, Watson AM, LaBrooy J,
2002. Peripheral blood lymphocyte subsets in acute human
melioidosis. Eur J Clin Microbiol Infect Dis 21: 566–568.

17. Santanirand P, Harley VS, Dance DA, Drasar BS, Bancroft GJ,
1999. Obligatory role of gamma interferon for host survival in
a murine model of infection with Burkholderia pseudomallei.
Infect Immun 67: 3593–3600.

18. Simpson AJ, Smith MD, Weverling GJ, Suputtamongkol Y,
Angus BJ, Chaowagul W, White NJ, van Deventer SJ,
Prins JM, 2000. Prognostic value of cytokine concentrations
(tumor necrosis factor-alpha, interleukin-6, and interleukin-10)
and clinical parameters in severe melioidosis. J Infect Dis
181: 621–625.

19. How SH, Liam CK, 2006.Melioidosis: a potentially life-threatening
infection.Med J Malaysia 61: 386–395.

20. Ruangsupanth S, Limwattananon C, Limwattananon S, Chaiyakum
A, Sakolchai S, Pongrithsakda V, Susaengrat W, 2004. Appro-
priate use of antibiotics and patient outcomes in melioidosis.
Malay J Pharm Sci 2: 9–20.

21. Vlieghe E, Kruy L, De Smet B, Kham C, Veng CH, Phe T, Koole
O, Thai S, Lynen L, Jacobs J, 2011. Melioidosis, Phnom Penh,
Cambodia. Emerg Infect Dis 17: 1289–1292.

22. Waiwarawooth J, Jutiworukul K, Joraka W, 2008. Epidemiology
and clinical outcome of melioidosis at Chonburi Hospital,
Thailand. J Infect Dis Antimicrob Agents 25: 1–11.

23. Haase A, Smith-Vaughan H, Melder A, Wood Y, Janmaat A,
Gilfedder J, Kemp D, Currie B, 1995. Subdivision of
Burkholderia pseudomallei ribotypes into multiple types by
random amplified polymorphic DNA analysis provides new
insights into epidemiology. J Clin Microbiol 33: 1687–1690.

24. Cheng AC, Day NPJ, Mayo MJ, Gal D, Currie BJ, 2005.
Burkholderia pseudomallei strain type, based on pulsed-field
gel electrophoresis, does not determine disease presentation in
melioidosis. Microbes Infect 7: 104–109.

1178 MOHD ROSLANI AND OTHERS


