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Abstract

Background

Melioidosis is a serious, and potentially fatal community-acquired infection endemic to
northern Australia and Southeast Asia, including Sarawak, Malaysia. The disease, caused
by the usually intrinsically aminoglycoside-resistant Burkholderia pseudomallei, most com-
monly affects adults with predisposing risk factors. There are limited data on pediatric
melioidosis in Sarawak.

Methods

A part prospective, part retrospective study of children aged <15 years with culture-confirmed
melioidosis was conducted in the 3 major public hospitals in Central Sarawak between 2009
and 2014. We examined epidemiological, clinical and microbiological characteristics.

Findings

Forty-two patients were recruited during the 6-year study period. The overall annual inci-
dence was estimated to be 4.1 per 100,000 children <15 years, with marked variation
between districts. No children had pre-existing medical conditions. Twenty-three (55%) had
disseminated disease, 10 (43%) of whom died. The commonest site of infection was the
lungs, which occurred in 21 (50%) children. Other important sites of infection included lymph
nodes, spleen, joints and lacrimal glands. Seven (17%) children had bacteremia with no

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005650 June 9, 2017

1/16


https://doi.org/10.1371/journal.pntd.0005650
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005650&domain=pdf&date_stamp=2017-06-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005650&domain=pdf&date_stamp=2017-06-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005650&domain=pdf&date_stamp=2017-06-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005650&domain=pdf&date_stamp=2017-06-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005650&domain=pdf&date_stamp=2017-06-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005650&domain=pdf&date_stamp=2017-06-21
https://doi.org/10.1371/journal.pntd.0005650
https://doi.org/10.1371/journal.pntd.0005650
http://creativecommons.org/licenses/by/4.0/
mailto:stjeffery@moh.gov.my
mailto:stjeffery@moh.gov.my

@‘PLOS NEGLECTED
Z) TROPICAL DISEASES Pediatric melioidosis in Sarawak, Malaysian Borneo

role in study design, data collection and analysis,
decision to publish, or preparation of the
manuscript.

Competing interests: The authors have declared
that no competing interests exist.

overt focus of infection. Delays in diagnosis and in melioidosis-appropriate antibiotic treat-
ment were observed in nearly 90% of children. Of the clinical isolates tested, 35/36 (97%)
were susceptible to gentamicin. Of these, all 11 isolates that were genotyped were of a sin-
gle multi-locus sequence type, ST881, and possessed the putative B. pseudomallei viru-
lence determinants bimAg,,, fhaB3, and the YLF gene cluster.

Conclusions

Central Sarawak has a very high incidence of pediatric melioidosis, caused predominantly
by gentamicin-susceptible B. pseudomallei strains. Children frequently presented with dis-
seminated disease and had an alarmingly high death rate, despite the absence of any
apparent predisposing risk factor.

Author summary

Melioidosis is a serious, and often fatal community-acquired infection endemic to South-
east Asia and northern Australia. It is caused by the environmental saprophyte Burkhol-
deria pseudomallei, a bacterium that is intrinsically resistant to many commonly used
antibiotics. Its presence in Sarawak, Malaysian Borneo, has been documented, and
recently, a novel gentamicin-susceptible strain discovered. However, there are limited
data on the burden and clinical characteristics of melioidosis in Sarawak, both in adults
and in children. In this study, we comprehensively investigated all pediatric melioidosis
cases in Central Sarawak over a 6-year period. We found that this region has a very high
incidence of pediatric melioidosis, and that children frequently presented with dissemi-
nated disease and had high fatality rates, despite the absence of any predisposing risk fac-
tor. We confirmed that these infections were caused predominantly by gentamicin-
susceptible B. pseudomallei strains. We also highlighted other undescribed epidemiologi-
cal, clinical and microbiological features, which may help in the overall understanding of
B. pseudomallei infections. We emphasized the importance of improving the awareness
and recognition of melioidosis in children, both in Sarawak and in other endemic regions.

Introduction

Melioidosis is a serious tropical infectious disease endemic to Southeast Asia and northern
Australia, caused by the gram-negative bacillus Burkholderia pseudomallei [1]. The bacterium,
found in soil and surface water [2], is acquired through inoculation, inhalation and ingestion
[3]. In endemic regions, melioidosis is a major cause of fatal community-acquired bacteremia
and pneumonia in adults [4, 5], and case fatality rates of 50% continue to be reported [6].
Pediatric melioidosis is reported to be less common than adult disease, constituting
between 5-15% of all melioidosis cases [7]. Children are less likely to develop disseminated
disease, and deaths are believed to occur mainly in individuals with predisposing risk factors
[8]. Epidemiologically separate scenarios are neonatal melioidosis and also transmission to
infants from breast milk of mothers with melioidosis mastitis, both with high mortality [9, 10].
Although the majority of pediatric melioidosis data to date have originated from small, retro-
spective studies, marked differences in disease manifestations have been noted between the
various melioidosis endemic regions. For instance, while parotid infection occurs in 25% of
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childhood infections in Thailand and neurological disease is extremely uncommon [11], the
salivary gland is rarely involved in northern Australia but neurological disease occurs in as
many as 38% of cases [12]. In Malaysia, both parotid and neurological involvement have been
reported [13, 14]. Regional variations in acquisition route, host immune response and bacterial
strain genetic factors may be contributing to these differences in disease manifestations [3].

Sarawak, in Malaysian Borneo, is endemic for melioidosis; although data have largely been
limited to seroprevalence studies and case reports in adults [15, 16]. Of note, a recent study
from Central Sarawak reported an unusually high isolation rate of gentamicin-susceptible B.
pseudomallei [17], whereas the hallmark of B. pseudomallei has been intrinsic resistance to ami-
noglycosides [18].

The burden and the clinical characteristics of pediatric melioidosis in Sarawak have never
been documented. In addition, the importance of the recently reported gentamicin-susceptible
B. pseudomallei, and the molecular characteristics of B. pseudomallei in this region, remain
unknown. To answer these questions, we conducted a part prospective, part retrospective
study to determine the epidemiological, clinical and microbiological characteristics of pediat-
ric melioidosis in Central Sarawak.

Methods
Study sites and population

The study was conducted at the 3 major public hospitals (Sibu, Bintulu and Kapit Hospital)
that provide medical, surgical and intensive care services for adults and children living in Cen-
tral Sarawak; an area of approximately 60,000 km? with a total population of 592,000, includ-
ing 173,000 aged <15 years.

We prospectively identified all children aged <15 years with culture-confirmed melioidosis
presenting to the pediatric or intensive care ward from July 2010 to December 2014. Details on
demography, underlying medical conditions, symptoms, physical findings, laboratory results,
case management and outcome were collected using standardized data collection forms. Medi-
cal records of culture-confirmed melioidosis cases diagnosed between January 2009 and June
2010 were also retrieved and relevant data were recorded using the same data collection forms.

Case definitions

Melioidosis was classified as either localized or disseminated. A localized disease was defined
as a single, discrete, culture-positive focus of infection, in the absence of a positive blood cul-
ture and clinical/radiological evidence of dissemination to other sites. Disseminated disease
was defined as the presence of infection in >2 discrete body sites and/or a positive blood cul-
ture. Infection sites were established based on physical and/or radiological findings. The pri-
mary infection site was determined based on the initial organ-specific symptom. Secondary
sites were infection sites that developed subsequently or only became evident after hospital
admission. Based on admission body weight, children were defined as having poor nutritional
status if they were moderately or severely underweight. Children aged <10 years were catego-
rized as moderately or severely underweight based on World Health Organization definitions
[19], while children aged >10 years were considered at least moderately underweight if their
body weight was below the 3rd percentile [20]. Tachycardia and tachypnea were defined based
on World Health Organization (WHO) definitions [21]. Septic shock was defined by the pres-
ence of hypotension with end-organ dysfunction unresponsive to fluid replacement. Chest
radiography was only performed if respiratory symptoms or signs were present, either on
admission, or whenever they developed during the hospital stay. All lung involvement (pneu-
monia) was radiologically confirmed. Melioidosis-appropriate antibiotics were defined as the
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use of either ceftazidime, a carbapenem, trimethoprim-sulfamethoxazole, amoxicillin-clavula-
nate or doxycycline.

Microbiological methods

Blood samples collected from patients were subjected to the BACTEC blood culture system
according to the manufacturer’s instructions (Becton Dickinson, USA). Positive growth was
subcultured onto blood agar, chocolate agar and MacConkey agar. Samples from other sources
(pus, sputum, endotracheal secretions, pleural fluid) were cultured directly on blood agar, cho-
colate agar and MacConkey agar. B. pseudomallei was initially identified with either API20NE
(BioMérieux, France) or BBL Crystal Identification Systems (Becton Dickinson, USA), and
confirmed with real-time PCR targeting TTS1, as described previously [22]. Antibiotic suscep-
tibility of B. pseudomallei isolates were determined by the Kirby-Bauer disk diffusion suscepti-
bility test (Becton Dickinson, USA) and/or E-tests (BioMérieux, France). Multilocus sequence
typing (MLST) was performed as described previously [23]. The presence of nucleotide se-
quences encoding Burkholderia intracellular motility factor A (BimAg,, or BimAg,) and fila-
mentous hemagglutination genes (FhaB3), and the Burkholderia thailandensis-like flagellum
and chemotaxis (BTFC) and the Yersinia-like fimbrial (YLF) gene clusters were determined
using previously published methods [24].

Statistical analysis

Statistical analysis was performed using SPSS Statistics 21. The Mann-Whitney U test was used
for numerical variables and either the y” test or Fisher exact test was used for categorical vari-
ables. The correlation between the number of culture-confirmed melioidosis cases and average
monthly rainfall in Central Sarawak was examined using Spearman’s rank co-efficient test.
Population data were obtained from the Malaysian Census Data 2010. Meteorological data
were obtained from the Malaysian Meteorological Department.

Ethics statement

The study was approved by the Malaysian Medical Research Ethics Committee (NMRR-10-
907-6862). Written informed consent was obtained from the parent or guardian of each child
at enrollment. All retrospective data analyzed were anonymized.

Results
Epidemiological characteristics

Forty-two children with culture-confirmed melioidosis were identified during the 6-year study
period (3 in 2009, 5 in 2010, 12 in 2011, 8 in 2012, 9 in 2013 and 5 in 2014). The overall average
annual incidence rate was 4.1 per 100,000 children <15 years, with marked variation between
districts ranging from 0 to 20.2 per 100,000 children <15 years (Fig 1). Although more than
50% of children presented during the drier months of April to July (Fig 2), no significant cor-
relation was found between the monthly incidence and average monthly rainfall (r; = -0.078,

P =0.81). Of the 41 children with data available (S1 Fig), 33 (80%), including 9 of 10 fatal
cases, resided in traditional longhouses in rural areas, where gravity-fed water systems supply
homes with untreated water from streams.

Clinical characteristics

Patient demographics and disease manifestations. Of the 42 children, 21 (50%) were <5
years, including 2 neonates. None had pre-existing medical conditions, although 13 (32%) had
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Fig 1. Average annual incidence of pediatric melioidosis by district within the Central region of Sarawak. The map of Borneo shows the
Malaysian states of Sarawak and Sabah, and the location of the 3 study sites. The map insert depicts the average annual incidences of pediatric
melioidosis in each district in Central Sarawak. The incidence per 100,000 children <15 years/ year, in each district, is labelled.

https://doi.org/10.1371/journal.pntd.0005650.g001
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Fig 2. Distribution of the 42 pediatric melioidosis cases and average rainfall by month. The bar chart shows the distribution
of the 42 pediatric melioidosis cases according to the month of admission. The average monthly rainfall over the 6-year period
(January 2009—December 2014) in Central Sarawak is shown in the line graph. Cases are categorized into disseminated and
localized melioidosis.

https://doi.org/10.1371/journal.pntd.0005650.g002

poor nutritional status. Twenty-three (55%) children had disseminated, and 19 (45%) had
localized disease. The median duration of symptoms prior to admission was 14 (IQR 7-21)
days. Most children had a history of fever at home, although 7 (17%), including 5 with local-
ized disease, did not have a reported fever. Children with disseminated disease presented pre-
dominantly with respiratory and abdominal symptoms. They were unwell, had respiratory
compromise and shock, lower lymphocyte and platelet counts, and abnormal blood biochem-
istry on admission (Table 1).

Ten (24%) children died; all had disseminated disease (P = 0.001) and bacteremia (P<0.001).
The case fatality rate increased with the number of affected organ sites (Table 2). Septic shock
was strongly associated with mortality, noted in all (100%) deaths but in only 3 of 32 (9%) survi-
vors (P<0.001). The case fatality rate was 77% (10/13) when septic shock was present.

The commonest site of infection was the lungs, occurring in 21 (50%) children (Table 3).
Eighteen (86%) of these children were bacteremic, including all 6 children whose lungs were
involved as a secondary infection site. Children whose lungs were involved as a secondary site
had a statistical trend for higher fatality than children whose lungs were the primary infection
site (5/6 [83%] vs 5/15 [33%], P = 0.06, OR 10.0, 95%CI 0.9-110.3). When the lungs were the
primary infection site, chest radiographs in all except 1 of the children showed unilateral, lobar
consolidation. The remaining child had right peri-hilar haziness. Para-pneumonic effusion
was observed in two children. In comparison, when the lungs were a secondary infection
site, chest radiographs invariably showed bilateral, widespread, nodular or patchy alveolar
opacities.

Seven (17%) children presented initially with undifferentiated fever, and no evident infec-
tion focus. Six (86%) subsequently developed >1 secondary foci, mainly affecting the lungs
(83%) and joints (50%). Children with no evident infection focus had a higher fatality rate
when compared with children who had an overt primary infection site (4/7 [57%] vs 6/35
[17%], P = 0.04, OR 6.4, 95%CI 1.1-36.6). Among children with disseminated disease, the
median duration of illness prior to admission was significantly longer in those with no evident
infection focus than in those who had an overt primary infection site [15 (IQR 14-24) vs 7
(IQR 4-19) days, P = 0.03].
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Table 1. Demographic, presenting clinical features on admission, subsequent findings and outcome of 42 children with culture-confirmed

melioidosis.

Characteristic All patients Disseminated disease Localized disease P

No. of patients 42 23 19

Demography
Age, years, median (IQR) 4.7 (1.9-10.7) 2.7 (1.6-10.6) 6.3(1.9-11.1) 0.29
Male sex 21 (50) 14 (61) 7 (37) 0.22
Iban ethnicity 37 (88) 21(91) 16 (84) 0.64
Pre-existing medical condition 0 (0) 0(0) 0(0) -
Poor nutritional statust 13 (32) 9 (41) 4(21) 0.31

Presenting symptoms
Time between onset and admission, days, median (IQR) 14 (7-21) 12 (4-21) 14 (7-21) 0.24
Fever 35 (83) 21 (91) 14 (74) 0.21
Poor appetite 22 (52) 17 (74) 5(26) 0.006
Head, neck or body swellings 21 (50) 4(17) 17 (89) <0.001
Cough 18 (43) 15 (65) 3(16) 0.004
Lethargy or irritability 16 (38) 15 (65) 1(5) <0.001
Chills or rigors 16 (38) 10 (43) 6 (32) 0.64
Vomiting or diarrhea 15 (36) 15 (65) 0(0) <0.001
Shortness of breath 13 (31) 12 (52) 1(5) 0.003
Abdominal pain* 6 (22) 5(38) 1(7) 0.08
URTI symptoms 5(12) 3(13) 2(11) 1.00
Headache* 4 (15) 3(23) 1(7) 0.33

Presenting signs
Tachycardia for age 27 (64) 20 (87) 7 (37) 0.002
Tachypnea for age 25 (60) 20 (87) 5(26) <0.001
Looks unwell 18 (43) 17 (74) 1(5) <0.001
Signs of respiratory distress 16 (38) 15 (65) 1(5) <0.001
Hepatomegaly 15 (36) 14 (61) 1(5) 0.001
Lymph node swelling 13 (31) 3(13) 10 (53) 0.02
Signs of dehydration 12 (29) 11 (48) 1(5) 0.007
Abnormal lung findings 12 (29) 10 (43) 2(11) 0.04
Pallor 11 (26) 9 (39) 2(11) 0.08
Hypoxemia 10 (24) 10 (43) 0 (0) 0.001
Splenomegaly 9 (21) 9 (39) 0 (0) 0.002
Poor perfusion 9 (21) 9 (39) 0(0) 0.002

Investigations®
Hemoglobin, g/dL, median (IQR) 10.6 (9.5-11.6) 10.2 (9.4-11.4) 10.7 (9.7-12.3) 0.43
WBC, X 10° cells/L, median (IQR) 11.8 (8.2-16.5) 9.9 (5.8-12.7) 13.6 (11.4-16.6) 0.03
Neut, X 10° cells/L, median (IQR) 9.4 (5.3-11.6) 8.6 (4.0-14.4) 9.5 (8.5-11.6) 0.42
Lymph, X 10° cells/L, median (IQR) 2.3(1.2-3.8) 1.9 (0.6-2.3) 3.2 (2.4-5.5) 0.005
Platelet count, X 10%L, median (IQR) 386 (243-498) 279 (172-414) 454 (382-612) <0.001
ESR, mm/hr, median (IQR) 70 (50—-100) 79 (51-98) 66 (49-107) 0.69
Sodium, mmol/L, median (IQR) 134 (128-136) 128 (126-134) 136 (135-138) <0.001
Urea, mmol/L, median (IQR) 3.2(2.3-5.2) 4.5(2.8-6.5) 2.7 (2.1-3.3) 0.004
Creatinine, pmol/L, median (IQR) 39 (29-56) 54 (36—-96) 33 (25-40) 0.03
Albumin, g/L, median (IQR) 28 (25-34) 25 (23-28) 37 (29-44) <0.001
AST, U/L, median (IQR) 81 (36-261) 132 (46-359) 25 (19-40) 0.001
ALT, U/L median (IQR) 32 (19-133) 59 (22—-145) 19 (12-52) 0.06

(Continued)
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Table 1. (Continued)

Characteristic

Subsequent findings/ outcome
Bacteremia
Septic shock
Died

Data are No. (%) unless otherwise indicated.

All patients Disseminated disease Localized disease P

20 (48) 20 (87) 0(0) <0.001
13 (31) 13 (57) 0(0) <0.001
10 (24) 10 (43) 0(0) 0.001

1 41 children had nutritional status data available for analysis (disseminated disease, n = 22; localized disease, n = 19).

* 27 children (> 30 months) who could explicitly indicate if they were in pain (disseminated disease, n = 13; localized disease, n = 14).

§ Only investigations done on the day of admission were included: 41 children had Hemoglobin, WBC, Platelet count (disseminated disease, n = 23;
localized disease, n = 18); 27 children had differential counts (disseminated disease, n = 16; localized disease, n = 11); 27 children had ESR (disseminated
disease, n = 14; localized disease, n = 13); 39 children had Sodium, Urea (disseminated disease, n = 22; localized disease, n = 17); 24 children had

Creatinine (disseminated disease, n = 14; local
children had AST, ALT (disseminated disease,

ized disease, n = 10), 24 children had Albumin (disseminated disease, n = 17; localized disease, n =7); 25
n = 18; localized disease, n = 7).

Abbreviations: IQR, interquartile range; WBC, white blood cell count; Neut, neutrophil count; Lymph, lymphocyte count; ESR, erythrocyte sedimentary rate;
AST, aspartate aminotransferase; ALT, alanine aminotransferase.

https://doi.org/10.1371/journal.pntd.0005650.t001

Lymph node infection occurred in 13 (31%) children, and was the commonest presentation
in those with localized disease. Only 1 child with lymph node involvement was bacteremic,
and had fatal disease. Ten children had unilateral cervical node infection, with either a single,
or multiple node enlargement. Only one child had bilateral cervical involvement. The cervical
node infections manifested as painless adenopathy (n = 3), lymphadenitis (n = 4) or lymph
node abscesses (n = 4). Two children had unilateral axillary nodal abscesses; both had histories
suggestive of recent skin or soft tissue infection at the lymphatic drainage area. Notably, only 1
child had melioidosis parotitis.

The spleen was the commonest intra-abdominal organ involved; occult splenic abscesses
were found in 8 (53%) of the 15 children who had abdominal ultrasound examination. These
lesions were invariably multiple, and measured <1lcm. In contrast, liver abscesses were seen
on ultrasound in only 1 (7%) child.

Other common sites of infection were the joints and the eyes. Joints were invariably second-
ary infection sites; 2 (50%) children had multiple septic joints while the remaining 2 had
mono-arthritis. Knee (n = 3) and ankle (n = 2) joints were most commonly affected. Eye
involvement was confined to unilateral lacrimal gland infection, presenting as an inflamed ten-
der swelling at the medial aspect of the lower eyelid (n = 4).

There were 2 cases of neonatal melioidosis, both with bacteremia. The first was an asymp-
tomatic, 2-day old infant who was admitted and investigated for possible early-onset neonatal
sepsis, when his puerperal mother developed fever following his birth. The second case, a
9-day old infant, was admitted for late-onset neonatal sepsis when he presented with fever
without a focus. Detailed history revealed that he was bathed, and his milk bottles washed,
using unchlorinated surface water.

Table 2. Distribution of the 42 culture-confirmed pediatric melioidosis cases according to the number of affected organ sites.

Number of affected organ sites Number of patients % of all cases Number of deaths % who died
0 (bacteremia only) 1 2 0 0

1 28 67 4 14

2 9 21 3 33

3 4 10 3 75

https://doi.org/10.1371/journal.pntd.0005650.t002
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Table 3. Primary and secondary infection sites in 42 cases of culture-confirmed pediatric melioidosis.

Number of patients % of all cases Number of deaths % who died
Primary site
Disseminated disease
Lung 13 31 5 38
No evident focus 7 17 4 57
Lymph node 3 7 33
Total 23 55 10 43
Localized disease
Lymph node 10 24 0 0
Skin/ soft tissue 3 7 0 0
Eye 3 7 0 0
Lung 2 5 0 0
Parotid 1 2 0 0
Total 19 45 0 0
Secondary site
Spleen 8 19 3 38
Lung 6 14 5 83
Joint 4 10 2 50
Braint 2 5 2 100
Muscle 1 2 0 0
Eye 1 2 1 100
Liver 1 2 1 100
Total* 23 (in 15 patients) 36 7 47

1 Both patients were encephalopathic on admission, but had no focal neurological findings. 1 had abnormal cerebrospinal fluid examination, while the other

had no lumbar puncture done but progressed to brain death.
* Some children had more than 1 secondary infection site.

https://doi.org/10.1371/journal.pntd.0005650.t003

Case management. Data on primary care management were available in 29 children,

including 9 of the 10 fatal cases (S1 Fig). Twenty-five (86%) had ambulatory care prior to hos-
pital admission, without the diagnosis of melioidosis being suspected. These children were
mainly diagnosed to have upper respiratory tract infections, viral fevers, non-specific fevers or
neck adenitis. All but one (including the 9 fatal cases) received oral antibiotics; none received
the melioidosis-appropriate antibiotics trimethoprim-sulfamethoxazole, amoxicillin-clavula-
nate or doxycycline.

In hospital, all 10 fatal cases received ventilatory, inotropic and intensive care support; 7
(70%) of whom required intubation within 6 hours of hospital admission. All 10 received
melioidosis-appropriate antibiotics (ceftazidime or a carbapenem); 8 (80%) had treatment ini-
tiated immediately on admission. Deaths occurred within a median of 2 (IQR 1-6) days fol-
lowing admission. Among survivors, fever resolved completely within a median of 4 (IQR
1-8) days after initiation of melioidosis-appropriate antibiotics. All survivors received oral
eradication therapy with a combination of trimethoprim-sulfamethoxazole and amoxicillin-
clavulanate for 20 weeks duration. There were no relapses recorded during the study period.

Only 1 child received gentamicin at any time during the course of the illness. This was the
asymptomatic 2-day old infant (mentioned above), who was given parenteral penicillin and
gentamicin for 2 days before his blood culture results (B. pseudomallei) were known. His anti-
biotics were subsequently switched to ceftazidime.
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Microbiological characteristics

B. pseudomallei was isolated from a single specimen in 39 children, from 2 different specimen
types in 2 children, and from 3 different specimen types in 1 child. Blood was the commonest
source of a positive isolate (n = 20), followed by pus (n = 19), endotracheal aspirates (n = 4),
sputum (n = 2) and pleural fluid (n = 1). No isolates were detected from other non-sterile site
specimens.

B. pseudomallei isolates from 36 patients were tested for gentamicin susceptibility (S1 Fig);
35 (97%) were susceptible to gentamicin (20 by disc diffusion method, 5 by E-test [MIC 0.5-
1.5 pug/ml], and 10 by both methods) (S1 Table). Eleven of these clinical isolates, representative
of the aforementioned varied epidemiological and clinical findings, were available for further
molecular characterization (Table 4). All 11 (100%) isolates were resolved into a single sequence
type, ST881, and possessed the bimAg, variant of bimA, fhaB3, and the YLF gene cluster.

Discussion

This study is the first detailed report of childhood melioidosis in Sarawak, and shows that B.
pseudomallei infections in this region have important epidemiological, clinical and microbio-
logical differences when compared with other melioidosis endemic regions.

The incidence rate of pediatric melioidosis in Central Sarawak (4.1 per 100,000 children),
and in particular Kapit and Tatau districts (20.2 and 15.7 per 100,000 children respectively),
were among the highest observed in any melioidosis endemic region, including the Malaysian
states of Sabah and Pahang (0.64 and 0.68 per 100,000 children respectively) and northern
Australia (5.48 per 100,000 children) [13, 14, 25]. A large study in Cambodia has also recently
reported extremely high pediatric melioidosis incidences (28-35 cases per 100,000 children)
[26]. In fact, the pediatric incidence rates recorded in this Cambodian study, and in the present
one, are comparable to that of adult cases in northern Australia (19.6/ 100,000) and northeast
Thailand (21.3/ 100,000) [27, 28], highlighting the significant and likely unrecognized burden
of melioidosis in children. This underscores an urgent need to better define the global and
regional epidemiology of pediatric melioidosis, as well as strengthen diagnostic capacities.

Table 4. Clinical and microbiological features of 11 patients whose B. pseudomallei isolates were available for molecular characterization.

No. |Age

1 3y 1m

2 2y 2m

3 2y 6m

4 3y 4m

5 11y
im

6 13y
4am

7 11y
10m

8 1y 8m

9 8y 4m

10 |12y
10m

11 | 3y

Date
admitted

Oct 2010
Mar 2011
Mar 2011
Apr 2011
Apr 2011

May 2011
Jun 2011

Jul 2011
Nov 2011
Dec 2011

Dec 2011

District

Kapit
Kapit
Tatau
Kapit
Selangau

Kapit
Kapit

Bintulu
Tatau
Selangau

Kapit

Abbreviations: y, years; m, months

Disseminated Outcome | Source of Susceptible to MLST | Virulence determinants
disease isolate Gentamicin present

No Survived | Pus Yes ST881 | bimAgy, thaB3, YLF
Yes Died Blood Yes ST881 | bimAg, fhaB3, YLF
No Survived | Pus Yes 87881 | bimAg,, fhaB3, YLF
No Survived | Pus Yes S§T881 | bimAg,, fhaB3, YLF
No Survived | Pus Yes 87881 | bimAg,, fhaB3, YLF
Yes Survived | Pus Yes ST881 | bimAgy, thaB3, YLF
No Survived | Pus Yes ST881 | bimAg,, fhaB3, YLF
No Survived | Pus Yes 87881 | bimAg,, fhaB3, YLF
Yes Died Blood Yes ST881 | bimAgy, thaB3, YLF
No Survived | Pus Yes ST881 | bimAg,, fhaB3, YLF
Yes Survived | Blood Yes ST881 | bimAgy, fhaB3, YLF

https://doi.org/10.1371/journal.pntd.0005650.t004
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Despite our findings, we believe the incidence of pediatric melioidosis in Central Sarawak
remains under-estimated. Firstly, bacterial culture, the gold standard for diagnosis, lacks sensi-
tivity [29], and may only be positive after repeated attempts. This is exemplified in Patient 9
(Table 4), who, having had negative admission blood cultures despite a prolonged illness of 14
days, developed septic shock, and succumbed 72 hours later. B. pseudomallei was only isolated
from a repeat blood culture obtained shortly before she died. Second, a culture-confirmed
diagnosis may have been missed in a number of patients in Central Sarawak, as selective media
were not used in the study. B. pseudomallei, a slow growing bacillus, is often rapidly overgrown
by the normal flora when samples from non-sterile sites are cultured using routine bacterial
agar such as blood or MacConkey agar. B. pseudomallei selective media such as Ashdown
media are known to increase the yield of B. pseudomallei from these non-sterile sites. Ashdown
media, however, contains gentamicin, and is unsuitable for use in Central Sarawak. Alternative
selective media, for instance one that utilizes colistin instead of gentamicin, should be consid-
ered, and may further enhance the detection of melioidosis cases in this region.

Another interesting finding was the marked regional variation in incidences, both in Sara-
wak as a whole, and within Central Sarawak. A review of the microbiology laboratory records
of all major public hospitals outside of Central Sarawak revealed only 3 culture-confirmed
pediatric melioidosis cases during the entire study period. In addition, a similar epidemiology
is also seen in the adult population, with high melioidosis incidences confined to Central Sara-
wak (Personal communication, Dr. Jeffery Anak Stephen, Sarawak State Health Department,
1** April 2017). Within Central Sarawak, incidences varied widely between the different dis-
tricts, despite all 3 study centers using similar diagnostic approaches. Indeed, differences in
diagnostics or healthcare seeking behavior are unlikely to explain the apparent ‘hotspots’ in
the adjacent districts of Kapit and Tatau, as children in Kapit district are seen in Kapit Hospi-
tal whereas those in Tatau district are seen in Bintulu Hospital (S2 Table). Thus, we believe
these ‘hotspots’ of higher melioidosis incidence to be real, and not artefactual. Interestingly, a
similar finding of regional ‘hotspots’ was also noted in the recent Cambodian study [26]. The
reasons for these regional variations in incidences remain unknown, but may be related to dif-
ferences in the local environment or in human behavioral activities and living conditions.
However, there are very few differences in the behavioral activities and living conditions pres-
ent throughout Sarawak, possibly indicating the existence of true ecological hotspots in Central
Sarawak. Future environmental studies will be crucial in confirming these hypotheses.

Pediatric melioidosis infections in Sarawak did not appear to be related to rainfall, in con-
trast to the well-established melioidosis epidemiology in other regions [3]. Although more
than half the cases were admitted during the drier months of our study, there was no statisti-
cally significant correlation between the monthly incidence and the average monthly rainfall,
possibly due to the small sample size and short study period. The observed higher number of
cases during the drier months may be related to the various water sources from which rural
households obtain their water supply. In Central Sarawak, the primary water source for rural
households are gravity-fed systems that draw water from higher-elevated streams. During the
dry season, these systems are often disrupted. Households are then forced to seek alternate
water sources, mainly rivers and ponds, for both bathing and drinking. These water sources
and its surrounding environments may be important reservoirs of B. pseudomallei. Similar
environmental reservoirs have been found in relation to pediatric melioidosis infections in
Balimo, Papua New Guinea [30].

Previously published studies have shown that the majority of children with melioidosis
present with localized disease [11, 26]. However, in our study, 55% of children had dissemi-
nated disease. All deaths occurred in this disseminated disease group, with a case fatality rate
of 43%. This pattern has also been noted in other studies. For example, in Cambodia, deaths
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occurred in 72% of bacteremic and in <1% of non-bacteremic children [26]. The overall
mortality rate was 24% in the present study, in comparison to 7-22% in northern Australia,
Thailand and Cambodia [8, 11, 26]. Despite the high mortality seen in Central Sarawak,
melioidosis remains largely neglected when compared with other infectious diseases such as
dengue, receiving little attention from both the local media and health authorities. Of note,
dengue infection, commonly considered the most important infectious disease in Malaysia,
did not cause any deaths in children <15 years in Central Sarawak during the study period
(Personal communication, Dr. Jeffery Anak Stephen, Sarawak State Health Department, 1*
April 2017).

In adults, melioidosis is considered an opportunistic infection; risk factors including diabe-
tes mellitus, renal impairment, hazardous alcohol use and immunosuppression are identified
in as many as 80% of patients [31]. In children, the importance of host risk factors remain
undetermined. None of the children in our study had any apparent predisposing medical con-
ditions, a finding that was also observed in Pahang [13]. Similarly, only 3% of children in the
Cambodian study had significant co-morbidity [26]. In contrast, 41% of children with melioi-
dosis in Sabah (another Malaysian Bornean state), the majority of whom were ethnic Kadazan-
dusuns, had B-thalassemia major, while 31% of children in Kuala Lumpur (in peninsular
Malaysia) had hematological malignancies [14, 32]. Five (12%) children in our study had mod-
erate or severe anemia at presentation (hemoglobin 6.4-7.8 g/dL). Although there were no red
blood cell indices or blood films available, the likelihood that these anemias were due to B-thal-
assemia is low. B-thalassemia major and intermedia have never been reported in the ethnic
Iban population of Sarawak [33]. The ethnic Ibans, who make up the majority of patients in
our study, do not possess the 3-globin gene deletion which is found in 13% of the ethnic Kada-
zandusuns of neighboring Sabah [34]. A limitation of the present study, however, was that
patients were not investigated for o-thalassemia, as well as other occult inherited conditions,
including primary immunodeficiency disorders, which may possibly predispose to melioidosis
[35]. Nearly 1/3 did have poor nutritional status, as did 13% and 48% of children in northern
Australia and Cambodia respectively [8, 26]. Malnutrition may thus be an important risk fac-
tor in pediatric melioidosis, and warrants further investigation.

Pneumonia and undifferentiated fever were the two most important manifestations of dis-
seminated disease in Sarawak. Pneumonia, the commonest manifestation, was found in 83%
of children with disseminated disease. In 1/3 of these children, the lungs had been infected as a
secondary site. Although limited by a small sample size, our analysis indicates a statistical
trend towards a higher risk of death in these children who had lung involvement as a second-
ary site. We postulate that this finding is related to increased disease severity from an extensive
hematogenous dissemination that is occurring when the lungs are involved as a secondary site,
evidenced by the universal presence of bacteremia and bilateral, widespread, alveolar opacities
on the chest radiographs. Undifferentiated fever was the next commonest presentation of dis-
seminated melioidosis. The high fatality rate seen with this presentation may be related to the
more prolonged, untreated, disease observed in these children.

Children with localized melioidosis in Sarawak presented primarily with cervical node
swelling, subcutaneous abscesses or lacrimal gland infections. These presentations highlight
the intriguing regional differences in clinical manifestations of childhood melioidosis. Lacri-
mal gland infection, or dacrocystitis, caused by B. pseudomallei has not previously been
reported. In contrast, cutaneous melioidosis and suppurative parotitis are the predominant
manifestations of localized melioidosis in northern Australia and mainland Southeast Asia
respectively [8, 36]. Further studies are needed to elucidate the reasons for these regional varia-
tions. Ingestion of B. pseudomallei from contaminated unchlorinated water has been suggested
as a cause of parotitis in Southeast Asia [37], and may well underlie the cervical node infections
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seen in Sarawak. Nevertheless, other regional epidemiological and bacterial virulence differ-
ences may also be important.

A delay in seeking medical attention and/or clinical diagnosis was observed in most patients
in the study, and was a major contributing factor to the high fatality rate. These fatalities oc-
curred soon after admission despite intensive care support. In northern Australia, melioidosis
fatalities reduced from 30% to 9% mainly through earlier diagnosis, earlier treatment, and
improved access to intensive care [31]. Thus, in Sarawak, increasing the awareness in the local
community and in primary healthcare providers will also be key to improving outcomes.
Melioidosis must be considered in children who have pneumonia, prolonged fever, cervical
lymph node swelling or septic arthritis. In addition, the empiric antibiotics recommended for
these common pediatric conditions, based on guidelines developed primarily in non-melioi-
dosis endemic regions, may not be appropriate. For example, amoxicillin or benzyl penicillin
is recommended for children with community-acquired pneumonia, while cloxacillin is rec-
ommended for empirical treatment in septic arthritis [38]. As these antibiotics have no activity
against B. pseudomallei, empirical treatment with ceftazidime should instead be considered,
especially in a child with suspected melioidosis and severe sepsis. However, it is also impor-
tant to note that ceftazidime (a broad spectrum third-generation cephalosporin) is a potent
extended-spectrum beta-lactamase inducer [39], and injudicious use as an empirical antibiotic
may lead to the development of antimicrobial resistance problems in hospitals. As such, deter-
mining the regional epidemiology of B. pseudomallei and improving the understanding of the
disease manifestations remain crucial.

Ninety-seven percent (35/36) of B. pseudomallei isolates tested were susceptible to gentami-
cin. We have shown previously that gentamicin-susceptible B. pseudomallei isolates in Central
Sarawak are of ST881, or its single-locus variant ST997 [17]. In the current study, we deter-
mined the presence of 3 putative virulence factors, namely BimA, FhaB3, and the BTFC and
YLF gene clusters [24], to find possible explanations for the distinctive clinical characteristics
observed in Central Sarawak. All B. pseudomallei strains possess BimA, which confers the bac-
teria’s ability to move between eukaryotic cells and evade host immune responses [40]. BimA
consists of two variants, BimAg, and BimAg,,. A study in northern Australia showed that the
bimAg,, variant found in 12% of their isolates was associated with a 14 times higher risk of
neurological melioidosis, while patients infected with the commoner bimAg, were twice as
likely to develop pneumonia [24]. All isolates in the present study were of bimAg, variant. This
is consistent with the rarity of neurological disease in Sarawakian children. FhaB3 is a variably
present anti-macrophage factor that similarly renders B. pseudomallei strains the ability to
evade host immune responses [41]. 83% of Australian isolates possessed fhaB3, with fhaB3 pos-
itive patients twice as likely to be blood culture positive and fhaB3 negative patients more likely
to have localized cutaneous disease [24]. All isolates in the present study possessed fhaB3,
which may explain the high rate of bacteremia and disseminated disease seen in the study and
conversely, the rarity of cutaneous disease. BTFC and YLF gene clusters are mutually exclusive
in the B. pseudomallei genome, with YLF previously shown to be over-represented in clinical
isolates [42]. The YLF cluster is more common in Thailand, while 79% of Australian isolates
possessed the BTFC cluster, although no correlation with any clinical presentation has yet
been found [24]. All isolates in the present study possessed the YLF cluster.

In conclusion, Central Sarawak has a very high incidence of pediatric melioidosis, caused
predominantly by gentamicin-susceptible B. pseudomallei strains. Children frequently pre-
sented with disseminated disease and had an alarmingly high death rate, despite the absence of
any apparent predisposing risk factor. Enhancing awareness and recognition of the protean
manifestations of melioidosis will hopefully lead to better patient care and outcomes.
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