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Abstract: Melioidosis is an endemic infection in Cambodia, a lower middle income SE Asian
country. Despite more laboratories isolating and identifying Burkholderia pseudomallei in recent years,
the infection remains under-recognised and under-diagnosed, particularly in the adult population.
Lack of knowledge about the disease and lack of utilization of microbiology laboratories contributes
to this, along with laboratory capacity issues. Treatment costs often hamper optimal management.
In response to these issues, a national one-health training event was held in October 2017 to raise
awareness of the disease amongst clinical, laboratory, and public health professionals. The meeting
format, findings, and outcomes are described here.
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1. Introduction

Melioidosis, infection by the environmental Gram-negative bacterium Burkholderia pseudomallei,
is an endemic but significantly unrecognized disease in Cambodia, a lower middle income SE
Asian country with a population of ~16 million. It was first diagnosed in Phnom Penh in 1928 in
a Russian national, although he was almost certainly infected in Thailand [1]. Subsequently, pulmonary
melioidosis was described in a resettled refugee who had lived in Thailand for several years before
diagnosis [2], and also a porcine outbreak was identified in the 1960s [3]. However, it was not until
2005, that human melioidosis cases began to be regularly identified in-country, initially in children
following the establishment of a diagnostic microbiology laboratory at Angkor Hospital for Children,
Siem Reap [4]. Since then, significant laboratory capacity building has occurred nationally and several
hundred cases in both children and adults have been described [5–9]. Not unexpectedly, mortality is
higher in adults (more than 50%) than in children [4,6–8]; however, as with adults, children who are
bacteraemic have higher mortality (72%) [8]. Serologic screening using the indirect haemagglutination
assay (IHA) revealed that 16% of tested children from Siem Reap province had evidence of exposure
to B. pseudomallei and the organism was confirmed to be present in rice paddy soil [10].

A recent global mathematical modelling study predicted that in 2015, Cambodia would have
had 2083 (95% credible interval 850–5451) melioidosis cases resulting in 1149 (464–3042) deaths [11].
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Lack of clinician awareness and limited diagnostic microbiology capacity may explain the discrepancy
between the model predictions and the low number of cases confirmed in Cambodia each year.

With aim of improving clinical, laboratory, and public health professional awareness of
melioidosis, a national one-health training event was held in Phnom Penh, 17–19 October 2017.

2. The C-TEAM Meeting

There were more than 180 meeting attendees, representing national, provincial and
non-governmental hospitals, universities and research institutes, as well as government ministries
(Health, Agriculture, Fisheries and Forestry, Environment, Rural Development), international and
non-governmental organizations and partners. Hospitals were asked to prepare a summary of
melioidosis cases and B. pseudomallei isolate numbers prior to the meeting. Where possible, it was
requested that data be stratified by date (year), specimen type, and geo-location (home province). Prior
to presentation every effort was made to verify the accuracy of the data.

The first day featured plenary talks from international clinical and laboratory melioidosis experts,
followed by situation updates from several national, provincial and non-governmental hospitals.
Representatives from six major participating hospitals presented data on their clinical and laboratory
capacity. In particular, melioidosis case numbers, diagnostic procedures, and treatment regimens were
shared. The day concluded with presentations on melioidosis in animals, environmental reservoirs of
B. pseudomallei, prevention and public engagement activities.

The second and third days featured parallel workshop sessions for clinicians and laboratorians.
Cambodian clinicians presented cases to demonstrate the breadth of melioidosis infection, including
pneumonia, sepsis, head and neck abscesses, hepatic, splenic, prostatic abscesses, and bone and
joint infections. Expert speakers provided commentary on the cases and led discussions around
diagnosis and treatment. Particular attention was paid to defining the optimal diagnostic approach
and appropriate treatment choices [12,13]. Sessions on the radiologic features and surgical management
of melioidosis were included. The recently updated national treatment guidelines were presented
and discussed and encouragement was given to participants to collect case data prospectively in the
hope of gaining more knowledge about the local epidemiology. Laboratorians gave local situation
updates and participated in dry and wet laboratory sessions to gain experience of best practices for
safe handling and identification of B. pseudomallei from clinical specimens, as well as determination
and reporting of appropriate antimicrobial susceptibilities. Identification test demonstrations and
hands-on practical sessions included the three-disk test (co-amoxiclav, colistin/polymixin B, and
gentamicin) [14], InBios Active Melioidosis Detect lateral flow assay [15], and Mahidol University
latex agglutination test [16,17]. There was a demonstration of the advantages of Ashdown’s agar
and broth, B. pseudomallei selective media, for culture of non-sterile site specimens such as throat
swabs [18]. Diagnostic Microbiology Development Program (DMDP)-developed standard operating
procedures and job aids were shared with meeting participants. Two training videos were prepared
for the meeting, providing overviews of specimen processing and identification of B. pseudomallei
(the Khmer language version can be found at: https://vimeo.com/237880199).

The meeting concluded with an interactive session for clinicians and laboratorians aimed at
promoting communication and identification of areas where co-operative efforts between clinical and
laboratory teams could be used to improve diagnosis and management patients with melioidosis.

3. Summary of the Current Situation

Since the first national melioidosis conference, held in August 2010, there has been a steady
increase in the number of culture confirmed cases from 173 (isolated and identified from five
microbiology laboratories since October 2005) to 2592 up to September 2017 (from 17 microbiology
laboratories) (Figure 1). Partner organizations, including the DMDP, have worked with the Ministry
of Health Bureau of Medical Laboratory Services to improve laboratory diagnostic capacity over
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this time. Despite the increase, the annual cases remain well below the levels predicted by the
mathematical model.
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public and private, there is as yet no systematic sampling for patients with presumed infections, 
hence very few microbiology investigations are requested by doctors. In addition, in many hospitals 
in Cambodia, some patients are required to pay for services including microbiology testing and 
treatment, which is often cited as a barrier to increasing the number of specimens requested and 
treating the patient with recommended treatment. 

Data on culture-confirmed B. pseudomallei cases are not yet routinely collated at a national level. 
Of data obtainable and presented at the meeting, home province information was only available in 
one third of patients (34%, 889/2592). Despite this, the data confirm that 23 of 25 provinces have had 
culture-confirmed cases, suggesting the infection is endemic throughout the country (Figure 2). As 
soil testing has been limited to one province and no water studies have yet been carried out, it is 
unknown whether there are areas in the country where the infection is more likely to be acquired. 

The month of culture confirmation was available for only one fifth of all cases, but where 
recorded, the majority of cases (71%, 377/528) occurred during the wet season months of May to 
October, which is consistent with other endemic areas. Where documented (19% of all cases; 
481/2592), adults were more likely to have risk factors than children, with the most common being 
diabetes mellitus, hazardous alcohol use and corticosteroids. The majority of adults had presented 
with pneumonia and/or sepsis, whereas children were more likely to have head and neck infections. 
Both of these findings are consistent with other endemic countries; however, one province had a high 
number of head and neck presentations in adults (30% of all presentations), which is unusual in this 
age group. 

The most common B. pseudomallei culture-positive specimen type reported was pus (55%, 
1530/2765 specimens) followed by blood culture (34%, 941/765). Only 73 sputum cultures were 

Figure 1. Annual numbers of confirmed melioidosis cases in Cambodia, October 2005–September 2017
(* incomplete years).

To date, the majority of cases have been children (at least 60% (1565/2592), but age data not
available for all cases), which is in contrast to other countries where children account for 5–15% of
all cases. This is likely due to overrepresentation of cases from three children’s hospitals that have
well-established microbiology laboratories and clinical diagnostic algorithms. In many hospitals, both
public and private, there is as yet no systematic sampling for patients with presumed infections, hence
very few microbiology investigations are requested by doctors. In addition, in many hospitals in
Cambodia, some patients are required to pay for services including microbiology testing and treatment,
which is often cited as a barrier to increasing the number of specimens requested and treating the
patient with recommended treatment.

Data on culture-confirmed B. pseudomallei cases are not yet routinely collated at a national level.
Of data obtainable and presented at the meeting, home province information was only available in
one third of patients (34%, 889/2592). Despite this, the data confirm that 23 of 25 provinces have had
culture-confirmed cases, suggesting the infection is endemic throughout the country (Figure 2). As soil
testing has been limited to one province and no water studies have yet been carried out, it is unknown
whether there are areas in the country where the infection is more likely to be acquired.

The month of culture confirmation was available for only one fifth of all cases, but where recorded,
the majority of cases (71%, 377/528) occurred during the wet season months of May to October,
which is consistent with other endemic areas. Where documented (19% of all cases; 481/2592), adults
were more likely to have risk factors than children, with the most common being diabetes mellitus,
hazardous alcohol use and corticosteroids. The majority of adults had presented with pneumonia
and/or sepsis, whereas children were more likely to have head and neck infections. Both of these
findings are consistent with other endemic countries; however, one province had a high number of
head and neck presentations in adults (30% of all presentations), which is unusual in this age group.
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Figure 2. Geographic distribution of melioidosis cases in Cambodia, October 2005–September 2017.
Province of residence was available in 889 confirmed cases. Shading represents the total number of
culture-confirmed melioidosis cases per province. The numbers represent the count of participating
microbiology laboratories per province; however, one was unable to contribute its culture confirmed
cases prior to the meeting.

The most common B. pseudomallei culture-positive specimen type reported was pus
(55%, 1530/2765 specimens) followed by blood culture (34%, 941/765). Only 73 sputum cultures
were documented, despite pneumonia being a common clinical presentation. Bronchoalveolar
lavage/aspirates were positive in 17 specimens and there were 26 pleural fluid specimens positive
for the bacterium. Commonest diagnostic methods in routine use were the three-disc test
(82%, 14/17 laboratories) and the bioMerieux API 20NE test strip (59%, 10/17 laboratories). One third
(35%, 6/17) of the laboratories reported use of Ashdown selective media, although it is not yet routinely
used or readily available in all of these laboratories. Several laboratories reported routinely releasing
antibiotic susceptibility data on drugs that are not recommended for melioidosis treatment, such as
ceftriaxone, cefuroxime, colistin and fosfomycin. Prior to the meeting, some laboratories were unaware
of the limitations of disc diffusion testing for co-trimoxazole [19].

Treatment choice and length of treatment varied between hospitals, with some using ceftriaxone
during the initial phase, rather than the recommended ceftazidime. Many hospitals reported
they often lack sufficient supplies of ceftazidime and therefore treat patients with inferior drugs
(e.g., co-trimoxazole or ceftriaxone) or with shortened courses of ceftazidime. Carbapenems are not
readily available in almost all hospitals, so rarely prescribed. Eradication phase options sometimes
included co-amoxiclav as first-line treatment, rather than the recommended co-trimoxazole, mostly
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without consideration of amoxicillin:clavulanate ratio. The length of treatment and follow up during
this phase was inconsistent. Outcome data was very incomplete with hospitals often having no
information as patients were lost to follow up, or outcome had not been collated.

4. Outcomes and Future Plans

The major outcome of the meeting was the successful drawing together of a broad range of
Cambodian health professionals to share knowledge and experience of the epidemiology, clinical and
laboratory diagnosis, treatment and prevention of melioidosis. Many of the animal and environmental
sector participants heard for the first time about the importance of this disease and were eager
to learn more. Local data were collated and presented alongside state-of-the-art lectures from
global melioidosis experts. Current challenges in clinical case detection, awareness of risk factors
(e.g., diabetes), laboratory diagnosis, treatment and limited collation of epidemiological data were
highlighted. Updated national diagnosis and treatment guidelines were showcased. Laboratory staff
were made aware of current best practices for safe culture and identification of B. pseudomallei, and
were provided with key standard operating procedures and job aids. The need for reliable surveillance
data was recognised as a priority. It is hoped that the enthusiasm shown by all participants at the
meeting will be translated into a sustained effort to improve clinical diagnosis, laboratory confirmation,
treatment, outcomes and surveillance of melioidosis in Cambodia moving forwards. Further training
workshops, plus development and provision of an information package summarizing the current
situation and outstanding challenges to policy makers, clinicians, laboratory technicians and other
stakeholders, will consolidate the considerable momentum generated at the C-TEAM meeting.

Acknowledgments: This conference and training event was made possible through the generous support of the
Cooperative Biological Engagement Program, Defense Threat Reduction Agency, US Department of Defense, USA.
The authors extend their gratitude to all of the institutions who presented and shared data at the meeting. The
authors and meeting organisers are extremely grateful for the contributions of Stuart Blacksell (Mahidol-Oxford
Tropical Medicine Research Unit, Thailand), Lance Brooks (Cooperative Biological Engagement Program, Defense
Threat Reduction Agency, US Department of Defense, USA), Bart Currie (Menzies School of Health Research,
Royal Darwin Hospital, Australia), David Dance (Lao-Oxford-Mahosot Hospital-Wellcome Trust Research
Unit, Laos), Vicki Krause (Centre for Disease Control, Department of Health, Northern Territory, Australia),
Direk Limmathurotsakul (Mahidol-Oxford Tropical Medicine Research Unit, Thailand), Sau Sokunna (Hospital
Services Department, Ministry of Health, Cambodia), Martha Stokes (Cooperative Biological Engagement
Program, Defense Threat Reduction Agency, US Department of Defense, USA), Pichest Watanapairojrat (Naresuan
University, Thailand), Jitraporn Wongwiwatchai (Khon Kaen University, Thailand), and Vanaporn Wuthiekanun
(Mahidol-Oxford Tropical Medicine Research Unit, Thailand).

Conflicts of Interest: The authors declare no conflict of interest

References

1. Sourchard, L. Contribution a l’étude de la Mélioidose en Indochine. Archive des Instituts Pasteurs d’Indochine
1932, 16, 193–219. (In French)

2. Chan, C.K.; Hyland, R.H.; Leers, W.D.; Hutcheon, M.A.; Chang, D. Pleuropulmonary melioidosis in
a Cambodian refugee. Can. Med. Assoc. J. 1984, 131, 1365–1367. [PubMed]

3. Thonn, S.; Lebon, E.; Saphon Triau, R. Note sure une épizootie de mélioïdose porcine au Cambodge. Rev. Elev.
Med. Vet. Pays. Trop. 1960, 13, 175–179. (In French) [CrossRef]

4. Pagnarith, Y.; Kumar, V.; Thaipadungpanit, J.; Wuthiekanun, V.; Amornchai, P.; Sin, L.; Day, N.P.; Peacock, S.J.
Emergence of pediatric melioidosis in Siem Reap, Cambodia. Am. J. Trop. Med. Hyg. 2010, 82, 1106–1112.
[CrossRef] [PubMed]

5. Overtoom, R.; Khieu, V.; Hem, S.; Cavailler, P.; Te, V.; Chan, S.; Lau, P.; Guillard, B.; Vong, S. A first report
of pulmonary melioidosis in Cambodia. Trans. Roy. Soc. Trop. Med. Hyg. 2008, 102 (Suppl. 1), S21–S25.
[CrossRef]

6. Vlieghe, E.; Kruy, L.; De Smet, B.; Kham, C.; Veng, C.H.; Phe, T.; Koole, O.; Thai, S.; Lynen, L.; Jacobs, J.
Melioidosis, Phnom Penh, Cambodia. Emerg. Infect. Dis. 2011, 17, 1289–1292. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/6498689
http://dx.doi.org/10.19182/remvt.7079
http://dx.doi.org/10.4269/ajtmh.2010.10-0030
http://www.ncbi.nlm.nih.gov/pubmed/20519608
http://dx.doi.org/10.1016/S0035-9203(08)70007-5
http://dx.doi.org/10.3201/eid1707.101069
http://www.ncbi.nlm.nih.gov/pubmed/21762590


Trop. Med. Infect. Dis. 2018, 3, 23 6 of 6

7. Rammaert, B.; Beaute, J.; Borand, L.; Hem, S.; Buchy, P.; Goyet, S.; Overtoom, R.; Angebault, C.; Te, V.;
Try, P.L.; Mayaud, C.; Vong, S.; Guillard, B. Pulmonary melioidosis in Cambodia: a prospective study.
BMC Infect. Dis. 2011, 11. [CrossRef] [PubMed]

8. Turner, P.; Kloprogge, S.; Miliya, T.; Soeng, S.; Tan, P.; Sar, P.; Yos, P.; Moore, C.E.; Wuthiekanun, V.;
Limmathurotsakul, D.; Turner, C.; Day, N.P.J.; Dance, D.A.B. A retrospective analysis of melioidosis in
Cambodian children, 2009–2013. BMC Infect. Dis. 2016, 16. [CrossRef] [PubMed]

9. Schully, K.L.; Berjohn, C.M.; Prouty, A.M.; Fitkariwala, A.; Som, T.; Sieng, D.; Gregory, M.J.; Vaughn, A.;
Kheng, S.; Te, V.; Duplessis, C.A.; Lawler, J.V.; Clark, D.V. Melioidosis in lower provincial Cambodia: A case
series from a prospective study of sepsis in Takeo Province. PLoS Negl. Trop. Dis. 2017, 11, e0005923.
[CrossRef] [PubMed]

10. Wuthiekanun, V.; Pheaktra, N.; Putchhat, H.; Sin, L.; Sen, B.; Kumar, V.; Langla, S.; Peacock, S.J.; Day, N.P.
Burkholderia pseudomallei antibodies in children, Cambodia. Emerg. Infect. Dis. 2008, 14, 301–303. [CrossRef]
[PubMed]

11. Limmathurotsakul, D.; Golding, N.; Dance, D.A.; Messina, J.P.; Pigott, D.M.; Moyes, C.L.; Rolim, D.B.;
Bertherat, E.; Day, N.P.; Peacock, S.J.; Hay, S.I. Predicted global distribution of and burden of melioidosis.
Nat. Microbiol. 2016, 1. [CrossRef] [PubMed]

12. White, N.J. Melioidosis. Lancet 2003, 361, 1715–1722. [CrossRef]
13. Dance, D. Treatment and prophylaxis of melioidosis. Int. J. Antimicrob. Agents 2014, 43, 310–318. [CrossRef]

[PubMed]
14. Trinh, T.T.; Hoang, T.S.; Tran, D.A.; Trinh, V.T.; Gohler, A.; Nguyen, T.T.; Hoang, S.N.; Krumkamp, R.;

Nguyen, L.T.N.; May, J.; et al. A simple laboratory algorithm for diagnosis of melioidosis in
resource-constrained areas: A study from north-central Vietnam. Clin. Microbiol. Infect. 2018, 24. [CrossRef]
[PubMed]

15. Houghton, R.L.; Reed, D.E.; Hubbard, M.A.; Dillon, M.J.; Chen, H.; Currie, B.J.; Mayo, M.; Sarovich, D.S.;
Theobald, V.; Limmathurotsakul, D.; et al. Development of a prototype lateral flow immunoassay (LFI) for
the rapid diagnosis of melioidosis. PLoS Negl. Trop. Dis. 2014, 8. [CrossRef] [PubMed]

16. Anuntagool, N.; Naigowit, P.; Petkanchanapong, V.; Aramsri, P.; Panichakul, T.; Sirisinha, S. Monoclonal
antibody-based rapid identification of Burkholderia pseudomallei in blood culture fluid from patients with
community-acquired septicaemia. J. Med. Microbiol. 2000, 49, 1075–1078. [CrossRef] [PubMed]

17. Amornchai, P.; Chierakul, W.; Wuthiekanun, V.; Mahakhunkijcharoen, Y.; Phetsouvanh, R.; Currie, B.J.;
Newton, P.N.; van Vinh Chau, N.; Wongratanacheewin, S.; Day, N.P.; et al. Accuracy of Burkholderia
pseudomallei identification using the API 20NE system and a latex agglutination test. J. Clin. Microbiol. 2007,
45, 3774–3776. [CrossRef] [PubMed]

18. Wuthiekanun, V.; Dance, D.A.; Wattanagoon, Y.; Supputtamongkol, Y.; Chaowagul, W.; White, N.J. The use
of selective media for the isolation of Pseudomonas pseudomallei in clinical practice. J. Med. Microbiol. 1990, 33,
121–126. [CrossRef] [PubMed]

19. Dance, D.A.; Davong, V.; Soeng, S.; Phetsouvanh, R.; Newton, P.N.; Turner, P. Trimethoprim/sulfamethoxazole
resistance in Burkholderia pseudomallei. Int. J. Antimicrob. Agents 2014, 44, 368–369. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/1471-2334-11-126
http://www.ncbi.nlm.nih.gov/pubmed/21569563
http://dx.doi.org/10.1186/s12879-016-2034-9
http://www.ncbi.nlm.nih.gov/pubmed/27871233
http://dx.doi.org/10.1371/journal.pntd.0005923
http://www.ncbi.nlm.nih.gov/pubmed/28902844
http://dx.doi.org/10.3201/eid1402.070811
http://www.ncbi.nlm.nih.gov/pubmed/18258125
http://dx.doi.org/10.1038/nmicrobiol.2015.8
http://www.ncbi.nlm.nih.gov/pubmed/27571754
http://dx.doi.org/10.1016/S0140-6736(03)13374-0
http://dx.doi.org/10.1016/j.ijantimicag.2014.01.005
http://www.ncbi.nlm.nih.gov/pubmed/24613038
http://dx.doi.org/10.1016/j.cmi.2017.07.029
http://www.ncbi.nlm.nih.gov/pubmed/28780059
http://dx.doi.org/10.1371/journal.pntd.0002727
http://www.ncbi.nlm.nih.gov/pubmed/24651568
http://dx.doi.org/10.1099/0022-1317-49-12-1075
http://www.ncbi.nlm.nih.gov/pubmed/11129718
http://dx.doi.org/10.1128/JCM.00935-07
http://www.ncbi.nlm.nih.gov/pubmed/17804660
http://dx.doi.org/10.1099/00222615-33-2-121
http://www.ncbi.nlm.nih.gov/pubmed/2231678
http://dx.doi.org/10.1016/j.ijantimicag.2014.06.003
http://www.ncbi.nlm.nih.gov/pubmed/25245211
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	The C-TEAM Meeting 
	Summary of the Current Situation 
	Outcomes and Future Plans 
	References

