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Abstract: Melioidosis, although endemic in many parts of Southeast Asia, has not been systematically
studied in Hong Kong, which is a predominantly urban area located in the subtropics. This review
describes the early outbreaks of melioidosis in captive animals in Hong Kong in the 1970s, as well as
the early reports of human clinical cases in the 1980s. A review of all hospitalized human cases of
culture-confirmed melioidosis in the last twenty years showed an increasing trend in the incidence of
the disease, with significant mortality observed. The lack of awareness of this disease among local
physicians, the delay in laboratory diagnosis and the lack of epidemiological surveillance are among
the greatest challenges of managing melioidosis in the territory.
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1. Introduction

Melioidosis is an emerging infectious disease caused by Burkholderia pseudomallei that causes
significant morbidity and mortality [1]. Melioidosis was first described in Southeast Asia in the early
1910s [2]. Since then, melioidosis has been well recognized to be highly endemic in northern Australia
and many parts of Asia, with the highest prevalence observed in Southeast and South Asia [3,4].
It is being increasingly reported in previously non-endemic regions [4].

Melioidosis is endemic in regions located at tropical latitudes between 20° N and 20° S [1].
However, there is an increasing bulk of evidence of this disease in territories with no previous
documentation of melioidosis, as well as an expansion of the geographical areas with a significant
burden of the disease outside the tropics, including Southern China [5,6] and Taiwan [7]. Hong Kong
is also considered to be situated in an endemic region with high environmental suitability for
B. pseudomallei [3,4].
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Despite its high fatality rate, melioidosis is often a neglected disease. It has been estimated that
the disease was regularly under-reported in many countries [4]. B. pseudomallei is a natural saprophyte,
thus human cases of melioidosis were frequently associated with exposure to soil and contaminated
waters in rural areas [8]. Epidemiological studies from urbanized cities like Hong Kong were therefore
rarely performed. Melioidosis is currently not a statutorily notifiable disease in Hong Kong, and this
disease has never been systematically studied in Hong Kong. Therefore, the local burden of illness is
currently largely unknown.

This review aims to provide an overview of melioidosis in Hong Kong. In the first part,
the history of melioidosis in humans and animals and evidence of B. pseudomallei in the environment,
as reported in the literature, is reviewed. In the second part, a review of all clinical cases of
culture-confirmed melioidosis managed in public hospitals in Hong Kong in the past 20 years
is presented. This is followed by results of a survey performed among local infectious diseases
physicians and microbiologists on the local practice of diagnosis and management of melioidosis.
Lastly, challenges in the control and clinical management of this disease are discussed.

2. History of Melioidosis in Hong Kong: Presence in Animals, Humans and the Environment

The earliest record of B. pseudomallei in Hong Kong came from isolates obtained from bottlenose
dolphins and a harbor seal kept in an oceanarium in 1975 and 1976 [9]. This outbreak at the oceanarium
caused 24 dolphins to succumb to this illness [10]. Subsequently, B. pseudomallei was isolated from
other dolphins and numerous other captive sea mammals, including sea lions and pilot whales, as well
as birds in a nearby aviary, including zebra doves and scarlet macaws, from 1978 to 2000 [9,11].

A clinical review was performed to evaluate all the melioidosis cases in animals kept at the
oceanarium in the period from 1974 to 2003. A total of 49, 31, 16 and 5 cases of melioidosis were
recorded in cetaceans, pinnipeds, birds and terrestrial mammals during this period, respectively.
All but four succumbed to the disease. Melioidosis caused 55% and 50% of all known causes of deaths
in cetaceans and pinnipeds, respectively, during this period [12].

An experimental acellular B. pseudomallei vaccine that was tested to be safe and effective in
hamsters was given to false killer whales and bottlenose dolphins in the oceanarium from 1986 to 1987.
The vaccine produced a high level of specific antibodies in these cetaceans, and was able to reduce
mortality in the cetaceans from 45% in 1983 to less than 1% in 1988 [13].

The first human case of melioidosis in Hong Kong was reported in 1983 [14], followed shortly by
another five cases reported in 1984 [10]. All these patients were immunocompromised, with either
diabetes or had been receiving immunosuppressive therapy for autoimmune diseases. All patients
had bacteremia with or without pulmonary involvement. None of them had reported travelling
to other endemic areas. Mortality was high, and the majority of them did not receive adequate
anti-microbial therapy.

The first serological study was published in 1984, in which 22 elderly patients admitted to a
general medical unit of a teaching hospital were screened for hemagglutinating antibodies against
lipopolysaccharide antigens of B. pseudomallei. 23% of patients in this small cohort had evidence of
possible subclinical infection [10,15]. This was followed by another serological survey published in
1987 involving 275 patients with underlying tuberculosis or chronic pulmonary diseases. This study
showed that 14% of subjects had serological evidence of exposure to B. pseudomallei. Among those with
positive antibodies against B. pseudomallei, 77% of subjects had not traveled to other endemic areas [15].
This finding, together with the first few human cases described above, produced the earliest evidence
that melioidosis was also endemic in Hong Kong, and that human exposure to the bacterium was not
at all rare.

Subsequent to those early case reports, eight more human cases of culture-confirmed
melioidosis were published from 1987 to 2015 (Table 1). Most of these patients had underlying
immunocompromised conditions, including diabetes and hematological malignancies with prolonged
neutropenia. One 40-year-old man, with concomitant miliary tuberculosis, was found to have X-linked
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chronic granulomatous disease. Most patients had bacteremia, pulmonary infection or deep organ
abscess. One 82-year-old man developed a mycotic aneurysm in the aortic arch. Such clinical
presentation had been reported rarely elsewhere [16]. All of these subsequently reported cases received
either intravenous ceftazidime or carbapenem as induction therapy. Three out of these eight patients
died due to melioidosis.

There was also a case series published in 2010, describing five patients with autoantibodies
against interferon-y with positive IgG or IgM antibodies against B. pseudomallei. All these patients
had concomitant non-tuberculous mycobacteriosis, penicilliosis and /or non-typhoidal salmonellosis.
None of these patients had a positive culture of B. pseudomallei [17].

As in neighboring regions located at similar latitudes, where B. pseudomallei had been isolated
from the soil [7,18], the bacterium was also isolated from the environment in soil samples in Hong
Kong as early as the 1970s [9]. These early reports showed that B. pseudomallei was isolated in soil
samples taken from sea sludge, farms and a children’s playground [10]. In 2000, multiple soil and
water samples from an aviary were also found to harbor the bacterium [9]. More recently, among
1400 soil samples collected from the oceanarium in Hong Kong, over a 15-month period, 6.8% of the
samples were positive for B. pseudomallei by PCR [19].

An epidemiological study, using multilocus sequence typing, on isolates obtained from captive
animals and the environment from 1975 to 2000 in Hong Kong, showed that there were two major
clusters involving three serotypes. All of these serotypes had been identified in human cases of
melioidosis from Hong Kong [9]. The seasonality of melioidosis cases among the captive animals also
correlated with the timing of detection of B. pseudomallei in soil samples [14]. Such epidemiological
data suggested that humans, as in the case of animals, acquired the same strains of B. pseudomallei from
direct exposure to soil and water [9].

3. Review of Culture-Confirmed Melioidosis Cases in Humans in the Past 20 Years

To determine the burden of illness caused by melioidosis in Hong Kong, a retrospective review
of all patients admitted to all public hospitals in Hong Kong with B. pseudomallei isolated from one
or more clinical specimens during the period from 1998 to 2017, was conducted. In Hong Kong,
public hospitals under the Hospital Authority of Hong Kong provide more than 80% of in-patient
services to the population in the territory [20]. All patients with one or more clinical specimens with
B. pseudomallei isolated were identified from the Clinical Data Analysis and Reporting System (CDARS),
which is a central computerized database of the Hospital Authority, including patients” demographic
characteristics, diagnoses, laboratory data and drug treatment.

A total of 61 culture-confirmed cases of melioidosis was identified during this 20-year period.
A progressive increase in the number of cases was observed over this period (Figure 1). 72.1% of the
subjects were male, and the median age was 67 (range 8-100, interquartile range 58-83). Only three
pediatric cases, with an age between 8 and 17 years, were identified. 60.7% of them had bacteremia,
42.6% had a pulmonary infection, 23.0% had deep organ abscesses (most common being prostate,
kidneys, spleen and liver), 11.5% had skin and soft tissue infection and 6.5% had bone and joint
infection. A relapse of melioidosis was observed in two patients within 12 months of the initial episode.
The overall case fatality rate was 31.1%. Mortality was associated with the presence of bacteremia only
(odds ratio 5.14, 95% confidence interval 1.26-21.07, p = 0.023).
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Table 1. Published reports of culture-confirmed human cases of melioidosis.

40f9

Author Gender/Age Underlying Diseases Site of Involvement Treatment Outcome
Sridhar 2015 [21] Male/55 Acute myeloid leukemla.wﬁh Bacteremia and Ceftazidime Died
prolonged neutropenia pulmonary
Sridhar 2015 [21] Male/57 Follicular lymphoma Wlth prolonged  Bacteremia, bursitis and Meropenem, followed by ceftazidime Died
neutropenia pulmonary
Mvcotic aneurvsm and Ceftazidime for 3 weeks, followed by
Li 2015 [22] Male/82 Coronary artery disease Y Y amoxicillin-clavulanate and doxycycline Survived
pneumonia
for 3 months
X-linked chronic granulomatous
Lee 2013 [23] Male/40 disease and concomitant miliary Not available Not available Survived
tuberculosis
Woo 2003 [24] Female /84 Diabetes and bronchiectasis Bacteremia and Ceﬁaz.l(.m.ne for 2 weeks, followed by Survived
pulmonary amoxicillin-clavulanate for 20 weeks
Imipenem for 2 weeks, followed by
. . ciprofloxacin for 7 months, then .
Tsang 2001 [25] Male/51 (Nepalese) Diabetes Empyema thoracis switched to amoxicillin-clavulanate due Survived
to resistance to ciprofloxacin
Abscesses in prostate,
Que 1991 [26] Male/53 Nil kidneys, liver, spleen and Not available Died
lungs
Woo 1987 [27] Male Nil Bacterengﬁsacr;:lsprostatlc Trimethoprim-sulfamethoxazole Survived
So 1984 [10] Female /77 Diabetes Bacterer:}l)z;;ler;j splenic Penicillin, gentamicin and metronidazole Died
So0 1984 [10] Male/62 Diabetes Bacteremia Chloramphenicol and tetracycline Survived
So 1984 [10] Male/72 Diabetes Bacteremia and Amikacin Died
pulmonary
S0 1984 [10] Female/81 Diabetes Bacteremia and Ampicillin Died
pulmonary
S0 1984 [10] Male/32 On steroid for pemphigus vulgaris Bacteremia and Anti-tuberculous drugs Died
pulmonary
So 1983 [14] Female/32 Systemic lupus erythematosus, on Pulmonary Ceftazidime for 2 months Survived

steroid and azathioprine
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Figure 1. The number of culture-confirmed human cases of melioidosis over a 20-year period.

This series of human cases together with earlier case reports published in the 1980s strongly
suggested that melioidosis is endemic in Hong Kong. The saprophytic nature of B. pseudomallei has
been well recognized since the 1950s [1]. As such, occupational and recreational exposure to soil and
contaminated water surfaces, e.g., those working in farms and rice paddies, and those with ingestion
or inhalation of food and water contaminated with soil, were consistently described as risk factors for
acquiring melioidosis [1,28]. Therefore, not surprisingly, large cohorts of human cases of melioidosis
were most commonly reported from rural parts of countries and regions, where primary industry is
common [29,30]. Lower incidence of melioidosis was observed in higher-income countries possibly
due to lower exposure rates [4]. However, our review and other studies of melioidosis performed
in urban cities [31] serve as a good reminder that melioidosis, though less prevalent, should not be
neglected in these cities, due to the high mortality and rising incidence. In urbanized areas, working in
construction sites, military forces and recreational exposure to soil and contaminated waters have been
described as risk factors for acquiring the infection [1,32,33].

We observed a rising trend of culture-confirmed cases over the last 20 years in Hong Kong.
An increase in the incidence of human cases of melioidosis has also been reported in Asia in
the past decade [4]. For example, Hainan witnessed an increasing trend of annual incidence of
melioidosis, with most cases residing in Sanya and Haikou cities [6]. There are several postulations
accounting for the rising trend observed in Hong Kong. Improved case detection with better
microbiological diagnostic tools is a possibility. Weather changes, through their impacts on
environmental contamination, have been shown to cause clustering of human cases of melioidosis [34].
In Hong Kong, the detection rate of B. pseudomallei from soil was shown to have significant positive
correlation with ambient temperature and relative humidity [19]. Therefore, the significant warming
trend and more frequent extreme precipitation events since the 20th century, as reported by the Hong
Kong Observatory, could possibly increase human exposure to the bacterium from the environment.
The expanding scope of international traveling was proposed to be a source of the importation of cases
and the emergence of melioidosis in developed countries as well [4]. Human cases of melioidosis
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from Hong Kong and other Southeast Asian countries have been shown to share the same serotype [9],
supporting the possibility that the disease could be acquired during travel. Lastly, our patients were
older than those in other cohorts [29,30], and melioidosis is well recognized to recrudesce after a
prolonged period of time [35]. Most of the patients described in the published case reports from Hong
Kong had a wide spectrum of underlying immunocompromised conditions (Table 1). Therefore, aging
and the increase in immunocompromised diseases and therapies could have contributed to the increase
in the incidence of melioidosis by reactivation of the disease after acquisition earlier in life [21,24].

Distinct from the experience in some other Asian countries [36,37], pediatric infections were rare
in our cohort. On the other hand, the spectrum of disease involvement observed in our cohort was
similar to those described in other studies [35], with bacteremia, pulmonary infection, deep organ
abscesses and genitourinary infection being the most common. Bacteremia was present in 61% of
cases, and was the major predictor for mortality. The recurrence rate in our cohort was similar to
that described previously [35]. Although standard antimicrobial therapy was given to the majority of
patients, case fatality rate was still high at 31%. The case fatality rates observed in other developed
countries were 14-18% [30,31]. The higher case fatality rate in our cohort could partly be due to the
older age of our patients, as compared to most other studies [6,31,38].

4. Current Practice of Management of Melioidosis in Hong Kong

An online survey was performed among local infectious disease physicians and microbiologists
from May to July 2018 to evaluate the contemporary local practice in diagnosis and management of
melioidosis. The survey was sent to 44 infectious disease physicians and microbiologists, of whom 28
(64%) responded to the survey. They had a median of eight years (interquartile range 3-13) of experience
as a specialist. The majority of the respondents (57.1%) had managed 1-2 culture-confirmed cases of
melioidosis in the past, while 32.2% had seen three or more cases, and 10.7% had never seen a case.

For laboratory diagnosis, 67.9% of the respondents had access to matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) as one of the usual methods
of identification of B. pseudomallei, while 46.4% and 42.9% regarded biochemical and phenotypic testing
and Vitek as the usual methods of identification respectively. 25.0% regarded 16S rRNA sequencing
as one of the usual methods of identification. The majority (71.4%) did not find serology to be useful
in diagnosing melioidosis, mainly due to the perceived low specificity of the assay. 19.2% of the
respondents, however, did believe serology would increase case detection, especially in patients who
had negative cultures after antibiotics treatment, and those with compatible epidemiological exposure.

All respondents would prescribe either ceftazidime or meropenem for at least two weeks for the
initial treatment of melioidosis. 82.1% of them would choose trimethoprim-sulfamethoxazole, and the
remainder amoxicillin-clavulanate, for at least three to six months, as an eradication therapy.

The majority of respondents regarded the lack of awareness among clinicians as the greatest
challenge in the management of melioidosis in Hong Kong. The relatively small number of cases
in Hong Kong limited the experience and expertise for this disease entity. The low level of clinical
suspicion would cause a delay in diagnosis. Respondents were also concerned with the currently
available diagnostic tools, and problems of misidentification of B. pseudomallei as other Burkholderia or
Pseudomonas species. In terms of treatment, the greatest challenge was ensuring adherence and the
management of adverse reactions secondary to prolonged courses of antibiotics.

5. Challenges in the Control and Management of Melioidosis

It is uncertain whether melioidosis is being under-diagnosed in Hong Kong. A recent study
estimated that Hong Kong would expect to see 67 new cases of melioidosis annually [4]. This estimation
was much higher than the number of cases observed in our review for the last two decades. As reflected
in our local survey, under-diagnosis could be due to the low level of clinical suspicion among clinicians.
The diagnosis of melioidosis can be difficult in clinical cases, as B. pseudomallei might not be readily
isolated from clinical specimens [39], or misidentified as other Burkholderia species by certain automated
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systems [40]. Cases diagnosed to be pulmonary tuberculosis or other bacterial cases of pneumonia in
Hong Kong have also been suspected to be melioidosis [6,10,15]. Moreover, we have only included
culture-confirmed cases in our review; culture-negative cases confirmed only by serological evidence
of infection were not included in the analysis. Since we have observed an increasing number of cases
over the last 20 years, continual surveillance of this disease in the territory should be implemented.

Improvements in the laboratory diagnosis of melioidosis are urgently needed. Molecular
techniques, involving 16S rRNA or groEL gene sequencing, would be useful for identification,
in particular, to differentiate B. pseudomallei from other closely related Burkholderia species, including
B. thailandensis [24,41]. As observed in our survey, MALDI-TOF MS is being increasingly used in
Hong Kong microbiology laboratories. This technique has recently been shown to be an accurate
method for the identification of B. pseudomallei [42]. Preliminary data also showed that profiling
metabolites from various lipid classes is a potential biomarker for the diagnosis of melioidosis [39].

The case fatality rate observed in Hong Kong was higher than that observed in other high-income
countries. As indicated by the results of our survey, the relatively low number of cases detected in Hong
Kong led to a low level of clinical suspicion and possibly a delay in diagnosis. Empirical treatment of
melioidosis, for example, is seldom initiated for patients with community-acquired pneumonia in Hong
Kong. Awareness of this disease should be raised, and the diagnosis should be particularly considered
in patients with compatible clinical manifestations and associated epidemiological risk factors.

The growing number of cases of melioidosis could partially be explained by the aging population
and the increase in immunocompromising diseases and therapies. Currently, there is no local guideline
in the prevention and management of the disease in patients at high risk of complications and mortality
from melioidosis. Recommendations have been issued for the workup of melioidosis in seropositive
patients initiating immunosuppressive therapy and symptomatic seropositive immunocompromised
patients [36]. Routine serological testing of antibodies against B. pseudomallei is currently not performed
in immunocompromised patients in Hong Kong. The only published local seroprevalence surveys
were done in the 1980s. A study should, therefore, be considered to evaluate the current seroprevalence
rate of melioidosis in Hong Kong, and to determine whether routine screening is necessary for
immunocompromised patients in Hong Kong.

6. Conclusions

Melioidosis is endemic in the urban city of Hong Kong. Although the observed incidence was
lower than in other neighboring countries and regions, there was an increasing number of cases in the
last 20 years. Surveillance of the disease should be considered, and more effort should be in place to
raise clinicians” awareness of the disease.

Author Contributions: Conceptualization, G.L. and .LEN.H.; Methodology, G.L., A.T.,, EYK.T., AKLW,].Z,
W.L., WM.T, and M.C.C.; Formal Analysis, G.L.; Data Curation, G.L.; Writing-Original Draft Preparation, G.L.;
Writing-Review & Editing, E. YK.T., AKLW, J.Z, KW.C,, WL, M.C.C,, and LEN.H.; Supervision, KW.C., W.L.,
and L.EN.H.

Funding: There is no funding source for this study.

Acknowledgments: We would like to thank all the Infectious Disease physicians and microbiologists who have
participated in the survey.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cheng, A.C; Currie, B.J. Melioidosis: Epidemiology, pathophysiology, and management. Clin. Microbiol. Rev.
2005, 18, 383-416. [CrossRef] [PubMed]

2. Whitmore, A. An account of a glanders-like disease occurring in Rangoon. Epidemiol. Infect. 1913, 13, 1-34.
[CrossRef]

3.  Currie, BJ.; Dance, D.A.; Cheng, A.C. The global distribution of Burkholderia pseudomallei and melioidosis:
An update. Trans. R. Soc. Trop. Med. Hyg. 2008, 102, S1-S4. [CrossRef]


http://dx.doi.org/10.1128/CMR.18.2.383-416.2005
http://www.ncbi.nlm.nih.gov/pubmed/15831829
http://dx.doi.org/10.1017/S0022172400005234
http://dx.doi.org/10.1016/S0035-9203(08)70002-6

Trop. Med. Infect. Dis. 2018, 3, 91 80f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

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.; et al. Predicted global distribution of Burkholderia pseudomallei and
burden of melioidosis. Nat. Microbiol. 2016, 1, 15008. [CrossRef] [PubMed]

Dance, D.A. Melioidosis: The tip of the iceberg? Clin. Microbiol. Rev. 1991, 4, 52—60. [CrossRef] [PubMed]
Fang, Y.; Chen, H.; Li, Y.L.; Li, Q.; Ye, Z.].; Mao, X.H. Melioidosis in Hainan, China: A retrospective study.
Trans. R. Soc. Trop. Med. Hyg. 2015, 109, 636-642. [CrossRef] [PubMed]

Su, H.P; Yang, HW.; Chen, Y.L.; Ferng, T.L.; Chou, Y.L.; Chung, T.C.; Chen, C.H.; Chiang, C.S.; Kuan, M.M,;
Lin, H.H.; et al. Prevalence of melioidosis in the Er-Ren River basin, Taiwan: Implications for transmission.
J. Clin. Microbiol. 2007, 45, 2599-2603. [CrossRef] [PubMed]

Suputtamongkol, Y.; Chaowagul, W.; Chetchotisakd, P.; Lertpatanasuwun, N.; Intaranongpai, S.;
Ruchutrakool, T.; Budhsarawong, D.; Mootsikapun, P.; Wuthiekanun, V.; Teerawatasook, N.; et al. Risk
factors for melioidosis and bacteremic melioidosis. Clin. Infect. Dis. 1999, 29, 408-413. [CrossRef] [PubMed]
Godoy, D.; Randle, G.; Simpson, A.]J.; Aanensen, D.M.; Pitt, T.L.; Kinoshita, R.; Spratt, B.G. Multilocus
sequence typing and evolutionary relationships among the causative agents of melioidosis and glanders,
Burkholderia pseudomallei and Burkholderia mallei. ]. Clin. Microbiol. 2003, 41, 2068-2079. [CrossRef] [PubMed]
So,S.Y.; Chau, PY;; Leung, Y.K.; Lam, W.K. First report of septicaemic melioidosis in Hong Kong. Trans. R.
Soc. Trop. Med. Hyg. 1984, 78, 456-459. [CrossRef]

Liong, E.; Vedros, N.A.; Hammond, J.K. Pseudomonas pseudomallei infection in a dolphin (Tursiops gilli): A case
report. Aquat. Mamm. 1985, 1, 20-22.

Kinoshita, R.E. Epidemiology of melioidosis in an oceanarium: A clinical, environmental and molecular
study. Master’s Thesis, University of Hong Kong, Hong Kong, China, 2003.

Vedros, N.A.; Chow, D.; Liong, E. Experimental vaccine against Pseudomonas pseudomallei infections in captive
cetaceans. Dis. Aquat. Org. 1988, 5, 157-161. [CrossRef]

So, S.Y,; Chau, PY,; Leung, Y.K.; Lam, WK,; Yu, D.Y. Successful treatment of melioidosis caused by a
multiresistant strain in an immunocompromised host with third generation cephalosporins. Am. Rev.
Respir. Dis. 1983, 127, 650-654. [CrossRef] [PubMed]

S0, S.Y,; Chau, PY.; Aquinas, M.; Gabriel, M.; Lam, W.K. Melioidosis: A serological survey in a tuberculosis
sanatorium in Hong Kong. Trans. R. Soc. Trop. Med. Hyg. 1987, 81, 1017-1019. [CrossRef]

Rao,].; Kaushal, A.S.; Hoong, C.K. Abdominal aortic pseudoaneurysm secondary to melioidosis. Asian . Surg.
2009, 32, 64-69. [CrossRef]

Tang, B.S.; Chan, ].F,; Chen, M.,; Tsang, O.T.; Mok, M.Y,; Lai, RW.,; Lee, R;; Que, T,; Tse, H.; Li, LW.; et al.
Disseminated penicilliosis, recurrent bacteremic nontyphoidal salmonellosis, and burkholderiosis associated
with acquired immunodeficiency due to autoantibody against gamma interferon. Clin. Vaccine Immunol.
2010, 17, 1132-1138. [CrossRef] [PubMed]

Ma, G.; Zheng, D.; Cai, Q.; Yuan, Z. Prevalence of Burkholderia pseudomallei in Guangxi, China. Epidemiol. Infect.
2010, 138, 37-39. [CrossRef] [PubMed]

Lau, S.K.; Chan, S.Y.; Curreem, S.O.; Hui, S.W.; Lau, C.C.; Lee, P.; Ho, C.C.; Martelli, P.; Woo, P.C. Burkholderia
pseudomallei in soil samples from an oceanarium in Hong Kong detected using a sensitive PCR Assay:.
Emerg. Microbes Infect. 2014, 3, e69. [CrossRef] [PubMed]

Kong, X.; Yang, Y.; Gao, J.; Guan, J.; Liu, Y.; Wang, R.; Xing, B.; Li, Y.N.; Ma, W.B. Overview of the health
care system in Hong Kong and its referential significance to mainland China. J. Chin. Med. Assoc. 2015, 78,
569-573. [CrossRef] [PubMed]

Sridhar, S.; Teng, J.L.; Lau, S.K.; Woo, P.C. Fatal bacteremic melioidosis in patients with prolonged
neutropenia. Diagn. Microbiol. Infect. Dis. 2016, 84, 258-260. [CrossRef] [PubMed]

Li, PH.; Chau, C.H.; Wong, P.C. Melioidosis Mycotic aneurysm: An uncommon complication of an
uncommon disease. Respir. Med. Case Rep. 2015, 14, 43-46. [CrossRef] [PubMed]

Lee, P.P; Lau, Y.L. Endemic infections in Southeast Asia provide new insights to the phenotypic spectrum of
primary immunodeficiency disorders. Asian Pac. ]. Allergy Immunol. 2013, 31, 217-226. [PubMed]

Woo, P.C,; Lau, S.K.; Woo, G.K,; Fung, AM.; Ngan, A.H.; Hui, W.T.; Yuen, K.Y. Seronegative bacteremic
melioidosis caused by Burkholderia pseudomallei with ambiguous biochemical profile: Clinical importance of
accurate identification by 16S rRNA gene and GroEL gene sequencing. J. Clin. Microbiol. 2003, 41, 3973-3977.
[CrossRef] [PubMed]


http://dx.doi.org/10.1038/nmicrobiol.2015.8
http://www.ncbi.nlm.nih.gov/pubmed/27571754
http://dx.doi.org/10.1128/CMR.4.1.52
http://www.ncbi.nlm.nih.gov/pubmed/2004347
http://dx.doi.org/10.1093/trstmh/trv065
http://www.ncbi.nlm.nih.gov/pubmed/26276499
http://dx.doi.org/10.1128/JCM.00228-07
http://www.ncbi.nlm.nih.gov/pubmed/17596372
http://dx.doi.org/10.1086/520223
http://www.ncbi.nlm.nih.gov/pubmed/10476750
http://dx.doi.org/10.1128/JCM.41.5.2068-2079.2003
http://www.ncbi.nlm.nih.gov/pubmed/12734250
http://dx.doi.org/10.1016/0035-9203(84)90060-9
http://dx.doi.org/10.3354/dao005157
http://dx.doi.org/10.1164/arrd.1983.127.5.650
http://www.ncbi.nlm.nih.gov/pubmed/6342484
http://dx.doi.org/10.1016/0035-9203(87)90384-1
http://dx.doi.org/10.1016/S1015-9584(09)60012-9
http://dx.doi.org/10.1128/CVI.00053-10
http://www.ncbi.nlm.nih.gov/pubmed/20445006
http://dx.doi.org/10.1017/S0950268809990264
http://www.ncbi.nlm.nih.gov/pubmed/19538822
http://dx.doi.org/10.1038/emi.2014.69
http://www.ncbi.nlm.nih.gov/pubmed/26038496
http://dx.doi.org/10.1016/j.jcma.2015.02.006
http://www.ncbi.nlm.nih.gov/pubmed/26144022
http://dx.doi.org/10.1016/j.diagmicrobio.2015.11.004
http://www.ncbi.nlm.nih.gov/pubmed/26712267
http://dx.doi.org/10.1016/j.rmcr.2014.12.005
http://www.ncbi.nlm.nih.gov/pubmed/26029577
http://www.ncbi.nlm.nih.gov/pubmed/24053704
http://dx.doi.org/10.1128/JCM.41.8.3973-3977.2003
http://www.ncbi.nlm.nih.gov/pubmed/12904433

Trop. Med. Infect. Dis. 2018, 3, 91 90f9

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Tsang, T.Y.; Lai, S.T. A case of thoracic empyema due to suppurative melioidosis. Hong Kong Med. ]. 2001, 7,
201-204. [PubMed]

Que, T.L.; Chan, Y.E; Lam, S.Y. Acute disseminated melioidosis presenting as acute retention of urine.
Br. J. Urol. 1991, 67, 556-557. [CrossRef] [PubMed]

Woo, M.L.; Chan, PS.; French, G.L. A case of melioidosis presenting with prostatic abscess in Hong Kong.
J. Urol. 1987, 137, 120-121. [CrossRef]

Limmathurotsakul, D.; Kanoksil, M.; Wuthiekanun, V.; Kitphati, R.; deStavola, B.; Day, N.P.; Peacock, S.J.
Activities of Daily Living Associated with Acquisition of Melioidosis in Northeast Thailand: A matched
case-control study. PLoS Negl. Trop. Dis. 2013, 7, €2072. [CrossRef] [PubMed]

Limmathurotsakul, D.; Wongratanacheewin, S.; Teerawattanasook, N.; Wongsuvan, G.; Chaisuksant, S.;
Chetchotisakd, P.; Chaowagul, W.; Day, N.P,; Peacock, S.J. Increasing incidence of human melioidosis in
northeast Thailand. Am. J. Trop. Med. Hyg. 2010, 82, 1113-1117. [CrossRef] [PubMed]

Currie, B.J.; Ward, L.; Cheng, A.C. The epidemiology and clinical spectrum of melioidosis: 540 cases from
the 20-year Darwin prospective study. PLoS Negl. Trop. Dis. 2010, 4, €900. [CrossRef] [PubMed]

Pang, L.; Harris, PN.A; Seiler, R.L.; Ooi, PL.; Cutter, J.; Goh, K.T.; Cook, A.R,; Fisher, D.; Ann Chai, L.Y.
Melioidosis, Singapore, 2003-2014. Emerg. Infect. Dis. 2018, 24. [CrossRef] [PubMed]

Heng, B.H.; Goh, K.T.; Yap, E.H.; Loh, H.; Yeo, M. Epidemiological surveillance of melioidosis in Singapore.
Ann. Acad. Med. Singap. 1998, 27, 478-484. [PubMed]

Lim, M.K,; Tan, E.H.; Soh, C.S.; Chang, T.L. Burkholderia pseudomallei infection in the Singapore Armed Forces
from 1987 to 1994—An epidemiological review. Ann. Acad. Med. Singap. 1997, 26, 13-17. [PubMed]

Cheng, A.C.; Jacups, S.P; Gal, D.; Mayo, M.; Currie, B.J. Extreme weather events and environmental
contamination are associated with case-clusters of melioidosis in the Northern Territory of Australia.
Int. ]. Epidemiol. 2006, 35, 323-329. [CrossRef] [PubMed]

Ngauy, V.; Lemeshev, Y.; Sadkowski, L.; Crawford, G. Cutaneous melioidosis in a man who was taken as
a prisoner of war by the Japanese during World War II. J. Clin. Microbiol. 2005, 43, 970-972. [CrossRef]
[PubMed]

Wiersinga, W.J.; Currie, B.J.; Peacock, S.J. Melioidosis. N. Engl. |. Med. 2012, 367, 1035-1044. [CrossRef]
[PubMed]

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. |. Trop. Med. Hyg. 2010, 82, 1106-1112.
[CrossRef] [PubMed]

Currie, B.J.; Fisher, D.A.; Howard, D.M.; Burrow, ].N.; Lo, D.; Selva-Nayagam, S.; Anstey, N.M.; Huffam, S.E.;
Snelling, P.L.; Marks, PJ.; et al. Endemic melioidosis in tropical northern Australia: A 10-year prospective
study and review of the literature. Clin. Infect. Dis. 2000, 31, 981-986. [CrossRef] [PubMed]

Lau, S.K.; Lam, C.W.,; Curreem, S.O.; Lee, K.C.; Chow, W.N.; Lau, C.C,; Sridhar, S.; Wong, S.C.; Martelli, P;
Hui, S.W.; et al. Metabolomic profiling of Burkholderia pseudomallei Using UHPLC-ESI-Q-TOF-MS reveals
specific biomarkers including 4-methyl-5-thiazoleethanol and unique thiamine degradation pathway.
Cell Biosci. 2015, 5, 26. [CrossRef] [PubMed]

Lowe, P.; Engler, C.; Norton, R. Comparison of automated and nonautomated systems for identification of
Burkholderia pseudomallei. ]. Clin. Microbiol. 2002, 40, 4625-4627. [CrossRef] [PubMed]

Woo, P.C.; Woo, GK,; Lau, S.K.; Wong, S.S.; Yuen, K. Single gene target bacterial identification. GroEL
gene sequencing for discriminating clinical isolates of Burkholderia pseudomallei and Burkholderia thailandensis.
Diagn. Microbiol. Infect. Dis. 2002, 44, 143-149. [CrossRef]

Suttisunhakul, V.; Pumpuang, A.; Ekchariyawat, P.; Wuthiekanun, V.; Elrod, M.G.; Turner, P.; Currie, B.J.;
Phetsouvanh, R.; Dance, D.A.; Limmathurotsakul, D.; et al. Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry for the identification of Burkholderia pseudomallei from Asia and Australia
and differentiation between Burkholderia species. PLoS ONE 2017, 12, e0175294. [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://www.ncbi.nlm.nih.gov/pubmed/11514758
http://dx.doi.org/10.1111/j.1464-410X.1991.tb15212.x
http://www.ncbi.nlm.nih.gov/pubmed/2039934
http://dx.doi.org/10.1016/S0022-5347(17)43897-3
http://dx.doi.org/10.1371/journal.pntd.0002072
http://www.ncbi.nlm.nih.gov/pubmed/23437412
http://dx.doi.org/10.4269/ajtmh.2010.10-0038
http://www.ncbi.nlm.nih.gov/pubmed/20519609
http://dx.doi.org/10.1371/journal.pntd.0000900
http://www.ncbi.nlm.nih.gov/pubmed/21152057
http://dx.doi.org/10.3201/eid2401.161449
http://www.ncbi.nlm.nih.gov/pubmed/29260679
http://www.ncbi.nlm.nih.gov/pubmed/9791650
http://www.ncbi.nlm.nih.gov/pubmed/9140571
http://dx.doi.org/10.1093/ije/dyi271
http://www.ncbi.nlm.nih.gov/pubmed/16326823
http://dx.doi.org/10.1128/JCM.43.2.970-972.2005
http://www.ncbi.nlm.nih.gov/pubmed/15695721
http://dx.doi.org/10.1056/NEJMra1204699
http://www.ncbi.nlm.nih.gov/pubmed/22970946
http://dx.doi.org/10.4269/ajtmh.2010.10-0030
http://www.ncbi.nlm.nih.gov/pubmed/20519608
http://dx.doi.org/10.1086/318116
http://www.ncbi.nlm.nih.gov/pubmed/11049780
http://dx.doi.org/10.1186/s13578-015-0018-x
http://www.ncbi.nlm.nih.gov/pubmed/26097677
http://dx.doi.org/10.1128/JCM.40.12.4625-4627.2002
http://www.ncbi.nlm.nih.gov/pubmed/12454163
http://dx.doi.org/10.1016/S0732-8893(02)00439-X
http://dx.doi.org/10.1371/journal.pone.0175294
http://www.ncbi.nlm.nih.gov/pubmed/28384252
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	History of Melioidosis in Hong Kong: Presence in Animals, Humans and the Environment 
	Review of Culture-Confirmed Melioidosis Cases in Humans in the Past 20 Years 
	Current Practice of Management of Melioidosis in Hong Kong 
	Challenges in the Control and Management of Melioidosis 
	Conclusions 
	References

