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Abstract

Melioidosis is an uncommon, opportunistic disease caused by Burkholderia
pseudomallei that lives freely in soil, water, and harsh environments. Trans-
mission occurs from direct exposure of the bacteria to soil or contaminated
water supplies. The case fatality rate (CFR) of Melioidosis is high and in-
creases in children and underdeveloped countries. Unfortunately, the disease
remains understudied around the world. We carried out an extensive litera-
ture review in a systematic approach. A detailed search strategy and PRISMA
chart was used to select the relevant articles from reliable medical databases.
Articles published from 2016 to 2020 that addressed the incidences, case fa-
tality rates and epidemiology of Melioidosis are selected based on selection
criteria. Finally, a total of 34 articles were included in this review. We identi-
fied 15,202 cases of Melioidosis globally from 1913-2018 with a total CFR of
33.9%. We calculated the global incidence of ~2607 per year and a CFR of
~814 (35.4%) per year. There are 80% (n = 2476) of adult cases and 20% (n =
620) of paediatric cases. The total (n = 12,413) male to female ratio of
Melioidosis is 2.21:1. We also found that the male to female ratio of adult
cases (n = 804) is 3.57:1, whereas that of paediatric cases (n = 318) is 1.39:1.
The number of patients found working in the agricultural sector was 36.5%
(n = 1068). We found a higher incidence and a lower total CFR which are
consistent with previously reported studies. We also found that the percent-
age of paediatric cases was higher than in previous studies, and there is a con-
siderable difference in male to female ratio between adult cases and paediatric
cases. This review provides significant evidence to the public health policy
makers to develop an effective preventable intervention to reduce the inci-
dence and case fatality of this neglected tropical disease.
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1. Introduction

Melioidosis, or Whitmore’s disease, is an uncommon infectious disease caused
by Burkholderia pseudomallei, a gram-negative bacterium [1]. Not known to
many, this tropical disease is discovered in 1911 by Alfred Whitmore and his as-
sistant Krishnaswami in modern-day Myanmar [2]. What makes Melioidosis
stands out from other tropical diseases is its high fatality rate, and the bacteria
are naturally resistant to multiple antibiotics [3]. Unfortunately, the disease re-
mains neglected and understudied worldwide; even within the World Health
Organisation (WHO), until the formation of the International Melioidosis Soci-
ety in 2015 [4] [5].

Burkholderia pseudomallei is a member of the large Burkholderia genus with
over 80 formally named species [6]. They are a genus of Gram-negative bacilli
that shares the common characteristics of being aerobic, non-spore-forming and
nonfermenting. Members of the genus are usually motile with a singular or mul-
tiple polar flagella except for Burkholderia mallei, the bacteria responsible for
glanders [7]. Burkholderia pseudomallei is a saprophytic organism previously
known to inhabit both land and water, predominantly in humid soil, rhizosphere,
surface water and groundwater [8]. It was reported that Burkholderia pseudomallei
could survive in nutrient-depleted conditions, such as in distilled water for more
than 16 years and in the desert [5]. Current studies showed that the bacteria
could be detected in unchlorinated water supplies, drinking water, filtered air
and even in contaminated wound irrigation fluid, antiseptics, and hand wash
detergent [9] [10] [11].

Due to the high incidence of Melioidosis, the Southeast Asia region has always
been considered as the origin of Burkholderia pseudomallei. However, a recent
genetic study on Burkholderia pseudomallei discovered that the bacteria origi-
nated from Australia and had migrated into Southeast Asia by one incident
during the latest glacial period [12]. Recent predictive modelling studies had
proposed that the bacteria has now spread and can be found across the tropics of
different continents [5].

Since Burkholderia pseudomallei is a free-living inhabitant found in both soil
and water, the infection could be acquired directly from external environments
[13]. The exposure could occur through recreation or occupation and is usually
by accident [14]. Most of the infection starts from direct exposure to soil or con-

taminated water supplies, with being inoculated directly in pre-existing skin
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abrasions or minor wounds [14]. The increase in ingestion and inhalation of the
bacteria was also noted to be associated heavily with climates such as heavy
rainfall, flooding and cyclones [14] [15]. The pattern of association of Melioido-
sis and heavy rainfall could be observed in the Southeast Asia region due to
monsoon season [16].

Limmathurotsakul et al (2016) estimated an incidence rate of 5.0 per 100,000
people at risk per year for Melioidosis [17]. People of indigenous ethnicity were
more likely to be infected by Burkholderia pseudomallei, with an increase of 10%
prevalence noted [17]. In terms of demography related risk factors, being of the
male gender, age of more than 45 years old, and having agricultural occupation
put a person at risk of acquiring Melioidosis [14] [18] [19].

Melioidosis is considered as an opportunistic infection because of its associa-
tion with risk factors that lower the immune system, such as diabetes mellitus,
which accounts for more than half of all patients diagnosed with Melioidosis
[13] [20] [21]. Patients with diabetes mellitus are 12 times at risk of getting
Melioidosis than those who do not have diabetes mellitus after adjusting other
risk factors, making diabetes the most common predisposing factors of Melioi-
dosis [20] [21]. Besides diabetes, comorbidities including liver disease, chronic
lung disease, chronic kidney disease and thalassaemia also increase the risk of
getting Melioidosis [18] [22] [23]. All of which results in the impairment of the
immune system, making infections highly likely to occur. Excessive alcohol
consumption, prolonged steroid use and immunosuppression due to malig-
nancy, treatment of HIV are known as risk factors for Melioidosis [14] [18] [19].
Interesting to note, more than 80% of children and 20% of adults have no asso-
ciated risk factors [20] [21] [22] [23]. They are exposed to the bacteria in more
significant amounts, such as aspiration of surface water as seen in drowning pa-
tients [24].

The case fatality rate (CFR) of Melioidosis is around 10% - 50% [5]. It was es-
timated that 89,000 people would die from Melioidosis in 2015 [17]. Many
prognostic factors that were proposed to be associated with increasing the CFR
of Melioidosis were studied. Among the factors, being under the age of five in-
creases the chances of die per 1000 live births by ten times [17]. Besides age, CFR
is increased in low- and middle-income countries and decreases in high-income
countries [17]. Recurrence of the Melioidosis was noted to be of 5% - 28%
among patients who survive the infection. The reason for recurrence could be
due to incomplete clearance of the existing infection, or reinfection by the same
bacteria but a different strain [5].

In this review paper, we would like to analyse the incidences, case fatality rates
and epidemiology of Melioidosis between male and female, also between adult
cases and paediatric cases globally with the hope that it will provide significant
evidence to the public health policy makers to develop an effective preventable
intervention to reduce the incidence and case fatality of this neglected tropical

disease.
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2. Methods
2.1. Search Strategy

We conducted a wide-ranging literature search following a very systematic ap-
proach to identify the related studies of Melioidosis, specifically focused on the
incidences, case fatality rates and epidemiology of the disease. Five reliable
medical databases are searched to obtain relevant articles. They are PubMed,
Ovid, EMBASE, Scopus and Web of Science. The search strategy involved the
Medical Subject Heading or free terms/keywords as its synonyms such as
((“Melioidosis” OR “Whitmore’s disease” OR “Burkholderia pseudomallei infec-
tion” OR “Pseudoglanders” OR “Nightcliff gardener’s disease”) AND (“inci-
dence*” OR “incidence rate*”) AND (“mortality” OR “case fatality rate*”) AND
“epidemiology”)) to ensure the complete coverage, so that there will not be any

article miss out during the search.

2.2. Inclusion and Exclusion Criteria

Studies on human subjects were included in this review ie. studies on animal
subjects such as livestock and animal models are left out. We also excluded the
articles related to non-living subjects such as soil properties and water proper-
ties. We included only those articles which were written in English and pub-
lished from 2016 to 2020. We incorporated studies with patients of both genders
into the review. While selecting the articles, we focused on review papers, case
reports and research articles. Book chapters, conference abstracts, editorials,
correspondences, and encyclopaedias are excluded. Journals that are of veteri-
nary, dentistry and agricultural science are omitted as well. Finally, articles with
information that cover incidences, case fatality rates and epidemiology of

Melioidosis from all parts of the world are included.

2.3. Selection of Research Articles

The selection of the articles was carried out using the PRISMA chart, as shown
in Figure 1. The articles were assessed in three stages: at the beginning, filters
are applied through the database system of PubMed, Ovid, EMBASE, Scopus
and Web of Science to ensure that the articles matched the inclusion criteria.
Then, in the first stage, the articles were retrieved to remove the duplicates by
using Endnote software. Next, the articles were screened based on the title and
abstract in the second stage and in the third stage, we moved on to evaluate the
articles based on the full-text articles.

2.4. Data Extraction and Management

Data were extracted by two independent reviewers (JHF and NKJ') by following
a standardized form which includes regions/sub-regions, country where the
study has been conducted, list of authors, data on the time period which is cov-

ered in each individual article, types of articles which are reviewed, source of

IJHEF: Jing Hong Fong; NKJ: Nowrozy Kamar Jahan.
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Figure 1. PRISMA chart used for the selection of articles.

infection of Melioidosis, sample size, age range of the patients including mean
and median age where applicable, gender, case fatality rate in %, and the history
of agricultural work. Later on, both the reviewers compared the extracted data to
come to a general consensus. They invited the 3™ reviewer either CGY or NKP?
to contribute when they failed to make the decision. The articles that are final-

ised by the decisions of the reviewers were then included in the review.

3. Results

We identified a total of 34 articles published between the year 2016-2020 that
fulfils the criteria. The countries in which the data covered is, as shown in Fig-
ure 2. In the figure, countries that reported cases of Melioidosis that are im-
ported are shaded in blue colour, whereas countries that report local cases or lo-
cal cases with imported cases are shaded in red. All data were arranged, as

shown in Tables 1-3. Two articles reported solely imported cases, one from

*CGY: Christina Gertrude Yap; NKP: Naganathan Kathiresan Pillai.
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M Local cases only or mixed
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Figure 2. Map showing the countries covered by the selected articles.

Japan [25] and two from Europe [3] [26]. One article reported aboriginal cases
from Australia [27].

3.1. Incidence

From the 34 articles [23] [25]-[56], we identified a total of 15,202 cases of
Melioidosis around the world from 1913-2018. The incidences vary widely, from
5 cases [38] to 7126 cases [34] (see Table 1). Among the sub-regions, Southeast
Asia reports the most cases at 12,518 cases (82.5% of all cases) [23] [28] [30] [33]
[34] [36] [39] [40] [41] [43] [48] [49] [51] [53] [54] [55] (see Table 2, Figure 3),
with Thailand being the country of most cases at a total of 7690 cases (50.7% of
all cases) [34] (see Table 1). Oceania and East Asia then follow Southeast Asia
with a number of 1066 cases [27] [45] [46] [47] and 994 cases [25] [35] [37] [50]
[56], respectively (see Table 2). The lowest number of reported cases comes
from Kenya, a country in Africa, at 5 cases [38]. Europe follows this with 110
cases [26] and America with 123 cases [29] [42] [44] (see Table 2).

The period of study of each article varies, from the year 1913 to 2018 (see Ta-
ble 1). The number of cases reported by each article was then divided by their
respective number of observational years. The article that reports the most cases
per observation year (1781.5 cases per observation year) is Hantrakun et a/. from
Thailand [34]. After our calculation, it was noted that there is ~2607 incidence

per observation year in the world.

3.2. Case Fatality Rate (CFR)

Data on the case fatality was not reported in four articles [30] [33] [35] [48] (see
Table 1). Among those articles that reported case fatality, CFR was calculated.
The case fatality rate per year is calculated by taking the total number of fatal
cases reported and divide it with the total number of years observed. The calcu-
lated total case fatality rate of the 30 articles was 33.9% (see Table 2). The CFR
of different continents ranges from 8.2% in Europe to 60.0% in Africa. The CFR
calculated from each article also varies, from CFR of 0.00% from China to CFR
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Table 1. List of articles included and details.

Region/ Sample . Case
. X X Source of K Age Agriculture . Ref.
Sub-region/ Author Data Period Types of article . . size fatality
infection Range work no.
Country (n) (%)
Zheng et al. 2002-2016 Surveillance Data Local 396 0-84 118 23.1 [56]
China
Tang et al. 2006-2015 Review Local 7 36-63 3 0.0 [50]
Hong Kong Lui ef al. 1998-2017 Review Local 61 8-100 NA 311 [37]
Taiwan Hsueh et al. 2000-2017 Surveillance Data Local 516 NA (86%) NA [35]
Japan Hadano et al. 1993-2017 Review Imported 14 33-69 NA 14.3 [25]
Brunei Pande et al. 2015-2016 Review Local 115 2-86 NA 27.0 [40]
Turner et al. 2009-2013 Retrospective study Local 173 0.02 - 15.9 NA 15.0 [23]
Cambodia
Suttisunhakul et al. 2011 Serological study Local 163 NA (22.5%) NA [48]
Indonesia Tauran et al. 2012-2017 Review Local 42 0-78 NA 43.0 [51]
Bulterys et al. 1999-2015 Review Local 870 NA 254 NA [30]
Laos
Dance et al. 1999-2017 Review Local 1359 NA NA NA [33]
Yazid et al. 2001-2011 Laboratory database Local 98 0- 60+ 33% 36.0 [55]
Nathan et al. 1975-2015 Review Local 697 0- 60+ NA 41.9 [39]
Malaysia
Tang et al. 2013-2017  Retrospective Study Local 46 0-65 10 52.2 [49]
Hassan et al. 2005-2011 Case-control Local 242 (46.6) 41 41.8 [28]
Myanmar Win et al. 1913-2018 Review Local 298 NA NA 87.9 [54]
Philippine San Martin et al. 1948-2018 Review Local 41 21-82 6 14.6 [43]
Singapore Pang et al. 2003-2014 Surveillance Data Local 614 31-96 NA 18.4 [41]
Jatapai et al. 2009-2013 Serological study Local 564 1-93 NA 14.0 [36]
Thailand
Hantrakun et al. 2012-2015 Retrospective study Local 7126 0-100 NA 39.0 [34]
Vietnam Trinh et al. 2015 Laboratory database Local 70 1-90 43 25.7 [53]
Bangladesh Chowdhury et al. 1961-2017 Review Local 51 8-90 14 27.0 [31]
India Tipre et al. 1953-2016 Review Local 85 0-71 14 27.0 [52]
Sri Lanka Corea et al. 2006-2017 Review Local 250 2-92 44 20.4 [32]
Stephens et al. 1989-2013  Melioidosis database Local 810 50* NA 12.2 [46]
Smith et al. 1998-2017 Review Local 10 0-14 NA 50.0 [45]
Australia
Stewart et al. 1998-2016 Review Local 197 0-92 NA 15.0 [47]
Hempenstall ef al. 1997-2017 Review Aboriginal 49 44.9* NA 8.0 [27]
Europe Le Tohic et al. 2000-2018 Review Imported 77 29-63 6 6.0 [26]
Netherlands Birnie et al. 2003-2018 Registry data Imported 33 21-83 NA 12.0 [70]
Panama Arauz et al. 2007-2017 Review Local 12 29-72 2 41.7 [29]
Mexico,
Central . . ;
. Sanchez-Villamil et al.  1945-2017 Review Local 63 4-88 NA [44]
America, and
the Caribbean
South America Rolim et al. 1962-2017 Review Local 48 3-100 NA 47.9 [42]
Kenya Muthumbi et al. 2002-2014 Review Local 5 0-68 NA 60.0 [38]

NA: Not available; *: Median age.

DOI: 10.4236/0alib.1107537 7 Open Access Library Journal


https://doi.org/10.4236/oalib.1107537

J.H. Fongetal.

Table 2. Epidemiological data based on continents.

Region/ . Age Agriculture Case
. References Data Period n R
Sub-region Range workers fatality (%)
East Asia [25] [35] [37] [50] [56] 1993-2017 Mixed 994 0-100 565 (48.6%) 11.3%
(23] [28] [30] [33] [34] [36]
South-east
Asia [39] [40] [41] [43] [48] [49] 1913-2018 Local 12,518 0 - 100 423 (28%) 37.3%
[51] [53] [54] [55]

South Asia (31] [32] [52] 1953-2017 Local 386 0-92 72 (18.7%) 22.8%
Oceania [27] [45] [46] [47] 1989-2017 Local 1066 0-92 NA 12.9%
Europe [26] 2000-2018 Imported 110 29-63 6 8.2%
America [29] [42] [44] 1945-2017 Local 123 3-100 2 (16.7%) 46.7%
Africa [38] 2002-2014 Local 5 0-68 NA 60.0%

World total [23] [25]-[56] 1913-2018 Mixed 15,202 0-100 1068 (36.5%) 33.9%

of 87.9% from Myanmar (see Table 1). After completing our calculation, it was
noted that there is minimum ~814 case fatality per observation year to maxi-
mum ~2299 incidence per observation year. The case fatality rate per observa-

tion year is 35.4%.

3.3. Age and Male to Female Ratio

Only two articles, Turner et al [23] and Smith et al [45], investigated Melioido-
sis in children as they included the age ranges from 0 year to 100 years. Defini-
tion of a paediatric case varies from less than 15 years old to less than 21 years
old. Calculation on the difference of percentage between adult cases and children
cases was also done. Articles that do not include detailed data on adult cases or
paediatric cases were excluded from the calculation. Out of 3096 calculated
cases, the number of adult cases made up 80% of the total (n = 2476), and paedi-
atric cases (n = 620) was 20.0% (see Table 3).

Calculations on male to female ratio were made as well. Articles that do not
have the details information on gender are excluded from the calculation. Of
12,413 adults and paediatric cases identified, there are 8549 males (68.9%) and
3864 females (31.1%), with a male to female ratio of 2.21:1. Of 804 adult cases
identified, there are 628 males (78.1%) and 176 females (21.9%), with a male to
female ratio of 3.57:1. Out of 318 paediatric cases identified, 58.2% (n = 185)
were males and 41.8 % (n = 133) were females. The male to female ratio is 1.39:1.
The highest number of male to female ratio calculated is 14:0 (14 males and no
females) from China [25] in which all patients reported are adults. The lowest
number of male to female ratio calculated is 1.34:1 from Cambodia [23], in

which all patients reported are children (see Table 3).

3.4. Occupation

Calculations on the number of cases with agricultural work as an occupation

were completed. Articles that do not have the details of occupation are excluded
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Table 3. Epidemiological data of melioidosis between adult and children.

Total Adult Children
n M F Ratio n M F Ratio n M F Ratio
[56] 289 245 44 5.57:1
[50] 7 7 0 7.00:0 7 7 0 7.00:0 0 0 0
[25] 14 14 0 14.00:0 14 14 0 14.00:0 0 0 0
[23] 173 9 74 1.34:1 173 99 74 1.34:1
[48] 42 32 10 3.20:1 27 22 5 4.40:1 15 10 5 2.00:1
[55] 697 522 175 2.98:1 599 463 136 3.40:1 98 59 39 1.51:1
[49] 242 185 57 3.25:1
[54] 41 35 6 5.83:1 41 35 6 5.83:1 0 0 0
[43] 614 516 98 5.27:1
[36] 7126 4839 2287 2.12:1
[53] 51 41 10 4.10:1
[32] 810 523 287 1.82:1
[46] 10 6 4 1.50:1 10 6 4 1.50:1
[45] 197 147 50 2.94:1
[47] 49 34 15 2.27:1
[26] 12 9 3 3.00:1 12 9 3 3.00:1 0 0 0
[70] 33 23 10 2.30:1 33 23 10 2.30:1 0 0 0
[29] 40 24 16 1.50:1 32 20 12 1.67:1 8 4 4 1.00:1
[44] 48 39 9 4.33:1 37 34 3 11.33:1 11 5 6 0.83:1
[42] 5 3 2 1.50:1 2 1 1 1.00:1 3 2 1 2.00:1
TOTAL 10,500 7343 3157 2.33:1 804 628 176 3.57:1 318 185 133 1.39:1
10,500 7343 3147 2.33:1 804 318
[40] 115 84 31 2.71:1 111 4
[51] 870 513 357 1.44:1 625 245
[33] 86 68 18 3.78:1 81 5
[34] 70 47 23 2.04:1 66 4
[39] 46 35 11 3.18:1 41 5
[41] 564 338 226 1.50:1 542 22
[31] 85 65 20 3.25:1 74 11
[27] 77 56 21 2.67:1 74 3
TOTAL 12,413 8549 3864 2.21:1 2418 617
12,413 2418 617
[37] 61 58 3
TOTAL 12,474 2476 80.0% 620 20.0%

Note: n = sample size; M = male and F = female.
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Figure 3. Pie chart on the number of incidence of Melioidosis across continents.

from the calculation. Of 2926 cases identified, the number of patients working in
the agricultural sector was 36.5% (n = 1068) (Table 2). Among different conti-
nents, the highest percentage of agriculture workers was found in East Asia at
48.6%, followed by South-east Asia by 28%. Of all agriculture workers, the agri-
culture workers from Asia spans a percentage of 99.3%. There was no data in

this regard from Oceania and Africa.

4. Discussion

4.1. Incidence

This review provides an update on the incidences, case fatality rates and epide-
miology of Melioidosis around the world. As global awareness towards Melioi-
dosis increases after 2015, many evidences were published in all efforts, review-
ing, and updating the number of Melioidosis cases happened in different coun-
tries. Comparing our review data with the data shared by Perumal Samy et al
[3], the number of incidences has found to be higher in at least 16 countries and
in the continent of Europe and South America (see Table 4). The only excep-
tions are in India with an incidence of 85 as compared to 95 recorded in 2017
and Vietnam with an incidence of 300 as compared to 70 recorded in 2017 [3].
This increase in the number had proven that Melioidosis was underdiagnosed
before.

It could remain underdiagnosed as Melioidosis is listed as a notifiable disease
in only a few countries/regions such as Thailand [34], Singapore [57], Taiwan
[35] and Australia [58]. Data from the Laos Democratic Republic, in which it
was previously absent, was also reported; this could be justified by the increasing
recognition and awareness of Melioidosis in the country after the establishment
of Lao-Oxford-Mahosot Hospital-Wellcome Trust Research Unit (LOMWRU).
LOMWRU had supported the improvement of diagnostic tests such as reagents
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Table 4. Our study outcome in comparison to Perumal et al. (2017) [3].

Count Count Count
oun RPNy [3] 2020 oun v 07 (3] 2020 oun RUPYSY. [3] 2020
Region Region Region
Myanmar 100 298 Taiwan 40 516 Japan 1 14
Malaysia 406 1083 Cambodia 5 336  Philippines 1 41
Singapore 372 614  Hong Kong 6 61 Sri Lanka 1-3 250
Mexico and
. Southern 8 per
Thailand 800 7690 K 403 Central 3 75
China year R
America
. South
Vietnam 300 70 Bangladesh 5 51 . 5 48
America
Australia 252 1066 India 95 85 Kenya 0 5
Brunei 45 115 Indonesia 4 42 Europe 39-55 110

Countries included in 2017 but not in 2020: Guam, Pakistan, Papua New Guinea, Iran, Madagascar,
Niger, South Africa, United States of America, Egypt, South Korea, Turkey, Saudi Arabia, United
Arab Emirates, Cote d’Ivoire, Uganda

Countries included in 2020 but not in 2017: Laos

and selective culture media [33]. The support is given by Centre d’Infectiologie
Christophe Mérieux du Laos (CICML) in 2009 in staff training; also the Euro-
pean Union provided €3,000,000 support for the development of diagnostic ca-
pacity to help in diagnosis and reporting of Melioidosis cases [33].

Our findings are consistent with the predicted data of Limmathurotsakul ef al.
in 2016. It was estimated that in 2015, there would be a global burden of 165,000
cases at an incidence rate of 5.0 per 100,000 people being at risk per year [17]. As
per our calculation, there will be ~2614 incidence per observation year globally,
which is lower than the predicted value. The reason could be as because Melioi-
dosis is still being underdiagnosed and underreported in most of the countries.
The predicted incidence estimated for Indonesia, Bangladesh and India was
~20,000, ~16,900 and ~52,500 cases per year, respectively [17]. Our data has
shown to be lower than predicted, at 7.00, 0.89 and 1.32 cases per year, respec-
tively.

Limmathurotsakul et al. (2016) mentioned that the United States of America
and Japan have areas that favour the growth of Burkholderia pseudomallei, but
no cases of Melioidosis were yet reported. Our findings reveal that there are re-
cently reported cases in Japan but not in the United States of America. However,
there are still no local cases reported from Japan as most of the cases reported

recent travel history to South-east Asia [25].

4.2. Case Fatality Rate (CFR)

The case fatality rate of Melioidosis was reported as 10% - 50% [5] [14]. Based
on our calculation, it was noted that the total case fatality rate of the 29 articles
was 31.5%. We calculated the minimum ~814 cases per year to maximum ~2298
cases per year which are fatal at the percentage of 35.4; this also falls within the

range of 10% - 50%. As per our calculation, lower 22.4% were apparent relative
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to the estimated result of 89,000 (53.9%) by Limmathurotsakul et al (2016). It
was also predicted that the number of case fatality for high-income countries like
Australia, Brunei and Singapore would be less than 1% of total deaths, whereas
more than 99% would come from low- to middle-income countries [17]. How-
ever, that is not the actual case as our result showed that the calculated CFR per
year for Australia, Brunei and Singapore combined is 37.98% of total deaths. It
could be due to the impact of underreporting from other countries as compared
to Australia, Brunei, and Singapore.

It was known that diabetes is a significant comorbidity of Melioidosis. There-
fore, the decrease in case fatality of people with Melioidosis was proposed due to
the use of Glibenclamide, a diabetic drug. Being one of the established comor-
bidities of Melioidosis, treating patients with Melioidosis was often associated
with treating their diabetes mellitus as well [5] [59]. Another reason of decrease
in case fatality rate was reported by Fong et al [18]. Among thalassaemic pa-
tients with comorbidity of Melioidosis, the introduction of iron chelation ther-
apy and early diagnosis of Melioidosis helped in lowering the case fatality rate
significantly [18].

The lowest CFR was found from Europe at 8.2%. Lower prevalence of comor-
bidities like diabetes and occurrence of bacteraemia could play a role in the low
CFR rate from Europe [26]. On the other end of the spectrum is Africa at 60.0%
of CFR, almost eight times to that of Europe [38]. Other than factors of comor-
bidity and healthcare facilities, the reason for high CFR could be due to under-
reporting as the whole continent is represented by the data from only Kenya
[38].

The zero-fatality rate was found in China and this could be due to the inten-
sive therapy of antibiotics given and frequent follow-ups. Moreover, all of the
patients received insulin therapy, and surgical drainage was performed on those
who needed [50]. The country with the highest reported CFR is Myanmar at
87.9%. The condition is attributed to the lack of awareness among healthcare
providers, incomplete utilisation of facilities and lack of resources. The absence
of experienced microbiologist as well as a standard treatment guideline could be

the reason as well [54].

4.3. Age of the Respondents

The age range from 0 to 100 years old indicated that Melioidosis is not an
age-specific disease as all the age groups can be affected. Of 3096 cases calcu-
lated, the number of adult cases are 2476, at 80.0% of total cases, whereas the
number of paediatric cases is 620, at 20.0% (Table 3). Compared with the pre-
vious studies conducted in Australia and Thailand with 5% - 10% of patients of
<15 years of age, our calculation found a higher percentage of paediatric cases of
20.0% [20] [22] [60]. The incidence of Melioidosis among children of Laos and
Cambodia is also 3-fold higher compared to that of adults because of the asso-
ciation with high humidity in Laos and Cambodia [30].
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Paediatric cases have a higher tendency to be underreported. In seven out of
34 articles, we did not find any information of paediatric cases which includes
incidences, gender, and case fatality [32] [36] [43] [45] [47] [49] [53] [56]. Pre-
vious reports showed that Melioidosis is more common in adults than in chil-
dren [61], which are consistent with our review findings. Reporting of paediatric
cases as a separate entity is important. This is because most of the paediatric
cases can develop an acute pulmonary infection which then followed by multiple
abscesses [3]. This may cause them more likely to be highly associated with sep-
ticaemia and thus, higher case fatality rates [39]. Paediatric cases of Melioidosis
are generally not associated with comorbidities, especially those that occurred
mostly in adults like type 2 diabetes mellitus [22].

Besides that, they do not present themselves as a classic case of Melioidosis
because symptomatic Melioidosis is uncommon in children [62]. Various factors
controlled the occurrence and types of symptoms in children, such as types of
transmission and host susceptibility [61]. The factors mentioned above causes
the typical presentation of paediatric Melioidosis; these may be varying signifi-
cantly across different geographic locations as a contrast to the adult presenta-
tion. For example, most paediatric Melioidosis reported in Darwin, Australia
had an inoculation event and was usually associated with cutaneous presentation
and soft tissue infection [22] [61] [63].

On the other hand, paediatric Melioidosis in South-east Asia was highly asso-
ciated with acute suppurative parotitis and liver abscesses because the transmis-
sion route of Melioidosis is likely through ingestion [23] [61] [63] [64] [65]. The
exception to that is Malaysia, where parotid infections are rare and only docu-
mented in 3% of children as compared to >25% of children reported in Cambo-
dia and Thailand [23] [39] [66]. Moreover, the likelihood of bacteraemia is
noted to be higher in South-east Asia than in Australia [22].

Thirdly, poor adherence to treatment and follow up is higher in children. The
rate of completion of eradication treatment was only 13.7% in hospital-discharged
children [23]. Poor adherence of paediatric cases to follow-up was reported in
India [67]. However, more studies should be performed to understand the dif-
ference in adherence between children and adults. Lastly, paediatric cases have a

lower association with gender compared to adult cases.

4.4. Male to Female Ratio and Occupation of the Respondents

A systematic review done by Birnie et al (2019) estimated that the incidence,
mortality, and disability-adjusted life year (DALY) of Melioidosis is two times
higher in men than in women [68]. Our findings are also consistent with re-
ported data. We have calculated a male to female ratio of 2.21:1 in which males
have a percentage of 68.9% in 12,380 cases. There is a huge difference in male to
female ratio between adult cases and paediatric cases, with a male to female ratio
of 3.57:1 and 1.39:1, respectively. The difference in incidence between male and

female was explained by many factors. This includes differences in genetics, risk

DOI: 10.4236/0alib.1107537

13 Open Access Library Journal


https://doi.org/10.4236/oalib.1107537

J.H. Fongetal.

factors, occupational preferences and exposure, access to health care [5] [14]
[68]. The differences in occupational exposures apply to paediatric cases as well,
as they have not had any occupation. Hence their differences in male to female
ratio are lower.

In terms of the association of occupational exposures towards Melioidosis,
workers from the agricultural sector are identified from each article. Of 2926
cases identified, the number of patients working in the agricultural sector is 1068
(36.5%). The high cases of agriculture workers were found in Asia, specifically in
East Asia; this could be due to the cultural habit of consuming rice. Previous re-
sults only showed that Melioidosis cases from South-east Asia are highly associ-
ated with paddy field workers [14] [69]. Our review findings also have proven
that Melioidosis occurred in East Asia and South Asia, and were highly associ-
ated with rice farming too. This could be due to the similar cultures that as peo-
ple in South-east Asia shared with people in East Asia and South Asia. The im-
plication of the results could be applied in choosing target groups for prevention

and control of Melioidosis.

5. Conclusion

Melioidosis is still considered as a neglected tropical disease. In order to reduce
its burden, both at the regional and global levels, significant amount of evidences
needs to be generated either through conducting review or original research
both at the community and health facility levels. This may help to improve the
prevention, diagnosis and management, which in turn also contributes to reduce
the under-reporting. We hope that this review finding will also provide signifi-
cant evidence to the public health policy makers to develop an effective pre-
ventable intervention to reduce the incidence and case fatality of this neglected

tropical disease globally.
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