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Summary

Background—Melioidosis, caused by the environmental bacterium Burkholderia pseudomallei,
is an often-fatal infectious disease with a high prevalence across tropical areas. Clinical
presentation can vary from abscess formation to pneumonia and septicaemia. We assessed the
global burden of melioidosis, expressed in disability-adjusted life years (DALYSs), for the year
2015.
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Methods—A systematic review of the peer-reviewed literature for human melioidosis cases
between 1990 and 2015 was performed. Using a broad search strategy, no language restrictions
and combinations of search terms, Burkholderia spp. and disease names, all relevant articles were
screened on title, abstract, and full text. Quantitative data from cases including mortality, age, sex,
infectious and post-infectious sequelae, antibiotic treatment and symptom duration were extracted.
This information was then combined with established disability weights and expert panel
discussions to construct an incidence-based disease model. The disease model was integrated with
established global incidence and mortality estimates to calculate global melioidosis DALYSs.

Findings—2 888 articles were screened, of which 475 eligible studies containing quantitative
information were retained. Sepsis/septic shock and pneumonia were the most common outcomes,
occurring in 18.0% (1526/8469), 12.1% (1004/8298) and 35.7% (3633/10175) of patients
respectively. The male to female ratio of infection was 2:1. We estimate that in 2015, the global
burden of melioidosis was 4-6 million DALYs (Ul 3-:2-6-6) or 84-3 per 100 000 people (Ul
57.5-120.0). Years of life lost (YLL) accounted for 98:9% (Ul 97-7-99:5) of the total DALYS.

Interpretation—Our estimates enable comparison with other tropical diseases which are already
recognised as neglected and give policy makers the information necessary to reconsider
melioidosis as a major neglected tropical disease.
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Research Grant 2018; AMC PhD Scholarship; The Netherlands Organisation for Scientific
Research (NWO); H2020 Marie Sktodowska-Curie Innovative Training Network (MC-1TN)
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Introduction

Burkholderia pseudomalleiis the environmental Gram-negative bacillus that causes
melioidosis; a disease characterized by sepsis, abscess formation and significant case-fatality
(10-50%) even when appropriately treated.1=3 First recognised in 1911,3 melioidosis
primarily affects individuals with altered immune function and those in regular contact with
soil and ground water. Southeast Asia and northern-Australia are the major endemic regions,
although melioidosis appears to be ubiquitous across the tropics.* Diagnosis can be difficult
due to its diverse clinical manifestations and the inadequacy of conventional bacterial
identification methods.> Additionally, a large proportion of cases may be missed due to
paucity of diagnostic facilities.5” A recent modelling study that mapped documented human
and animal cases as well as the presence of environmental B. pseudomallei estimated the
global incidence to be 165 000 (68 000-412 000) human melioidosis cases per year
worldwide, of which 89 000 (36 000-227 000) people die,* most of whom are in low to
middle-income countries (LMIC). Despite this, melioidosis is currently not included in the
neglected tropical diseases (NTDs) listed by the World Health Organization (WHO).3
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The disparity between the number of reported cases and estimated number of actual cases
stems from under-recognition and under-reporting of melioidosis.* Symptomatic melioidosis
infections are usually acute, but the broad range of clinical manifestations, from localised
skin lesions to septic shock, hinders recogition.8 Chronic melioidosis, defined as symptoms
that last longer than two months, is present in approximately 11% of cases.? Unlike the
incidence of some NTD,? the reported incidence of melioidosis is increasing, partly due to
increasing awareness amongst physicians and researchers and the expansion of diagnostic
services, although there may also be genuine increases in incidence.1® Melioidosis often
results in intensive care admission and requires prolonged antibiotic therapy (up to 6
months),3 which also makes the treatment and consequences of this disease costly.

A metric that can be used to summarise morbidity, disability and mortality into a single
index is the disability-adjusted life year (DALY). The DALY provides additional information
to incidence/prevalence and mortality data, allowing for comparison of disease burden
across populations and diseases.1? DALY of some NTDs have been estimated previously,
which showed the relative importance of these diseases compared to other causes of ill
health, although this has never been done for melioidosis.?

The aim of our study was to quantify for the first time the global burden of melioidosis in
terms of DALYs. By combining the modelled estimates of the global incidence and mortality
of melioidosis* with a systematic review of the published literature on its clinical impact, we
calculated the global DALY for melioidosis for the year 2015 by age, sex and country. In
addition, we examined the relationship between melioidosis burden and the Socio-
demographic Index (SDI),12 a composite indicator based on income, education, and fertility.
Furthermore, we analysed the relationship between Healthcare Access and Quality (HAQ)
Index,13 a score developed by the Global Burden of Disease (GBD) studies, which can be
used as a robust method for tracking universal health access. By further elaborating the
proportion of cases presenting with known risk factors (i.e., diabetes, chronic liver disease or
alcohol abuse, chronic renal failure, and chronic lung disease), we provide crucial input into
melioidosis control policies. Our estimation of the global burden of melioidosis is in
accordance with the GATHER guidelines (webappendix pp 11-12).14

Study design and procedures

We systematically searched Medline, Embase, WHO Global Health Library, and the
database on melioidosis.info without language restriction, for reports of human melioidosis
published between Jan 1, 1990 and Dec 31, 2015. A broad search strategy and combination
of test searches and terms, Burkholderia spp. and disease names were used to capture a
range of outcomes associated with melioidosis (webappendix pp 3-4). To foster data quality,
we only included culture-confirmed cases of melioidosis. Two independent reviewers (JS,
HV) screened titles and abstracts for relevance, and any disagreement about eligibility
between reviewers was resolved by discussion and ultimately a third author (EB). The search
of published works and data extraction was done by EB, HV and JS (webappendix pp 7-8).
Due to the absence of data on post-infectious sequelae in the initial systematic review, an
expert opinion-guided supplementary search was conducted (webappendix pp 3-4). We
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conducted the review according to guidance from the Cochrane handbook of interventions
and reported the systematic review according to PRISMA guidelines where applicable
(webappendix pp 9-10). This study was registered in PROSPERO (CRD42018106372).

Synthesis of global epidemiological data is used to quantify disease burden using the DALY
metric, which is composed of time lost due to morbidity (YLD = years lived with disability)
and time lost due to mortality (YLL = years of life lost). One DALY is equivalent to 1 year
of healthy life lost.11 An incidence-based disease model of melioidosis disease states
(sequelae) and post-infectious sequelae, was developed to quantitatively assess the
melioidosis disease burden (Figure 1).1°

Disability weights (DWSs), are weight factors reflecting severity of disease, ranging from 0
(perfect health) to 1 (equivalent to death). For this study, the DWs for health outcomes from
the GBD study were adopted if possible,20 otherwise a new DW for ‘intensive care
admission’ was used from a European study involving 30,660 responses.2! When exact
matches were not available, proxy disease outcomes were identified based on best matching
description and expert agreement (Table 1). See webappendix pp 13 for our analytical model
flowchart for DALY calculation and melioidosis database development.

Based on a combination of literature, clinical expertise and consensus, we divided
melioidosis into disease states (or sequelae) (Table 1): (1) septic shock, (2) sepsis, (3)
pneumonia, (4) central nervous system infection (CNS), (5) intra-abdominal abscess, (6)
musculoskeletal infection (MSK), (7) urinary tract infection (UTI), (8) parotitis (including
lymphadenitis), (9) skin and soft tissue infection (SSTI), and (10) other (mainly pericarditis
and mycotic aneurysms). Although we modelled individual outcomes/sequelae, overlap was
allowed; thus implicitly, multifocal or disseminated cases of infection were also included.
Oral antibiotic treatment was considered as an additional health state in non-fatal cases.
Post-infectious sequelae data for melioidosis were also extracted from additional literature
searches for sepsis and septic shock,® ongoing neurologic impairment,1” and ongoing MSK
problems,18:19 which were validated against expert opinion. These models allowed
quantification of global burden of melioidosis as expressed in DALY's. Due to the scarceness
of good quality epidemiological data on melioidosis and to reduce duplication of effort, we
extracted mortality and incidence estimates from a recent modelling study# and estimated
DALYs based on the 2015 estimates of the UN World Population Prospects 2017 revision
(https://population.un.org/wpp).

In addition, we established the age and sex distribution of melioidosis cases per WHO region
based on the data resulting from our systematic review (Figure 2). We used the same age-sex
distribution for all countries within the same region. The case definition of melioidosis was
isolation of B. pseudomallei from any site, ensuring capture of all types of culture-positive
melioidosis, including localised and disseminated forms. All included cases represented
symptomatic infection. Relapse or recrudescence of infection were counted as separate
cases.

YLDs were calculated for the main melioidosis symptoms (i.e., sepsis, pneumonia), as well
as for antibiotic treatment and lifelong post-infectious sequelae among surviving cases. Our
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systematic review provided data on the health state durations and on the probabilities of
developing the considered symptoms. All surviving patients were assumed to receive
antibiotic treatment, while the probabilities of developing post-infectious sequelae among
surviving cases were derived from the literature.16-19 Disability weights were derived from
the Global Burden of Disease study.2? YLLs, YLDs and post-infectious sequelae were
calculated using the WHO standard life expectancy table,23 while the GBD standard life
expectancy table!? was used in a scenario analysis. The case data from our systematic
review were used to derive an age and sex distribution of incident cases and deaths by WHO
region. DALY were calculated by country, and subsequently aggregated at regional and
global level. Based on our case data, we also calculated the proportion of patients who
presented with known melioidosis risk factors, i.e., diabetes, chronic liver disease or alcohol
abuse, chronic renal failure and chronic lung disease.

Parameter uncertainty was quantified and propagated using 10,000 Monte Carlo simulations
(webappendix pp 18). The resulting uncertainty distributions were summarised by their
mean and a 95% uncertainty interval (UI) defined as the distribution’s 2.5 and 975t
percentile. In subsequent analyses, we used linear regressions to analyse the associations
between the country-specific log-transformed melioidosis DALY's and the countries” SDI
scores2 and HAQ indices!3 for 2015 (webappendix pp 15). We also quantified the
association between global DALY's for melioidosis and other NTDs, and their respective
levels of funding according to http://www.who.int/research-observatory.24 All analyses were
performed in R 3.5.1 (R Core Team, 2018).

Role of funding source

Results

The study funders had no role in the study design, data collection, data analysis, data
interpretation, or writing of the final report. The corresponding author had full access to all
the data in the study and had final responsibility for decision to submit for publication.

Our systematic review identified 2 888 studies, of which 475 were included in the
quantitative analyses (webappendix pp 6). In total, 11 767 cases from five of six WHO
regions were available (webappendix pp 14). The incidence age and sex distribution is
largely similar to the mortality age and sex distribution (Figure 2), and also to DALY age
and sex distribution, given that the majority of patients die during the acute stage of their
illness. However, regional differences were observed with respect to the median age of
incidence, which was 36 years in the American region (AMR), compared to 50, 47, 49 and
60 years for the South-East Asian region (SEAR), Western-Pacific region (WPR), African
region (AFR) and Eastern Mediterranean region (EMR) respectively (webappendix pp
19-21). Below the age of 14, the age-sex distribution of melioidosis incidence was similar
across regions, whereas for 14 years and older the male to female incidence and mortality of
melioidosis was 2:1 (Figure 2).

Of all melioidosis cases identified, 88-4% (4589/5194) were acute and 11-7% (605/5194)
chronic. Sepsis, intra-abdominal abscess, and pneumonia were the most common outcomes,
occurring in 18-:0% (Ul 17-2-18:9), 18-:3% (Ul 17-5-19-1) and 35:7% (Ul 34-9-36-6) of
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patients respectively. In total, 12.6% (Ul 12-0-13-3) presented with SSTI, 12:1% (Ul
11-4-12-8) with septic shock, 8:2% (Ul 7-7-8-7) with MSK infections, 6-7% (Ul 6-2-7-2)
developed UTI, 2-:6% (Ul 2-3-2-9) other infections such as pericarditis and mycotic
aneurysms, 2-3% (Ul 2:0-2-6) parotitis and 1-6% (Ul 1-4-1-9) developed CNS infections
(webappendix pp 22-23). Chronic post-infectious sequelae, most notably general malaise/
weakness, cognitive impairment and readmissions predicted to occur in 16-7% (Ul 0-5-52.1)
of septic patients,® ongoing functional and cognitive impairment in 36:2% (U1 24-4-48.8) of
CNS infection patients,1” and ongoing arthritic symptoms and mobility problems in 40-7%
(Ul 34-1-47-5) of MSK infection patients (webappendix pp 22-23).18:19 Septic shock had the
shortest mean duration of symptoms prior to admission of 8:2 d (sd 8-4 d) and
hospitalization of 14-5 d (sd 15-8 d). Pneumonia had a mean duration of symptoms prior to
admission of 10-9 (sd 10-6) and hospitalization of 21.4 (sd 17-3) days. MSK and intra-
abdominal abscess had the longest mean duration of symptoms prior to admission of 63-3
(sd 168-8) and 67-4 (sd 206-4) respectively which also coincides with longest mean number
of days hospitalized, 33-9 (sd 56-2) and 32:9 (sd 60-2) days respectively. The mean duration
of consolidation therapy was 129:5 days (sd 48.0).

Overall, by integrating the predicted incidence and mortality data with our disease model,*
we estimated that melioidosis was responsible for 4 635 636 DALYS (Ul 3 164 157-6 602
075) in 2015, corresponding to 84-3 DALY (Ul 57:5-120.0) per 100 000. YLLs accounted
for 98-9% (U1 97-8-99:5) of the total DALYSs. The highest total burden occurred in India,
where melioidosis resulted in 1 596 733 DALY’ (Ul (503 727-3 320 277), while Cambodia
had the highest DALY per 100 000 people (with 414-6 DALY per 100 000; Ul
111.9-919-4). In 2015, India, Bangladesh, Vietnam, Nigeria and Indonesia combined made
up 70-5% (Ul 57-7-80-9) of total melioidosis DALY burden (3 307 178 DALYS; Ul 1 892
971-5 251 783). SEAR carried the highest burden of DALY's (158-1 per 100 000 people; Ul
88-3-256.0), followed by AFR (84-1; Ul 43-4-152.4) and then WPR (45.6; Ul 27-7-69-5)
(Figure 3; Table 2).

YLDs were responsible for 1-1% (50 541-7 Ul 22 778:-2-97 825-4) of the total melioidosis
DALYs. With post-infectious sequelae contributing most to the YLDs (86-8%; Ul
70-2-95-2), followed by symptoms 9-9% (Ul 3-0-25-5) and oral antibiotic treatment 3-4%
(Ul 1-0-8-0). The proportion of patients with melioidosis also having underlying diabetes or
newly diagnosed hyperglycaemia was 46-1% (Ul 45-2-47.0), with chronic kidney disease,
chronic liver disease or alcohol abuse, and chronic lung disease representing 9-3% (Ul
8-8-9-8), 7-4% (Ul 6-9-7-9) and 3-4% (Ul 3-0-3-7) respectively (webappendix pp 22-23). As
a proportion of DALY, diabetes alone accounted for 2 137 433-3 (Ul 1 459 182-0-3 046
177-1). Total DALY per country showed a negative association with both SDI and HAQ
Index (webappendix pp 28, Figure S6), reinforcing the known trend of improving outcomes
with better access to healthcare and improved education. These associations also help to
identify those countries with discrepancies in access to healthcare and high DALYS, such as
Thailand and Singapore. Additionally, the Philippines, Indonesia and Thailand, despite
having higher SDI, display a high burden of melioidosis (webappendix pp 28-31). For
example, Thailand, despite having good access to healthcare (70-8 HAQ Index) and good
socio-demographic development (0-705 SDI), still shows a high melioidosis DALY burden
(212-6 per 100 000 people; Ul 72:4-430-1). The scenario analysis using the GBD life
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expectancy tables resulted in 4 093 110 (Ul 2 790 743-5 826 117) DALYSs, 11-7% lower than
the result using the WHO life expectancy table (webappendix pp 25-27, Table S6).

Discussion

Our study, using a systematic review and data synthesis, is the first to provide estimates of
the global burden of melioidosis in terms of DALYs. We estimated that in 2015 the global
burden of melioidosis was 4-6 million DALYs (Ul 3-:2-6-6 million), corresponding to 84-3
DALYs (Ul 57-5-120-0) per 100 000 people. YLLs accounted for 98-9% (Ul 97-7%-99-5%)
of the total DALYs.

Our study provides worldwide estimates, including regions of South Asia, South America,
and Africa where the burden of melioidosis has been under-appreciated and possibly
misallocated to other febrile illnesses such as malaria and tuberculosis.®’ Putting this into
context, the global burden of melioidosis as expressed in DALY (4-64 million) is higher
than leptospirosis (2:90 million), dengue (2-86 million), schistosomiasis (2:63 million),
lymphatic filariasis (1-24 million) and leishmaniasis (1-06 million) (webappendix pp 32-33).
The burden per million DALY's of melioidosis compared to the estimates of officially
recognized neglected and re-emerging tropical diseases estimated by the WHO and amount
invested globally in research and development is showed in webappendix pp 32-33 (Figure
S7). This shows that there is no clear association between DALY burden and level of global
investment (p = 0-892), which we feel should prompt re-evaluation of how resources are
allocated for NTDs.

Our scenario analysis which represents differences between WHO and GBD life expectancy
tables alone, resulted in 11-7% higher DALY estimates (webappendix pp 25-27).
Additionally, an incidence-based approach was preferred as it has been shown to provide a
more reliable metric for infectious diseases,12-2% and we restricted our systematic review to
culture confirmed cases only to limit bias.

The results of our systematic review also showed that incidence, mortality, and DALY's from
melioidosis were about twice as high for men as for women, a finding similar to that in
tuberculosis.2® As with tuberculosis, several explanations have been given for the gender
difference in melioidosis risk; including differential occupational exposures, differential
access to health care, differential exposure to risk factors, and genetic variation.3:26 This
interplay of risk factors and age-sex distribution of melioidosis cases, deaths, and DALYs
has strategic implications for melioidosis control programmes by allowing targeting of high
risk groups.

The gold-standard for diagnosis of melioidosis is culture; therefore, we limited our case
definition to only culture-proven melioidosis. Due to the low sensitivity and specificity of
currently used serological tests,® we decided to take this more conservative approach.
However, the estimated sensitivity of culture in melioidosis is only 60-2%.3 This means that
there is an opportunity for future studies using more robust serological tests than those that
are currently available to provide even better estimates of the true burden of melioidosis that
can be incorporated into DALY calculations.

Lancet Infect Dis. Author manuscript; available in PMC 2020 February 01.
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Globally, in 2015, the top four risk factors for melioidosis (diabetes, chronic liver disease or
alcohol abuse, chronic renal disease and chronic lung disease) were present in 46:1%, 7-4%,
9-3%, and 3:4% of melioidosis cases respectively (webappendix pp 24). Thus, efforts to
prevent these risk factors or provide a cost-effective vaccine targeted “at-risk’ groups such as
diabetic rice farmers, could have substantial collateral impact on the burden of melioidosis.
Interestingly, in our analysis HIV, occurring in less than 1%, does not appear to be
associated with acquiring melioidosis, which is consistent with evidence from previous
smaller cohorts.327 As many countries go through demographic and epidemiological
transitions, particularly those in LMICs are poised to suffer the double burden of melioidosis
and diabetes.?8 Global YLLs for diabetes have gone from rank 27 to rank 15 between 1990
and 2015, a 45-3% increase.2? Indeed, diabetes alone carries a 12 times relative risk of
acquiring melioidosis in endemic regions®19 and with the global diabetes pandemic, there is
potential for catastrophic increase in melioidosis burden, with LMIC facing the brunt.

Our study has several limitations. First, globally reliable incidence and mortality data for
calculating the global burden of melioidosis were scarce. Therefore, the global case numbers
of incidence and deaths were based on modelling of a comprehensive database of 22 338
geographically located records of human and animal melioidosis, alongside the presence of
environmental B. pseudomallei* Given the imperfections in data sources, we believe our
methodology of integrating existing information and knowledge through a systematic
literature review and data synthesis provides a more robust assessment of melioidosis
epidemiology than has been done so far. Second, we did not include all possible sequelae in
our outcome tree designed to calculate DALY, because of paucity of data particularly on
the rarest sequelae. Specific DWs were not available for most of the disease outcomes (for
example septic shock, sepsis, CNS infection, intra-abdominal abscess, MSK infection, UTI,
parotitis, SSTI, and post-infectious sequelae amongst others) and proxy health states were
decided based on the best matching descriptions and expert opinion. Further studies
generating DWs should include those disease outcomes in their future surveys. In particular,
the lack of a DW for sepsis,3° a critical illness with a high disability, is a significant
handicap for such work and highlights the need for better DWs to be developed in future. We
believe that it is insufficient to use the severe acute infectious disease disability weightDW?3°
for sepsis given the mounting evidence of prolonged disability and involvement in organ
dysfunction in sepsis (as per 3-0 guidelines definition).3 Third, outcomes of post-
melioidosis sequelae, such as those following sepsis/septic shock, CNS infection and MSK
infection, had very limited data available, and were therefore extracted through review of
additional literature.16-19 These post-infectious sequelae were modelled on the remaining
life expectancy of survivors and a shortened life expectancy was not accounted for. Although
YLDs did not appear to have a significant contribution to overall DALY in melioidosis, we
only accounted for a limited number of post-infectious sequelae, and given that 86-8% (Ul
70-2-95-2) of YLDs are due to the post-infectious sequelae component, this warrants further
studies on long term disease outcomes. Since we made use of expert panel facilitation,
careful interpretation of post-infection sequelae proportions may be required. Fourth, so far,
we have included only regional age/sex distribution and country specific life expectancy
values for post-infectious sequelae, but have been unable to include any regional differences
in disease presentation and sequelae, which may be linked to virulence,3 because of lack of
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data. Additionally, due to the lack of granularity we were unable to differentiate for
transition between disease states and therefore we assumed to be similar across health-care
systems globally. Fifth, as yet, reactivation of latent melioidosis does not seem to play a
major role in the total burden of melioidosis, however, crucial data on this subject are
missing and we are currently unable to determine exact figures. Sixth, we did not account
for trends of increasing or decreasing melioidosis incidence that could have occurred across
countries, because of the limited amount of data available. We found that extracting data
from regional/national databases would not be representative, as exemplified by data
validation in Thailand (webappendix pp 4).32 Last, the nature of our study and modelling
work only allowed us to generate estimates up to 2015. Extrapolation of estimates beyond
this time point was considered, but this would have led to further widening of uncertainty
intervals. Additionally, accurate populations estimates are only available up to 2015, hence
reducing the ambiguity in modelling estimates of estimates. Moreover, in order to be
consistent with the incidence and mortality rates for 2015 used, we only included data up to
2015 in our systematic review.* Despite these limitations, we believe the systematic
methodological approach we have taken has yielded more robust estimates than would
otherwise have been obtained using limited source data of countrywide health statistics/vital
registration forms.

Access to healthcare and socio-demographic development are associated with the burden of
melioidosis as assessed by DALYS. Previously it has been shown that below a SDI score of
0.25, communicable causes accounted for 30-45% of total disability, with NTDs playing a
primary role.33 Interestingly, the majority of melioidosis-endemic countries carry a higher
SDI. This association between SDI and HAQ Index and DALY's allows one to benchmark
those outliers showing a discrepant relationship for targeted improvement, at the same time
providing insights into which public interventions contribute towards narrowing. Thus,
efforts beyond reduction in income inequality, improved fertility or years of education
(factors comprising SDI) will help catalyse additional gains in life expectancy and reduce
disease burden (all-age YLDs), further emphasising the critical role of policy interventions
beyond traditional health service delivery. For example, with increasing SDI, the proportion
of workforce in agriculture would be expected to decrease, which is likely to have some
effect on the burden of melioidosis as this group of population is at increased risk. It is
important to note that the SDI instrument is still incomplete, because significant features of
societal function are missing (including political stability, gender equity, urbanisation,
technology penetration or infrastructure).34 As melioidosis is caused by a saprophytic
organism, climate change will also impact geographic spread and incidence. Further aims
include characterizing knowledge gaps in respective epidemiological disease parameters.
One such aspect would be to characterise DALY according to seasonal changes given the
close relationship between melioidosis incidence, the monsoon and severe weather events,
which will help further target interventions.

Moreover, incidence data on melioidosis could vary depending on the surveillance system of
the country (including whether it considers melioidosis a problem or not) and on the
definition of case-based isolation of bacteria or detection by PCR or immunoassays test.3°
Strengthening melioidosis notification and vital registration systems is needed to improve
the quality of data.28 Until such systems are fully developed and integrated at national levels,
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it should be appreciated by users that variation in estimates is unavoidable. It is hoped from
this work that endemic countries will be sensitised on the burden of the disease and the need
to improve its surveillance in order to adapt control measures. Clearly, a key priority should
be worldwide collaboration to fortify and develop basic microbiological diagnostic facilities
(health technology) and capacity which forms the foundations of surveillance data, an area
of importance also emphasised by the Lancet commission.3® This in itself would have wider
implications for other diseases/pathogens, not least better clinical management of patients.

Efforts against NTDs reached a watershed after the first Global Partners’ Meeting convened
by WHO in 2007. This landmark initiative resulted in a shared commitment to support
WHO?’s strategies yielding significant gains for public health, including scale up of control
and elimination programs and enhanced access to medicines. Subsequently, the first WHO
report on NTDs demonstrated that the strategic approaches were technically feasible and the
investment cost effective.38 We feel it is time that these gains are also translated across to
melioidosis as our estimates provide a clear motivation for considering melioidosis as a
major NTD. It meets the proposed criteria for classifying a condition as an NTD, in that it )
disproportionally affects populations living in poverty, causing important morbidity and
mortality 2) primarily affects populations living in tropical and subtropical regions 3) is
amenable to broad control, elimination or eradication strategies and 4) is relatively neglected
by research funding allocation.3” Now that this precedent has been established, collaboration
between member states and international partners, including organizations, foundations and
donors is vital in order to increase international attention, prioritize national epidemiological
surveillance, operational research and strengthen development of highly needed laboratory
capacity, products and tools together with necessary public and health-care worker training.
Due to the saprophytic nature of melioidosis and the fact that it can also affect a wide range
of animal species, a One Health approach would be ideal.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

EB received a Research Grant [2018] from the European Society of Clinical Microbiology and Infectious Diseases
(ESCMID) and received the Academic Medical Center PhD scholarship award [grant number: 22162]; WJW
received financial support through a VIDI-grant of The Netherlands Organisation for Scientific Research ([NOW;
VIDI grant to W.J.W., grant number: 91716475]; WJW and HV are supported by the H2020 Marie Sklodowska-
Curie Innovative Training Network (MC ITN) European Sepsis Academy.

References

1. Wiersinga WJ, Currie BJ, Peacock SJ. Melioidosis. N Engl J Med. 2012; 367(11):1035-44.
[PubMed: 22970946]

2. Currie BJ, Ward L, Cheng AC. The epidemiology and clinical spectrum of melioidosis: 540 cases
from the 20 year Darwin prospective study. PLoS Negl Trop Dis. 2010; 4(11):€900. [PubMed:
21152057]

3. Wiersinga WJ, Virk HS, Torres AG, et al. Melioidosis. Nat Rev Dis Primers. 2018; 4

4. Limmathurotsakul D, Golding N, Dance DA, et al. Predicted global distribution of Burkholderia
pseudomallei and burden of melioidosis. Nat Microbiol. 2016; 1(1)

Lancet Infect Dis. Author manuscript; available in PMC 2020 February 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Birnie et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 11

. Hoffmaster AR, AuCoin D, Baccam P, et al. Melioidosis diagnostic workshop, 2013. Emerg Infect

Dis. 2015; 21(2)

. Wiersinga WJ, Birnie E, Weehuizen TA, Alabi AS, Huson MA, Huis RA. Clinical, environmental,

and serologic surveillance studies of melioidosis in Gabon, 2012-2013. Emerg Infect Dis. 2015;
21(1):40. [PubMed: 25530077]

. Birnie E, Wiersinga WJ, Limmathurotsakul D, Grobusch MP. Melioidosis in Africa: should we be

looking more closely? Future Microbiol. 2015; 10(2):273-81. [PubMed: 25689538]

. Currie BJ. Melioidosis: evolving concepts in epidemiology, pathogenesis, and treatment. Sem Respir

Crit Care Med. 2015; 36(1):111-25.

. Herricks JR, Hotez PJ, Wanga V, et al. The global burden of disease study 2013: What does it mean

for the NTDs? PLoS Negl Trop Dis. 2017; 11(8):e0005424. [PubMed: 28771480]

. Limmathurotsakul D, Wongratanacheewin S, Teerawattanasook N, et al. Increasing incidence of
human melioidosis in Northeast Thailand. Am J Trop Med Hyg. 2010; 82(6):1113-7. [PubMed:
20519609]

Murray CJ, Vos T, Lozano R, et al. Disability-adjusted life years (DALYSs) for 291 diseases and
injuries in 21 regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study
2010. Lancet. 2012; 380(9859):2197-223. [PubMed: 23245608]

GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and national life
expectancy, all-cause mortality, and cause-specific mortality for 249 causes of death, 1980-2015: a
systematic analysis for the Global Burden of Disease Study 2015. Lancet. 2016; 388(10053):
1459-544. [PubMed: 27733281]

GBD 2015 Healthcare Access and Quality Collaborators. Healthcare Access and Quality Index
based on mortality from causes amenable to personal health care in 195 countries and territories,
1990-2015: a novel analysis from the Global Burden of Disease Study 2015. Lancet. 2017;
390(10091):231-66. [PubMed: 28528753]

Stevens GA, Alkema L, Black RE, et al. Guidelines for Accurate and Transparent Health Estimates
Reporting: the GATHER statement. PLoS Med. 2016; 13(6):e1002056. [PubMed: 27351744]

Mangen MJ, Plass D, Havelaar AH, et al. The pathogen- and incidence-based DALY approach: an
appropriate [corrected] methodology for estimating the burden of infectious diseases. PloS One.
2013; 8(11):e79740. [PubMed: 24278167]

Prescott HC, Angus DC. Enhancing Recovery From Sepsis: A Review. JAMA. 2018; 319(1):62—
75. [PubMed: 29297082]

Brouwer MC, Coutinho JM, van de Beek D. Clinical characteristics and outcome of brain abscess:
systematic review and meta-analysis. Neurology. 2014; 82(9):806-13. [PubMed: 24477107]

Lauper N, Davat M, Gjika E, et al. Native septic arthritis is not an immediate surgical emergency. J
Infect. 2018; 77(1):47-53. [PubMed: 29742468]

Teparrukkul P, Nilsakul J, Dunachie S, Limmathurotsakul D. Clinical epidemiology of septic
arthritis caused by Burkholderia pseudomallei and other bacterial pathogens in Northeast Thailand.
Am J Trop Med Hyg. 2017; 97(6):1695-701. [PubMed: 29016319]

Salomon JA, Haagsma JA, Davis A, et al. Disability weights for the Global Burden of Disease
2013 study. Lancet Glob Health. 2015; 3(11):e712-23. [PubMed: 26475018]

Haagsma JA, Maertens de Noordhout C, Polinder S, et al. Assessing disability weights based on
the responses of 30,660 people from four European countries. Pop Health Metr. 2015; 13:10.

Meumann EM, Cheng AC, Ward L, Currie BJ. Clinical features and epidemiology of melioidosis
pneumonia: Results from a 21-year study and review of the literature. Clin Infect Dis. 2012; 54(3):
362-9. [PubMed: 22057702]

World Health Organization. WHO methods and data sources for global burden of disease estimates
2000-2011. Geneva: Department of Health Statistics and Information Systems; 2013. Report No.:
Global Health Estimates Technical Paper. WHO/HIS/HSI/GHE/2013.4. http://www.who.int/
healthinfo/statistics/GlobalDALYmethods_2000_2011.pdf?ua=1 [accessed January 2, 2018]

O'Sullivan BP, Torres B, Conidi G, et al. Burkholderia pseudomallei infection in a child with cystic
fibrosis: acquisition in the Western Hemisphere. Chest. 2011; 140(1):239-42. [PubMed:
21729895]

Lancet Infect Dis. Author manuscript; available in PMC 2020 February 01.


https://www.who.int/healthinfo/statistics/GlobalDALYmethods_2000_2011.pdf?ua=1
https://www.who.int/healthinfo/statistics/GlobalDALYmethods_2000_2011.pdf?ua=1

s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Birnie et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

Page 12

Colzani E, Cassini A, Lewandowski D, et al. A software tool for estimation of burden of infectious
diseases in Europe using incidence-based disability adjusted life years. PloS One. 2017,
12(1):e0170662. [PubMed: 28107447]

GBD Tuberculosis Collaborators. The global burden of tuberculosis: results from the Global
Burden of Disease Study 2015. Lancet Infect Dis. 2018; 18(3):261-84. [PubMed: 29223583]

Chierakul W, Wuthiekanun V, Chaowagul W, et al. Short report: disease severity and outcome of
melioidosis in HIV coinfected individuals. Am J Trop Med Hyg. 2005; 73(6):1165-6. [PubMed:
16354832]

van Crevel R, van de Vijver S, Moore DAJ. The global diabetes epidemic: what does it mean for
infectious diseases in tropical countries? Lancet Diabetes Endocrinol. 2017; 5(6):457-68.
[PubMed: 27499355]

McKee, S. Rethinking Development and Health: Findings from the Global Burden of Disease
Study. Seattle, Washington, USA: Institute for Health Metrics and Evaluation;

de Noordhout CM, Devleesschauwer B, Angulo FJ, et al. The global burden of listeriosis: a
systematic review and meta-analysis. Lancet Infect Dis. 2014; 14(11):1073-82. [PubMed:
25241232]

Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3). JAMA. 2016; 315(8):801-10. [PubMed: 26903338]

Hinjoy S, Hantrakun V, Kongyu S, et al. Melioidosis in Thailand: Present and Future. Trop Med
Infect Dis. 2018; 3(2):38. [PubMed: 29725623]

GBD 2015 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and
national incidence, prevalence, and years lived with disability for 310 diseases and injuries,
1990-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet. 2016;
388(10053):1545-602. [PubMed: 27733282]

GBD 2016 Meningitis Collaborators. Global, regional, and national burden of meningitis,
1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol.
2018; 17(12):1061-82. [PubMed: 30507391]

Howitt P, Darzi A, Yang GZ, et al. Technologies for global health. Lancet. 2012; 380(9840):507—
35. [PubMed: 22857974]

World Health Organization. [accessed September 1, 2018] First WHO report on neglected tropical
diseases: working to overcome the global impact of neglected tropical diseases. 2010. https://
apps.who.int/iris/bitstream/handle/10665/44440/9789241564090_eng.pdf?sequence=1

. The WHO Strategic and Technical Advisory Group for Neglected Tropical Diseases (WHO

STAG). [accessed December 1, 2018] Recommendations for the adoption of additional diseases as
neglected tropical diseases. https://www.who.int/neglected_diseases/diseases/
Adoption_additional_NTDs.pdf

Lancet Infect Dis. Author manuscript; available in PMC 2020 February 01.


https://apps.who.int/iris/bitstream/handle/10665/44440/9789241564090_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44440/9789241564090_eng.pdf?sequence=1
https://www.who.int/neglected_diseases/diseases/Adoption_additional_NTDs.pdf
https://www.who.int/neglected_diseases/diseases/Adoption_additional_NTDs.pdf

s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Birnie et al.

Page 13

Research in Context
Evidence before this study

Previous studies have estimated incidence and mortality rates of melioidosis using
regional cohorts. A recent study used epidemiological and environmental modelling to
estimate the incidence and mortality of melioidosis. These global case numbers of
incidence and deaths were based on modelling of a comprehensive database of 22 338
geographically located records of human and animal melioidosis, alongside the presence
of environmental B. pseudomallei and are the only known prior global estimates.
However, attempts to calculate disability-adjusted life years (DALYS) due to melioidosis
are lacking, hampering comparisons with other neglected tropical diseases (NTDs). Our
systematic review of the peer-reviewed literature for human melioidosis cases between
1990 and 2015, using a broad search strategy and combination of search terms,
Burkholderia spp. and disease names, without language restrictions, returned 2 888
results. Screening abstracts and titles identified 698 reports. Full text screening
eliminated 223 articles that did not meet the inclusion criteria. Therefore 475 studies
were included in the data synthesis.

Added value of this study

To our knowledge, this study is the first to provide global estimates of melioidosis in
terms of years of life lost, years lived with disability, and DALY at country, regional, and
global levels. As such, it is the most comprehensive assessment of the burden of
melioidosis so far. Our estimates add important information to what is known about
melioidosis and the related potential impact of the global diabetes epidemic. Our
estimates enable comparison with other NTDs which are already recognised as neglected
and give policy makers the information necessary to reconsider melioidosis in this
perspective.

Implications of all the available evidence

Our results suggest that symptomatic melioidosis infections result in about 4:6 million
DALYs annually. In comparison, estimates for Intestinal Nematode Infection and Dengue
resulted in 4-6 million and 2:9 million DALY respectively. This data has the potential not
only to inform public health policy and priority setting to address a potentially
preventable and debilitating disease, but should also lead to the official recognition of
melioidosis as a major NTD.
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Figure 1. Simplified disease model used to estimate the global burden of melioidosis
All surviving patients were considered to receive oral antibiotic treatment. Sequelae data on

post-acute melioidosis consequences were also extracted from additional literature searches
for sepsis and septic shock,6 ongoing neurologic impairment,1” and ongoing MSK
problems.18:19 Abbreviations: CNS= central nervous system; MSK= musculoskeletal; UTI=
urinary tract infection; SSTI= skin soft tissue infection.
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Figure 2. Age and sex distribution of melioidosis incident and fatal cases
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Figure 3. Disability-adjusted life years per 100 000 people for melioidosis by country in 2015
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