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Abstract

Background: In the absence of definitive diagnosis, healthcare providers are likely to prescribe empirical
antibacterials to those who test negative for malaria. This problem is of critical importance in Southern Asia (SA)
and South-eastern Asia (SEA) where high levels of antimicrobial consumption and high prevalence of antimicrobial
resistance have been reported. To improve management and guide further diagnostic test development, better
understanding is needed of the true causative agents of fever and their geographical variability.

Methods: We conducted a systematic review of published literature (1980–2015) to characterise the spectrum of
pathogens causing non-malarial febrile illness in SA and SEA. We searched six databases in English and French
languages: MEDLINE, EMBASE, Global Health (CABI) database, WHO Global Health Library, PASCAL, and Bulletin de la
Société Française de Parasitologie (BDSP). Selection criteria included reporting on an infection or infections with a
confirmed diagnosis, defined as pathogens detected in or cultured from samples from normally sterile sites, or
serological evidence of current or past infection.

Results:A total of 29,558 records from 19 countries in SA and SEA were screened, of which 2410 (8.1%) met the
selection criteria. Bacterial aetiologies were reported in 1235 (51.2%) articles, viral in 846 (35.1%), parasitic in 132
(5.5%), and fungal in 54 (2.2%), and 143 (6.0%) articles reported more than one pathogen group. In descending
order of frequency,SalmonellaTyphi,Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, and coagulase
negativeStaphylococcuswere the commonly reported bacteria, while dengue virus, chikungunya virus, Japanese
encephalitis virus, hepatitis B virus, and hepatitis C virus were common viral pathogens reported. Reports of rarely
reported or emerging pathogens included a case report ofBorrelia burgdorferi(Lyme disease) in India in 2010 and
reports of Nipah virus in Singapore and India.

(Continued on next page)

© The Author(s). 2020Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visithttp://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence:poojan.shrestha@iddo.org; philippe.guerin@iddo.org
1Infectious Diseases Data Observatory (IDDO), University of Oxford, NDMRB,
Old Road Campus, Oxford OX3 7FZ, UK
Full list of author information is available at the end of the article

Shresthaet al. BMC Medicine         (2020) 18:299 
https://doi.org/10.1186/s12916-020-01745-0



(Continued from previous page)

Conclusions:This review summarises the reported non-malaria pathogens that may cause febrile illness in SA and
SEA. The findings emphasise the need of standardising the reporting of aetiological studies to develop effective,
evidence-based fever management and improved surveillance. Research and development of diagnostic tools
would benefit from up-to-date epidemiological reporting of the regional diversities of non-malaria fever aetiologies.

Trial registration: PROSPERO registration,CRD42016049281
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Background
While a global decline in malaria burden has been re-
ported in the last 15 years, Asia has observed the sharpest
decrease [1, 2]. The most recognised cause of febrile ill-
nesses has gradually shifted from malaria to other infec-
tious diseases in Southern Asia (SA) and South-eastern
Asia (SEA) [3, 4]. In some endemic parts of Asia, as little
as 1% of febrile illnesses among those visiting healthcare
facilities has been attributed to malaria [5, 6]. In these
areas, once malaria is ruled out from the differential diag-
nosis, delineating the cause of febrile illness can be chal-
lenging. Contributing factors include the limited
availability of rapid diagnostic tests (RDTs) for infections
other than malaria and limited microbiology laboratory fa-
cilities for the identification of the microorganisms, many
of which require skilled personnel as well as relatively
complex and expensive equipment and reagents [7]. Im-
proving the diagnosis and management of febrile illnesses
caused by non-malarial pathogens—referred to henceforth
as non-malarial febrile illness (NMFI)—is a regional and
global priority [3, 5, 8, 9]. The World Health Organization
(WHO) has emphasised the need to identify the patho-
gens causing NMFIs for the development of country-
specific algorithms for effective fever management, espe-
cially in primary healthcare facilities [8].

Fever is one of the commonest reasons to seek medical
attention in this region [10]. However, there is a paucity
of information regarding the geography of aetiological
agents of fever for many countries in SA and SEA [4,
11]. With approximately 2.5 billion inhabitants, a third
of the world’s population living in SA and SEA, the scar-
city of information is of upmost importance to guide
public health policies and research and development in-
vestments. This region has seen the emergence, re-
emergence, and spread of several pathogens of serious
threat to global health like dengue, chikungunya, influ-
enza A (H5N1 and H1N1), and different multidrug-
resistant infections among many others [12, 13]. For the
clinician or a health worker in an outpatient clinic in re-
source limited settings, the uncertainty in disease diag-
nosis can prompt indiscriminate use of broad-spectrum
antimicrobials including combinations of antibacterials,
antiparasitics, and antifungals without prior knowledge
of the likely aetiological pathogen or underlying

antimicrobial susceptibility. There are concerns that this
practice promotes antimicrobial resistance (AMR) [14,
15], while rates of antimicrobial consumption are rising
globally [16]. The widespread availability of over-the-
counter antimicrobials, self-medication practices, over-
prescribing, poor information, poor adherence, and the
lack of rapid diagnostics to differentiate infections re-
quiring antimicrobials from those that do not are all po-
tential drivers of AMR in this region [15, 17]. At the
same time, access to life-saving antimicrobials must be
assured for those who need them.

Thus, finding available and pertinent evidence to com-
pensate for the lack of aetiological knowledge of NMFIs
will aid in enhancing surveillance strategies, fever diag-
nostics, and effective fever management and contribute
to antimicrobial stewardship efforts in this densely pop-
ulated region. In line with this, an initial effort was made
in 2012 to map the regional distribution and abundance
of the pathogens in the Mekong sub-region and this pro-
ject expands that work [9].

A major challenge for assimilation of available evi-
dence on NMFI is the dearth of epidemiologically sound,
methodologically rigorous, and standardised evidence.
This precludes us from reliably assessing the distribution
of prevalent fever-causing agents in the SA and SEA re-
gions [11, 18]. In light of this sporadic and non-
standardised reporting of fever research, we conducted
an exhaustive systematic review of all published litera-
ture from 1980 through 2015, including evidence meet-
ing minimal selection criteria to be as inclusive as
possible in studying the reported distribution of the
broad spectrum of pathogens in this region.

Methods
This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [19]. The study protocol
is registered with the international prospective register
of systematic reviews (PROSPERO Registration ID:
CRD42016049281).

Literature search strategy
A systematic literature search was carried out in six li-
braries: MEDLINE, EMBASE, WHO Global Health
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Library (SEARO and WPRO files), Global Health
(CABI), Banque de Données Santé Publique (BDSP), and
PASCAL to identify publications from 1980 through
2015. A broad search string was employed which con-
sisted of Medical Subject Headings (MeSH) and free text
terms with no restriction on study design (Supplemental
file 1; section 1.1).

The literature searches for SA and SEA were carried
out separately with different time periods used (Supple-
mental file 1; section 1.1). Restrictions were imposed to
exclude articles published before 1980 and those pub-
lished in languages other than Chinese, English, French,
Portuguese, or Spanish. The corresponding author or
the journal was contacted to provide articles when
necessary.

Study selection and full-text review
The screening was carried out in two stages to identify
the articles fulfilling the inclusion criteria: title and ab-
stract screening (stage I) and then full-text screening
(stage II). Only articles meeting the pre-specified inclu-
sion and exclusion criteria were included. Non-malarial
febrile illness: a systematic review of published

aetiological studies and case reports from Africa, 1980-
2015. Two reviewers assessed the articles for SA (PS)
and SEA (CON) independently—with each article
assessed only once by one of the two reviewers. The
PRISMA flow diagram is presented in Fig.1, and a sep-
arate flow diagram for SA and SEA reviews is shown in
Supplemental file 1 (Supplemental file1; section 1.2).

Data extraction
Data from articles deemed eligible for the review were
extracted into a bespoke online data extraction form
built for the purpose of this review. The extracted
variables included the following bibliographic metrics:
study title, names of the first and second author, year
of publication, Uniform Resource Locator (URL), and
the digital object identifier (DOI). Information on the
following study meta-data was extracted: name of the
study site, latitude and longitude of the study site(s),
study start year, study end year, and range of age
groups included. The type of sample, number of indi-
viduals tested, number of cases testing positive for an
organism, and laboratory method/s used were re-
corded for the reported pathogens.

Fig. 1 PRISMA flow diagram, a systematic review of publications from Southern Asia and South-eastern Asia, 1980–2015. *Non-clinical studies =
descriptions of laboratory methods, modelling studies, economic evaluations, opinion pieces, animal model, and studies on medicinal plants. **Other
studies = studies of disease not including laboratory identification of pathogens causing fever (vector transmission, genetic studies, empiricaldiagnosis)
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Study design
Each of the reports identified in the review was classified
into one of three groups: (i) case report/case series, (ii)
seroprevalence studies, and (iii) fever series. A fever
series was defined as studies where the number of par-
ticipants tested was clearly stated together with the
number of participants testing positive for a given patho-
gen with an accurate diagnostic test for pathogen identi-
fication (culture or molecular methods). Seroprevalence
studies were defined as studies that reported the number
of individuals testing positive for a serological test along
with the total number of tested individuals. The sero-
prevalence studies were further classified into those car-
ried out in symptomatic patients to diagnose acute
infections and the ones carried out in asymptomatic in-
dividuals to measure past exposure or infection.

Categorisation of infections
Infections were categorised as bacterial, fungal, parasitic,
or viral and were sub-categorised using an epidemio-
logical definition based on the predominant mode of
transmission for the pathogens into mutually exclusive
groups as contact (direct, indirect, droplet, or droplet
nuclei transmission), vector-borne, airborne, and food-
and/or water-borne [20].

Study population and geographical classification
Study populations were grouped into four mutually ex-
clusive categories: neonates (aged < 28 days), infants (1
to < 12 months), children (1 to < 13 years), and older in-
dividuals (� 13 years). If a study reported any participants
from each age group, then they were grouped as partici-
pants of “all ages”. Countries were classified into sub-
regions (“Southern Asia” and “South-eastern Asia”) ac-
cording to United Nations designation of areas and re-
gions [21].

Statistical analyses and risk of bias assessment
The unit of analysis was a published article for each
pathogen. Articles reporting a given pathogen were
categorised by the UN sub-regions, patient age group
of tested individuals, pathogen class (bacteria, viruses,
fungi, and parasites), and predominant epidemiologic
mode of transmission. The heterogeneity of study de-
sign, pathogens sought, laboratory methods, reporting,
and limitations in data extraction precluded meta-
analysis or estimation of pathogen prevalence. Mul-
tiple articles reporting different pathogens from the
same study were treated as two separate articles. All
analyses were carried out using R software version
3.6.0 (R Foundation for Statistical Computing, Vienna,
Austria), and graphical presentations were done using
ggplot2 library [22].

The currently available tools for assessing the quality
and risk of bias were not applicable to our review design
[23, 24]. We developed criteria specifically for quality as-
sessment of the studies included in this review based on
available information regarding study design and labora-
tory methods used for identification of the pathogens.
We considered case reports and case series at a high risk
of bias as they usually report atypical presentations.
Seroprevalence studies were considered to be at moder-
ate risk of bias as the distinction of acute and past infec-
tions depends on sample timing. For fever series, studies
using culture, polymerase chain reaction (PCR) methods,
or microscopy for detection of parasites were considered
to be at low risk of bias. To assess whether published
data were biased toward urban areas, the distance be-
tween the study location and the nearest major city was
calculated using the coordinates of cities in SA and SEA
available in the“maps” library [25].

Results
The database search identified a total of 29,558 articles,
with 20,442 and 9116 articles for SA and SEA, respect-
ively. Of these, 2410 unique articles were selected for the
final synthesis (Fig.1). Among these, 1181 (49.0%) were
case series, 585 (24.3%) were seroprevalence studies, 512
(21.2%) were fever series, and 132 (5.5%) articles com-
prised combinations of the aforementioned study types.
Of 711 articles describing seroprevalence studies, 468
were in symptomatic patients, 67 were in asymptomatic
participants, and 174 comprised of both groups (133
were conducted during outbreaks).

Spatial distribution
Data were collected from 2075 unique study sites, 1880
(90.6%) of which were within a radius of 50 km of the
nearest city (Fig.2). There were 1675 (69.5%) unique ar-
ticles from SA, 732 (30.4%) from SEA, and three (0.1%)
reported from both regions (Fig.3). In SA, most reports
were from India (n = 1207) followed by Pakistan (n =
194), Nepal (n = 102), Bangladesh (n = 92), and Sri Lanka
(n = 80). Most reports from SEA were from Thailand
(n = 301), followed by Malaysia (n = 154), Singapore (n =
98), Indonesia (n = 58), and Vietnam (n = 52). There
were fewer than 10 reports from each of Afghanistan,
Bhutan, Brunei Darussalam, Maldives, Myanmar, and
Timor-Leste.

Study population
Studies reporting on neonates were found in 176 (7.3%)
articles, infants in 47 (2.0%), children aged 1 to < 13
years in 408 (16.9%), and older children and adults (� 13
years) in 764 (31.7%). There were 757 (31.4%) articles
that included participants of all ages, while the age group
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Fig. 2 Location of study sites, systematic review of publications from Southern Asia and South-eastern Asia, 1980–2015. Location of study sites
reported on in this review (in green) augmented with major cities (in red). Data on major cities were obtained from“maps” package in R
software, and for the purpose of this review, only cities with population greater than 100,000 are shown

Fig. 3 Number of publications by country, from Southern Asia and South-eastern Asia, 1980–2015. The total number of studies reported from
each of the country over the review period from 1980 through 2015. Case series included individual case reports or series of patients with the
same condition. Studies were classed as fever series if the total population denominator tested was reported and if an accurate diagnostic test
for pathogen identification (culture or molecular methods) was used. Seroprevalence studies were defined as studies that reported the number
of individuals testing positive using a serological test along with the total number of tested individuals
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studied was not reported in 258 (10.7%) articles (Fig.4;
upper panel).

Samples collected and diagnostic methods
Blood was the main specimen analysed in 2068 (85.8%)
reports included in this review. Cerebrospinal fluid
(CSF) samples were analysed in 101 (4.2%) articles; both
CSF and blood in 60 (2.5%); bone marrow, joint, lymph,
or liver aspirates in 63 (2.6%); peritoneal, pericardial, or
pleural fluids in 23 (1.0%); spleen samples in 10 (0.4%);
and vitreous humour samples in 10 (0.4%). Multiple
sample sources were analysed in 73 (3.0%) articles, and
the specimen analysed was not specified in two (0.1%)
(Supplemental file1; section 1.3).

Bacterial infections were detected using culture
methods in 920 (66.8%) articles, serological assays in
340 (24.7%), PCR in 30 (2.2%), and microscopy and
staining in seven (0.5%), and multiple diagnostic
methods were reported in 89 (5.8%) articles. For vi-
ruses, 680 (75.5%) articles reported serological testing,
and 90 (10.0%) PCR methods, 14 (1.6%) culture
methods, and multiple diagnostic methods were re-
ported in 117 (13.0%) articles. Fungal infections were
identified using culture methods in 125 (87.4%) arti-
cles while parasites were detected using microscopy
methods in 70 (51.1%) articles and serological tests in
39 (5.6%) articles. Further details are presented in
Supplemental file1; section 1.3.

Aetiological findings
Bacterial infections were reported in 1235 (51.2%) arti-
cles, viral infections in 846 (35.1%), parasitic infections
in 132 (5.5%), and fungal infections in 54 (2.2%), and
143 (6.0%) articles reported more than one pathogen
group (Fig. 4; lower panel). The median number of
pathogen species reported in a study was one [range 1–
46, interquartile range 1–2]. Among 2410 articles, 1774
(73.6%) reported one species of microorganisms while 2
to < 5 microorganisms were reported in 319 (13.2%) arti-
cles, between 5 to < 10 in 192 (8.0%) articles, and� 10
microorganisms in 125 (5.2%) articles.

Bacterial infections
SalmonellaTyphi (n = 285 articles),Escherichia coli(n =
270), Staphylococcus aureus(n = 255), Klebsiella pneu-
moniae (n = 169), and coagulase negativeStaphylococci
(n = 160) were the top five commonly reported bacteria
(Fig. 5). SalmonellaTyphi (n = 236) was the most com-
monly reported bacterium in Southern Asia (Fig.5; left
panel), whereas in South-eastern Asia,Burkholderia
pseudomallei(n = 86) was the most commonly reported
(Fig.5; right panel).

Vector-borne bacterial infections
Orientia tsutsugamushiwas the most commonly re-
ported vector-borne bacterium (n = 151 articles)
followed by Rickettsia typhi(n = 48); Rickettsia, spotted
fever group (n = 37); andRickettsiaspp. (n = 34) (Fig.5).

Fig. 4 Waffle plots showing the distribution of articles by age categories (top) and pathogen categories (bottom), systematic review of published
aetiological studies and case reports from Southern Asia and South-eastern Asia, 1980–2015
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