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Abstract

Background

Malaria and filariasis are significant vector-borne diseases that are co-endemic in the same

human populations. This study aims to collate the evidence, probability, and characteristics

of malaria and filariasis co-infections in participants among studies reporting the co-occur-

rence of both diseases.

Methods

We searched for potentially relevant articles reporting the co-occurrence of malaria and fila-

riasis in five electronic databases (Embase, PubMed, Scopus, Medline, and CENTRAL)

from inception to May 22, 2022. We estimated the pooled prevalence and probability of

malaria and filariasis co-infections among study participants using random-effects meta-

analyses and synthesized the characteristics of patients with co-infections narratively.

Results

We identified 951 articles, 24 of which (96,838 participants) met eligibility criteria and were

included in the systematic review. Results of the meta-analysis showed a pooled prevalence

of malaria and filariasis co-infections among participants of 11%. The prevalence of co-

infections was 2.3% in Africa, 0.2% in Asia, and 1.6% in South America. The pooled preva-

lences of malaria and Wuchereria bancrofti, malaria and Loa loa, malaria and Mansonella

perstans co-infections were 0.7%, 1.2%, and 1.0%, respectively. The meta-analysis results

showed that the co-infections between two parasites occurred by probability (P = 0.001).

Patients with co-infections were at increased risk of having an enlarged spleen, a lower rate

of severe anemia, lower parasite density, and more asymptomatic clinical status. Patients

with co-infections had decreased levels of C-X-C motif chemokine 5, tumor necrosis factor–

α, interleukin-4, c4 complement, and interleukin-10. In addition, patients with co-infections
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had a lower interleukin-10/tumor necrosis factor–α ratio and higher interleukin-10/interleu-

kin-6 ratio.

Conclusion

The present study showed that the prevalence of malaria and filariasis co-infections was low

and varied between geographical areas in the selected articles. Co-infections tended to

occur with a low probability. Further studies investigating the outcomes and characteristics

of co-infections are needed.

Author summary

Malaria is caused by the bite of Anopheles mosquitoes infected with the protozoan genus

Plasmodium species. Filariasis is caused by the infections of filarial nematode diseases,

including lymphatic filariasis, mansonellosis, and loiasis through the bite of Anopheles
and other vectors. We searched and synthesized the literatures reporting the co-occur-

rence of malaria and filariasis. We found that the overall prevalence of malaria and filaria-

sis co-infections among participants of 11%. The prevalence of co-infections was 2.3% in

Africa, 0.2% in Asia, and 1.6% in South America. The overall prevalences of malaria and

lymphatic filariasis, malaria and loiasis, malaria and mansonellosis co-infections were

0.7%, 1.2%, and 1.0%, respectively. The co-infections between two parasites occurred by

probability. Patients with co-infections of both diseases were at increased risk of having

an enlarged spleen, a lower rate of severe anemia, lower parasite density, and more asymp-

tomatic clinical status. In addition, patients with co-infections showed alterations of cyto-

kine and chemokine levels such as C-X-C motif chemokine 5, tumor necrosis factor–α,

interleukin-4, c4 complement, interleukin-6, and interleukin-10.

Introduction

Malaria is a disease caused by the protozoa genus Plasmodium species, including P. falciparum,

P. vivax, P. ovale curtisi, P. ovale wallikeri, P. malariae, and P. knowlesi [1]. According to

World Health Organization reports in 2022, there were an estimated 241 million malaria cases

and 627,000 deaths in 2020 [2]. Filarial nematode diseases, including lymphatic filariasis

(caused by Wuchereria bancrofti), onchocerciasis (caused by Onchocerca volvulus), and loiasis

(caused by Loa loa) are the most common filarial infections in sub-Saharan Africa [3–5]. In

addition to Wuchereria bancrofti, lymphatic filariasis can be caused by Brugia malayi and Bru-
gia timori in a lesser proportion [6]. Approximately 51 million people in Africa, southeast

Asia, the Pacific, the Caribbean, South America, and the Middle East were infected with lym-

phatic filariasis [7,8]; in addition, more than 29 million people are at risk of contracting loiasis

in Central and West Africa [9]. Another filarial parasite, Mansonella perstans, is the cause of

Mansonellosis, and most patients infected with M. perstans have been reported to be asymp-

tomatic, unlike those with loiasis [10].

Malaria and filariasis are significant vector-borne diseases that are co-endemic in the same

human populations. The common vectors are Anopheles gambiae, An. arabiensis, An. merus,
An. merus, An. funestus in Afroca; An. philippinensis and An. barbirostris in India and Bangla-

desh; An. leucosphyrus, An. barbirostris, An. donaldi, An. letifer, An. whartoni, An. macualtus,
An. campestris in Malaysia; An. minimus in the Philippines; An. balabacensis in Indonesia; An.
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farauti and An. punctulatus in Papua New Guinea; An. koriensis in the Solomon Islands; An.

darlingi and An. aquasalis in South America; and An. sinensis in China and Korea [11]. Conse-

quently, residents of regions such as Africa and Asia, where both malaria and filariasis are

endemic, continue to be at risk of contracting and experiencing morbidity associated with

both diseases. The World Health Organization is currently implementing integrated vector

management targeted at these vectors to reduce pathogen transmission and hence reduce dis-

ease burden [12]. To date, there is no available evidence-based information on the prevalence

of concurrent infections of the two diseases in human populations. It is more likely that the

control of either malaria or filaria parasitemia would reduce the number of mosquitoes carry-

ing the pathogens as well as the transmission of infectious diseases [13]. Because co-infection

and interaction phenomena in human populations are complex, it is necessary to comprehend

co-infection status and their characteristics. To obtain information on the occurrence, distri-

bution, and prevalence of co-infections of the two diseases, and to collect baseline data on

which efforts toward designation and implementation of an integrated control strategy may be

based, the present study aimed to collate the evidence and characteristics of malaria and filaria-

sis co-infections in participants among studies reporting the co-occurrence of both diseases.

Methods

Protocol and registration

The systematic review protocol was registered at PROSPERO (registration No.

CRD42022334494). The results of the systematic review and meta-analysis followed the Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement

[14].

Research questions

The systematic review question followed the PICO (Participant, Intervention, Comparator,

Outcome) question. P included participants who were enrolled in the studies for testing

malaria and filariasis parasites by any method, I was not applied, C was not applied, and O was

the prevalence of co-infections.

Search strategy

We searched five electronic databases (Embase, PubMed, Scopus, Medline, and CENTRAL)

for peer-reviewed articles published between January 1, 1898, and May 22, 2022, in the English

language. An additional search was performed in Google Scholar. The search strategy used the

following key terms and their appropriate synonyms: (1) malaria, AND (2) filariasis, AND (3)

(coinfect� OR coinfect-infect� OR concurent� OR mix� OR co-occur� OR coincident OR coin-

cidental OR coinciding OR cooccur� OR simultaneous). For searching in PubMed, we used

Medical Subject Heading terms to help search with key terms to retrieve potentially relevant

studies. S1 Table shows the complete search strategy and filter for each database. Synonyms of

each key term were identified from the Medical Subject Heading. Relevant studies were also

searched in the reference lists of the included studies and Google Scholar.

Eligibility criteria

We included primary observational studies (prospective or retrospective) and cross-sectional

studies to examine the pooled prevalence of malaria and filariasis co-infections among

enrolled human participants. In addition, we included cohort and case-control studies to iden-

tify the difference in characteristics between co-infections and malaria/filariasis
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monoinfection. Malaria is diagnosed by microscopy, rapid diagnostic test (RDT), or molecular

methods. Filariasis is diagnosed by direct microscopy, leukoconcentration, circulating filarial

antigen (RDT), or molecular methods. A patient was considered to have concomitant infec-

tions of malaria and filariasis if positive for both malaria and filaria parasites by the above tests.

We excluded studies without full-text (i.e., full texts were unavailable for evaluation by the

authors as a limitation on the access to the full texts), review articles (without original data of

co-infections); case reports; mosquito studies; studies reporting malaria intervention mea-

sures, vector co-infections, transmission dynamics, or the development of techniques for

malaria/filariasis identifications; studies from which we were unable to extract the data of co-

infections; studies with spatial statistics demonstrating co-infections; in vivo or in vivo studies;

studies conducted by the same authors with overlapping participants; and conference

abstracts.

Study selection and data extraction

Two review authors (M.K., K.U.K.) independently performed the study selections. All titles

and abstracts, followed by the full texts of potentially relevant studies, were screened, and rele-

vant studies were included for full-text screening against eligibility criteria. Discrepancies

between the two review authors during the study selection process were resolved by discussion

to reach a consensus. Two reviewer authors (M.K., K.U.K.) extracted the following data into a

Microsoft Excel spreadsheet (Microsoft Corporation, Redmond, WA, USA): names of the first

authors, publication year, study sites, time for conducting the study, study design, number and

characteristics of participants, number and characteristics of patients with co-infections,

malaria and filariasis parasites, characteristics of co-infections, and diagnostic method for

malaria and filariasis parasites.

Quality assessment

Two review authors (M.K., K.U.K.) assessed the quality of all included studies using the critical

appraisal tools of the Joanna Briggs Institute (JBI) [15]. The JBI tools for prevalence and analyt-

ical cross-sectional studies assess the quality of observational and cross-sectional studies. We

used the JBI tools for case-control and cohort studies to determine the quality of those study

designs. The quality of the included studies was rated using the percentile as described previ-

ously [16,17].

Data synthesis

We estimated the pooled prevalence and probability of malaria and filariasis co-infections

among participants included in the studies using random-effects meta-analyses by DerSimo-

nian and Laird [18]. The remaining studies, including case-control, cohort studies, and obser-

vational studies that could not be included for quantitative synthesis,. were synthesized

narratively. We used forest plots to display (1) the prevalence estimates and odds ratio (OR) of

each study, (2) the pooled prevalence estimate and pooled OR from all studies, (3) estimated

statistical heterogeneity (I2), (4) the weight of each study, and (5) the number of cases for

meta-analysis of the pooled prevalence. To identify the possible source(s) of heterogeneity of

the pooled prevalence, we conducted subgroup analyses using study area, study design, partici-

pants, febrile conditions, age groups, diagnostic methods for malaria, and diagnostic methods

for filariasis. Publication bias was assessed by visualizing the funnel plot asymmetry, Egger’s

test, and the contour-enhanced funnel plot. STATA 14.2 was used for all statistical analyses

(StataCorp, College Station, TX, USA).
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Results

Search results

A total of 951 articles were identified through database searching: 331 from Embase, 268 from

PubMed, 182 from Scopus, 135 from Medline, and 35 from CENTRAL. After 352 duplicates

were removed, 599 articles were screened for titles and abstracts. Then, the remaining 465 arti-

cles were excluded due to nonrelevant studies. The remaining 136 articles from five databases

and eight relevant articles identified from Google Scholar were assessed for eligibility. A total

of 118 full-text articles were excluded, with reasons: 15 without full texts, 13 review articles, 12

with no co-infected cases, 11 with only filariasis infections, 10 mosquito studies, 8 with only

malaria infection, 6 antibody responses to malaria/filariasis infection, 6 case reports, 6 malaria

intervention measures, 5 co-infections in vectors, 4 transmission dynamics, 4 developing tech-

niques for malaria/filariasis identifications, 4 from which we were unable to extract the data of

co-infections, 4 spatial statistics demonstrating co-infections, 3 with no malaria or filariasis

case, 2 in vivo studies, 2 studies conducted by the same authors with overlapping participants,

1 knowledge/attitudes/perceptions, 1 in vitro study, and 1 conference abstract. The 24 articles

that met the eligibility criteria were included in the systematic review (Fig 1).

Characteristics of the included studies

Table 1 shows the characteristics of the included studies. The included studies were published

between 1990 and 2022 and included cross-sectional studies (15, 62.6%), prospective observa-

tional studies (4, 16.7%), retrospective observational studies (2, 8.33%), cohort studies (2,

8.33%), and a (1, 4.17%) case-control study. The included studies were conducted in Africa

(17, 70.8%), Asia (5, 20.8%), Europe (1, 4.17%), and South America (1, 4.17%; Fig 2). The

included studies enrolled participants in communities (15, 62.5%), participants in hospitals/

clinics (4, 16.7%), malaria-positive patients (2, 8.33%), malaria- and filariasis-positive patients

(1, 4.17%), patients with HIV and filariasis (1, 4.17%), and imported malaria from sub-Saharan

Africa (1, 4.17%). Most of the included studies enrolled participants of all ages (17, 70.8%).

Most of the included studies used the microscopic method to identify malaria (14, 58.3%) and

filariasis (9, 37.5%). S2 Table shows the details of the included studies.

Quality of the included studies

One cohort study was of high quality [19], and another was of moderate quality [20] because

of the unclear follow-up time, lack of description of the loss to follow-up, and lack of strategies

to address incomplete follow-up. One case-control study [21] was of moderate quality because

it did not identify or mention the confounding factors and it lacked information on the expo-

sure period of interest. Ten cross-sectional studies were of high quality; meanwhile, others

were of moderate quality. All prospective and retrospective observational studies were of high

quality. All studies were included in the systematic review (S3 Table).

Prevalence of malaria and filariasis co-infections among selected studies

We estimated the pooled prevalence of malaria and filariasis co-infections among participants

using the data available from 17 studies [22–38]. Results of the meta-analysis showed that the

pooled prevalence of malaria and filariasis co-infections among participants was 11% (95%

confidence interval (CI): 8%–13%, I2, 96.7%, 17 studies; Fig 3). The highest prevalence was

demonstrated by the study conducted in Tanzania (14%, 95% CI: 11.4%–17.1%) [33], whereas

the lowest prevalence was demonstrated by studies conducted in India (0.1%, 95% CI: 0%–

0.2%) [22] and in Burkina Faso (0.1%, 95% CI: 0%–0.4%) [27].
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Fig 1. Study flow diagram.

https://doi.org/10.1371/journal.pntd.0010857.g001
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Table 2 shows the results of the subgroup analyses. Subgroup analysis of continents demon-

strated that the prevalence of co-infections was 2.3% in Africa (95% CI: 1.6–2.9, I2: 96.8%, 12

studies), 0.2% in Asia (95% CI: 0–0.3, I2: 89.7%, 4 studies), and 1.6% in South America (95%

CI: 1.0–2.4, 1 study). Subgroup analysis of the study designs demonstrated that the prevalence

of co-infections among participants enrolled in cross-sectional, prospective observational, and

retrospective observational studies was 1.5% (95% CI: 1.1–2.0, I2: 97%, 14 studies), 0.1% (95%

Table 1. Characteristics of 24 studies included in the study.

Characteristics N. %

Study designs

Cross-sectional studies 15 62.6

Prospective observational studies 4 16.7

Retrospective observational studies 2 8.33

Cohort studies 2 8.33

Case-control study 1 4.17

Study areas

Africa 17 70.8

Asia 5 20.8

South America 1 4.17

Europe (imported malaria) 1 4.17

Participants

Participants in communities 15 62.5

Participants in hospitals/clinics 4 16.7

Malaria-positive patients 2 8.33

Malaria and filariasis-positive patients 1 4.17

HIV and filariasis patients 1 4.17

Imported malaria from sub-Saharan Africa 1 4.17

Age groups

All age groups 17 70.8

Children 4 16.7

Adults 3 12.5

Methods for identifying malaria

Microscopy 14 58.3

Molecular method 3 12.5

Microscopy/RDT 2 8.33

RDT/molecular method 2 8.33

Microscopy/PfHRP2 ELISA 1 4.17

Microscopy/molecular method 1 4.17

Microscopy/RDT/molecular method 1 4.17

Methods for identifying filariasis

Microscopy 9 37.5

Molecular method 4 16.7

Microscopy/RDT 4 16.7

RDT 3 12.5

Direct microscopy/Leukoconcentration technique 2 8.33

Microscopy for M. perstans, ELISA for W. bancrofti 1 4.17

Not specified 1 4.17

Abbreviation: ELISA- enzyme-linked immunosorbent assay; HIV- Human immunodeficiency virus; RDT- rapid

diagnostic test

https://doi.org/10.1371/journal.pntd.0010857.t001
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CI: 0–0.1, I2: 99.8%, 2 studies), and 2.3% (95% CI: 1.3–1.0, 1 study), respectively. Subgroup

analysis of participants demonstrated that the prevalence of co-infections among participants

in communities and participants in hospitals/clinics was 1.6% (95% CI: 1.2–2.1, I2: 97.2%, 13

studies) and 1.0% (95% CI: 0.1–1.9, I2: 91.1%, 4 studies), respectively. Subgroup analysis of

febrile conditions demonstrated that the prevalence of co-infections among febrile, both

febrile and afebrile, and not specified for febrile conditions was 0.2% (95% CI: 0–0.3, I2: 91.6%,

3 studies), 1.0% (95% CI: 0.3–1.6, I2: 65.9%, 3 studies), and 2.6% (95% CI: 1.8–3.3, I2: 97.2%, 11

studies), respectively. Subgroup analysis of age groups demonstrated that the prevalence of co-

infections among studies enrolling participants of all age groups and only children was 0.8%

(95% CI: 0.5–1.0, I2: 95.4%, 14 studies) and 5.5% (95% CI: 1.0–10.0, I2: 97.6%, 3 studies),

respectively. Subgroup analysis of diagnostic methods used for malaria demonstrated that the

prevalence of co-infections among studies that used the microscopic method, molecular

method, microscopy/RDT, RDT/molecular method, and microscopy/molecular method was

1.2% (95% CI: 0.7–1.7, I2: 96.6%, 9 studies), 5.1% (95% CI: 0–10.8, I2: 98.5%, 3 studies), 0.1%

(95% CI: 0–0.1, I2: 99.3%, 2 studies), 0.8% (95% CI: 0.6–0.9, I2: 99.3%, 2 studies), and 2.9%

(95% CI: 1.4–5.9, 1 study), respectively. Subgroup analysis of diagnostic methods for filariasis

Fig 2. Geographic distribution of malaria and filariasis co-infections. The crimson color indicated countries where co-infections were reported.

https://doi.org/10.1371/journal.pntd.0010857.g002

PLOS NEGLECTED TROPICAL DISEASES Malaria and filariasis co-infections

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010857 October 21, 2022 8 / 22

https://doi.org/10.1371/journal.pntd.0010857.g002
https://doi.org/10.1371/journal.pntd.0010857


parasites demonstrated that the prevalence of co-infections among studies that used micro-

scopic method, molecular method, direct microscopy/leukoconcentration technique, RDT,

and microscopy/RDT was 0.3% (95% CI: 0.1–0.4, I2: 87.1%, 8 studies), 4.0% (95% CI: 1.5–6.5,

I2: 97.8%, 4 studies), 2.9% (95% CI: 1.4–5.9, 1 study), 0.9% (95% CI: 0.7–1.0, I2: 99.3%, 2 stud-

ies), and 3.6% (95% CI: 2.5–4.6, I2: 99.3%, 2 studies), respectively.

Prevalence of malaria and Wuchereria bancrofti co-infections among

selected studies

The pooled prevalence of malaria and W. bancrofti co-infections among participants was esti-

mated using the data available from 11 studies [22,23,25,27,29,31,33–37]. The results of the

meta-analysis showed that the pooled prevalence of malaria and W. bancrofti co-infections

among participants was 0.7% (95% CI: 0.4%–0.9%, I2, 96.3%, 11 studies; Fig 4). The highest

prevalence was demonstrated by the study conducted in Tanzania (14%, 95% CI: 11.4%–

17.1%) [33], whereas the lowest prevalence was demonstrated by the study conducted in India

(0.1%, 95% CI: 0%–0.2%) [22].

Fig 3. Pooled prevalence of malaria and filariasis co-infection among selected studies. Abbreviations: ES- prevalence estimate; CI- confidence interval.

https://doi.org/10.1371/journal.pntd.0010857.g003
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Results of subgroup analyses are shown in Table 3. Subgroup analysis of continents demon-

strated that the prevalence of malaria and W. bancrofti co-infections among studies conducted

in Africa, Asia, and South America were 1.7% (95% CI: 0.9–2.4, I2: 97%, 6 studies), 0.2% (95%

CI: 0–0.3, I2: 89.7%, 4 studies), and 1.6% (95% CI: 1.0%–2.4%, 1 study), respectively. Subgroup

analysis of study designs demonstrated that the prevalence of malaria and W. bancrofti co-

infections among participants enrolled in cross-sectional and prospective observational studies

was 1.0% (95% CI: 0.5–1.4, I2: 96.6%, 9 studies) and 0.1% (95% CI: 0–0.1, I2: 96.3%, 2 studies),

respectively. Subgroup analysis of study designs demonstrated that the prevalence of malaria

and W. bancrofti co-infections among studies that enrolled participants in communities and

hospitals/clinics were 1.0% (95% CI: 0.5–1.4, I2: 96.6%, 9 studies) and 0.1% (95% CI: 0–0.1, I2:

96.3%, 2 studies), respectively. Subgroup analysis of febrile conditions demonstrated that the

prevalence of malaria and W. bancrofti co-infections among studies that enrolled specified and

nonspecified febrile conditions were not specified was 0.2% (95% CI: 0–0.3, I2: 91.6%, 3

Table 2. Subgroup analyses of the prevalence of malaria and filariasis co-infections among selected studies.

Subgroup Prevalence estimate (%) 95% CI (%) I2 Number of studies

Continents

Africa 2.3 1.6–2.9 96.8 12

Asia 0.2 0–0.3 89.7 4

South America 1.6 1.0–2.4 NA 1

Study design

Cross-sectional study 1.5 1.1–2.0 97 14

Prospective observational studies 0.1 0–0.1 99.8 2

Retrospective observational studies 2.3 1.3–4.0 NA 1

Participants

Participants in communities 1.6 1.2–2.1 97.2 13

Participants in hospitals/clinics 1.0 0.1–1.9 91.1 4

Febrile conditions

Febrile 0.2 0–0.3 91.6 3

Febrile and afebrile 1.0 0.3–1.6 65.9 3

Not specified 2.6 1.8–3.3 97.2 11

Age groups

All age groups 0.8 0.5–1.0 95.4 14

Children 5.5 1.0–10.0 97.6 3

Adults NA NA NA NA

Diagnostic methods for malaria

Microscopy 1.2 0.7–1.7 96.6 9

Molecular method 5.1 0–10.8 98.5 3

Microscopy/RDT 0.1 0–0.1 99.3 2

RDT/molecular method 0.8 0.6–0.9 99.3 2

Microscopy/molecular method 2.9 1.4–5.9 NA 1

Diagnostic methods for filariasis

Microscopy 0.3 0.1–0.4 87.1 8

Molecular method 4.0 1.5–6.5 97.8 4

Direct microscopy/Leukoconcentration technique 2.9 1.4–5.9 NA 1

RDT 0.9 0.7–1.0 99.3 2

Microscopy/RDT 3.6 2.5–4.6 99.3 2

Abbreviation: CI- confidence interval; NA- not assessed; RDT- rapid diagnostic test

https://doi.org/10.1371/journal.pntd.0010857.t002
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studies) and 1.5% (95% CI: 0.9–2.1, I2: 96.3%, 8 studies), respectively. Subgroup analysis of age

groups demonstrated that the prevalence of malaria and W. bancrofti co-infections among

studies with participants of all age groups and those with children only was 0.3% (95% CI: 0.2–

0.5, I2: 89.8%, 9 studies) and 1.2% (95% CI: 1.0–1.4, I2: 98.7%, 2 studies), respectively. Sub-

group analysis of diagnostic methods for malaria demonstrated that the prevalence of malaria

and W. bancrofti co-infections among studies that used the microscopic, microscopy/RDT,

and RDT/molecular methods was 1.2% (95% CI: 0.7–1.7, I2: 96.6%, 9 studies), 0.1% (95% CI:

0–0.2, 1 study), and 0.6% (95% CI: 0.4–0.8, 1 study), respectively. Subgroup analysis of the

diagnostic methods for filariasis parasites demonstrated that the prevalence of co-infections

among studies that used the microscopic, RDT, and microscopy/RDT methods was 0.2% (95%

CI: 0.1–0.4, I2: 88%, 7 studies), 0.9% (95% CI: 0.7–1.0, I2: 98%, 2 studies), and 3.6% (95% CI:

2.5–4.6, I2: 98%, 2 studies), respectively.

Prevalence of malaria and L. loa co-infections among selected studies

The pooled prevalence of malaria and L. loa co-infections among participants was estimated

using the data available from five studies [24,26,28,32,38]. The results of the meta-analysis

showed that participants’ pooled prevalence of malaria and L. loa co-infections was 1.2% (95%

CI: 0.5%–1.9%, I2, 84%, 5 studies; Fig 5). The highest prevalence was demonstrated by the

study conducted in Cameroon (2.7%, 95% CI: 1.9%–3.8%) [28], whereas the lowest prevalence

Fig 4. The prevalence of malaria and Wuchereria bancrofti co-infections among selected studies. Abbreviations: ES- prevalence estimate; CI:- confidence interval.

https://doi.org/10.1371/journal.pntd.0010857.g004
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was demonstrated by the study conducted in Equatorial Guinea (0.4%, 95% CI: 0.2%–0.7%)

[38].

Prevalence of malaria and M. perstans co-infections among selected studies

We estimated the pooled prevalence of malaria and M. perstans co-infections among partici-

pants using the data available from four studies [24,30,32,38]. The results of the meta-analysis

showed that the pooled prevalence of malaria and M. perstans co-infections among partici-

pants was 1.0% (95% CI: 0.7%–1.2%, I2: 0%, 4 studies; Fig 6). The highest prevalence was dem-

onstrated by the study conducted in Gabon (1.2%, 95% CI: 0.5%–2.5%) [24], whereas the

lowest prevalence was demonstrated by the study conducted in Côte d’Ivoire (0.6%, 95% CI:

0.3%–1.5%) [30].

Probability of co-infections among selected studies

The probability of malaria and filariasis co-infections was estimated using the data available

from 16 studies [22–25,27–38]. The results of the meta-analysis showed that the co-infections

between the two parasites occurred by probability (P = 0.001, OR: 0.34, 95% CI: 0.19–0.62, I2:

95.7%, 16 studies; Fig 7).

Subgroup analysis of the probability of co-infections demonstrated that the likelihood of

co-infections (P< 0.05) depended on continents, study design, participants, febrile conditions,

Table 3. Subgroup analyses of the prevalence of malaria and Wuchereria bancrofti co-infections among selected studies.

Subgroup Prevalence estimate (%) 95% CI (%) I2 Number of studies

Continents

Africa 1.7 0.9–2.4 97.0 6

Asia 0.2 0–0.3 89.7 4

South America 1.6 1.0–2.4 NA 1

Study design

Cross-sectional studies 1.0 0.5–1.4 96.6 9

Prospective observational studies 0.1 0–0.1 96.3 2

Participants

Participants in communities 1.0 0.5–1.4 96.6 9

Participants in hospitals/clinics 0.1 0–0.1 96.3 2

Febrile conditions

Febrile 0.2 0–0.3 91.6 3

Not specified 1.5 0.9–2.1 96.3 8

Age groups

All age groups 0.3 0.2–0.5 89.8 9

Children 1.2 1.0–1.4 98.7 2

Diagnostic methods for malaria

Microscopy 1.2 0.7–1.7 96.6 9

Microscopy/RDT 0.1 0–0.2 NA 1

RDT/molecular method 0.6 0.4–0.8 NA 1

Diagnostic methods for filariasis

Microscopy 0.2 0.1–0.4 88.0 7

RDT 0.9 0.7–1.0 98.0 2

Microscopy/RDT 3.6 2.5–4.6 98.0 2

Abbreviation: CI- confidence interval; NA- not assessed; RDT- rapid diagnostic test

https://doi.org/10.1371/journal.pntd.0010857.t003
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age groups, diagnostic methods for malaria, and diagnostic methods for filariasis (Table 4).

The probability of co-infections was low in all subgroup analyses (OR< 1).

Characteristics of co-infections among selected studies

Eight studies reported the characteristics of co-infections of malaria and filariasis co-infections

[19–21,26,32,33,39,40]. Four of the eight studies (50%) compared the cytokine levels between

co-infections and malaria monoinfection. Che et al. [26] enrolled febrile and afebrile partici-

pants in communities of Cameroon. They demonstrated that malaria and L. loa co-infections

had decreased levels of C-X-C motif chemokine 5 (CXCL5) and comparable levels of CX3CL1,

CXCL7, CXCL9, CXCL11, and CCL28 compared with malaria monoinfection. Olaniyan et al.

[21] conducted a case-control study in Nigeria. They showed significantly lower plasma tumor

necrosis factor–α, interleukin (IL)–4, and C4 levels in patients with co-infections compared

with those with malaria monoinfection. M’bondoukwé et al. conducted a study in Gabon [32]

and found that IL-10 was lower in patients with co-infections (median 224.5 pg/mL) compared

with those who had malaria monoinfection (median 18.1 pg/mL). The IL-10/tumor necrosis

factor–α ratio was also lower in patients with co-infections (10-fold) compared with those who

had malaria monoinfection (30-fold). The IL-10/IL-6 ratio tended to be higher in patients with

co-infections (twofold) compared with malaria monoinfection. Similarly, patients with co-

infections had higher frequencies of CD4+ T cells producing IL-17A, IL-10, and IL-4 [20].

Four of the eight studies (50%) reported differences in clinical and laboratory characteris-

tics between patients with co-infections and those with malaria monoinfection. Dolo et al. [19]

Fig 5. The prevalence of malaria and L. loa co-infections among selected studies. Abbreviations: ES- prevalence estimate; CI- confidence interval.

https://doi.org/10.1371/journal.pntd.0010857.g005
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performed a cohort study in Mali and reported no significant difference between filariasis-pos-

itive and filariasis-negative groups in the rate of clinical malaria. Mboera et al. [33], in a study

that enrolled school children in Tanzania, showed a significantly higher parasite density

among children with co-infections compared with those with monoinfection. In addition,

there was an increased risk of having an enlarged spleen (4.6-fold) among children with co-

infections. Moutongo Mouandza et al. [39] showed that patients with co-infections had a

lower rate of severe anemia (44.4%) as compared with those with malaria monoinfection

(69.5%). Treeprasertsuk et al. [40] reported that all patients with co-infections in Thailand

were asymptomatic for filariasis and responded well to treatment.

Publication bias

We assessed the publication bias of the probability of co-infections by visualizing the funnel plot

asymmetry and using Egger’s test. The funnel plot demonstrated the asymmetrical distribution of

the effect estimate from the middle line (pooled OR; Fig 8). The Egger’s test showed no small-study

effect (P< 0.455). The contour-enhanced funnel plot demonstrated that the effect estimates were in

both significant and nonsignificant areas (Fig 9). Therefore, the asymmetry of the funnel plot might

be caused by the heterogeneity of the probability of co-infections rather than publication bias.

Discussion

In this study, we found that the participant-pooled prevalence of malaria and filariasis co-

infections was very low at 0.7%. Nevertheless, the prevalence of this co-infection varied with

Fig 6. Prevalence of malaria and M. perstans co-infections among selected studies. Abbreviations: ES- prevalence estimate; CI-: confidence interval.

https://doi.org/10.1371/journal.pntd.0010857.g006
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several factors, such as geographical location, study design, participants, febrile condition, age

group, diagnostic method for malaria or filariasis, and different filarial parasites. Therefore, it

is postulated that the rate of malaria and filariasis co-infections may be higher in areas where

both diseases are highly endemic. This hypothesis was supported by the subgroup analysis,

which demonstrated a higher prevalence of co-infections in Africa (2.2%) than in Asia (0.2%).

The highest prevalence of co-infections by country included Cameroon (12.7%) [28], India

(13.1%) [35], and Tanzania (14%). M. perstans (76%), L. loa (39%), and P. falciparum (33%)

co-infection was reported in Cameroon. Another study in Tanzania that demonstrated the

highest rate of co-infections (14%) suggested that the co-infections were caused by the avail-

ability of the mosquito vectors in the area, including An. gambiae and An. funestus. Therefore,

the prevalence of malaria and filariasis co-infections might be high according to the high prev-

alence of both diseases with the abundance of the vectors in the same area.

The meta-analysis of the prevalence of co-infection by filarial parasites showed that the

pooled prevalence of malaria and W. bancrofti co-infections among participants was similar to

the overall prevalence of co-infections (0.7%). However, a higher prevalence of co-infections

Fig 7. The odds of malaria and filariasis co-infections among selected studies. Abbreviations: OR- odds ratio; CI- confidence interval.

https://doi.org/10.1371/journal.pntd.0010857.g007
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was reported with M. perstans (1.0%) and L. loa co-infections (1.2%). The low prevalence of

malaria and W. bancrofti co-infections could be attributed to the difficulty in detecting W.

bancrofti in blood smear because of its nocturnal subperiodic nature of circulation, particularly

in low parasitemia [22]. In addition, most cases of Bancroftian filariasis were asymptomatic

[41]; therefore, the exact prevalence of the co-infection might be higher than previously

observed. A previous study showed that M. perstans was often asymptomatic and was detected

in only febrile patients; meanwhile, L. loa was present more often in both febrile and afebrile

individuals [24].

The distribution of concomitant infections may be attributable to differences in behavior

and occupation between age groups. In their study, Bisanzio et al. found that filariasis and

hookworms mostly affected adults, but malaria, schistosomiasis, and Trichuris mostly affected

patients aged 8 to 16 years [23]. This finding is similar to another study that reported that co-

infection was less prevalent among those aged 0 to 9 years [25]. Adults aged between 30 and 49

years are more likely to work outdoors than indoors, and potent vectors for both malaria or

Table 4. Subgroup analysis of the probability of co-infections among selected studies.

Subgroup P value Odds ratio 95% CI (%) I2 Number of studies

Continents

Africa < 0.001 0.25 0.14–0.45 94.0 11

Asia 0.074 0.35 0.11–1.11 87.9 4

South America NA 10.7 5.60–20.3 NA 1

Study design

Cross-sectional studies < 0.001 0.22 0.13–0.39 94.8 13

Prospective observational studies 0.755 3.61 0.41–31.6 93.4 2

Retrospective observational studies 0.246 1.17 0.43–3.18 NA 1

Participants

Participants in communities < 0.001 0.27 0.16–0.47 94.5 12

Participants in hospitals/clinics 0.800 0.72 0.05–9.50 97 4

Febrile conditions

Febrile 0.340 2.23 0.43–11.5 95.9 3

Febrile and afebrile 0.360 0.14 0–9–03 96.8 2

Not specified < 0.001 0.24 0.14–0.42 93 11

Age groups

All age groups 0.007 0.39 0.20–0.77 94.8 13

Children 0.095 0.21 0.03–1.32 97.4 3

Diagnostic methods for malaria

Microscopy 0.027 0.34 0.13–0.89 96.8 9

Molecular method 0.092 0.20 0.03–1.31 94.3 3

Microscopy/RDT 0.743 1.17 0.47–2.91 NA 1

RDT/molecular method 0.224 0.33 0.06–1.97 98.1 2

Microscopy/molecular method 0.101 0.49 0.20–1.15 NA 1

Diagnostic methods for filariasis

Microscopy 0.410 0.63 0.21–1.90 92.7 7

Molecular method 0.029 0.30 0.10–0.88 94.3 4

Direct microscopy/Leukoconcentration technique 0.101 0.49 0.20–1.15 NA 1

RDT < 0.001 0.21 0.09–0.47 94.3 2

Microscopy/RDT 0.053 0.09 0–1.04 96 2

Abbreviation: CI- confidence interval; NA- not assessed; RDT- rapid diagnostic test

https://doi.org/10.1371/journal.pntd.0010857.t004
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Fig 8. The funnel plot demonstrated the asymmetrical distribution of the effect estimate from the middle line

(pooled OR). Abbreviations: OR- odds ratio.

https://doi.org/10.1371/journal.pntd.0010857.g008

Fig 9. The contour-enhanced funnel plot demonstrated that the effect estimates were in both significant (P< 1%,

1%< P< 5%) and non-significant areas (5%< P< 10%, P> 10%).

https://doi.org/10.1371/journal.pntd.0010857.g009
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filariasis may be more exophily, which might potentiate increased vector–human contact and

increase transmission among this age group. Similarly, males tend to acquire concomitant

infections more often than females do, because males are at risk of mosquito bites while work-

ing outdoors, such as in mines and during other forest-related work, whereas females are more

likely to work indoors [25].

Co-infections in malaria and other parasites were reported previously and occurred by

chance in varied geographic regions [42]. The present study also found that co-infections of

malaria and filariasis occurred by probability. It is known that the major Anopheles species can

transmit both malaria and filariasis [11], but the distribution of these vectors vary by different

geographical locations. In Africa, An. gambiae, An. arabiensis, An. merus, An. merus, and An.

funestus are the major Anopheles species that transmit malaria and filariasis. However, An. phi-
lippinensis and An. barbirostris are the main vectors for malaria and filariasis in India and Ban-

gladesh [11]. There were reports about concomitant infections of the two parasites in the

vector, but they occurred coincidentally and were rare [34,43,44]. The lower likelihood of co-

infections suggested by meta-analysis may be attributable to the activation of the phenoloxi-

dase cascade in response to microfilariae in the hemolymph, which can also be used against

oocysts in the midgut [45]. Another reason was the existence of the degree of interspecies com-

petition between two parasites to dominate the other within the vector or human host [46].

Therefore, it is possible that the reduced probability of malaria and filariasis co-infections was

due to the low prevalence of both parasites [34,46]. In addition, mosquitoes harboring low

microfilariae densities might survive longer and increase their chances of ingesting malaria

parasites [47]. Muturi et al. reported a significantly higher rate of sporozoites in An. gambiae
infected with Wuchereria than in noninfected mosquitoes, indicating that W. bancrofti infec-

tion may increase mosquito susceptibility to P. falciparum infection [34]. Another review

explained that Anopheles species had higher P. falciparum infection rates than those of W. ban-
crofti and thus described the more extended latent period of W. bancrofti in the vector [48].

As for our qualitative synthesis, distinct clinical characteristics of patients with co-infections

compared with those with malaria monoinfection were at increased risk of having an enlarged

spleen, lower rate of severe anemia, and more likely to be asymptomatic. Moutongo Mouandza

et al. suggested that co-infections may protect patients from anemia by reducing the contribu-

tion of the inflammatory immune response [39]. Distinct laboratory data included a higher par-

asite density in patients with co-infections than in those with malaria monoinfection. Ghosh

et al. showed that the density of P. falciparum parasite was lower in those with co-infection than

in those without filariasis [31], and Muturi et al. suggested that filarial infections might protect

against the development of malaria [11]. Finally, there were distinct cytokine profiles in patients

with co-infections compared with those with malaria monoinfections. In vitro stimulations of

cytokine response suggested that patients with malaria concomitant with filarial infection may

lose protection against severe malaria [20]. However, because most studies included in the anal-

ysis included cross-sectional studies, it was difficult to deduce the above conclusion.

The present study had some limitations. First, the number of included studies was low;

however, the results of pooling data from these studies would help provide the current status

of the diseases and may indicate the interference of malaria on eliminating filariasis. Second,

the characteristics of malaria and filariasis co-infections were also limited because of the lim-

ited investigations of these parasites’ co-infection in the literature. Limitations on the details of

the cytokine levels in co-infections were based on one-off studies. Even though these are

important observations, it may not be prudent to generalize the cytokine expression levels in

co-infections based on these studies. In addition, the population size was greatly reduced and

insufficient for generalization, for example, for a continent. Third, there was heterogeneity in

the pooled prevalence and probability of co-infections among participants. Therefore, careful
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interpretation of the pooled prevalence of co-infections is recommended. Fourth, because pub-

lication bias among the studies included in the meta-analysis of co-infection was less likely, we

did not perform the trim-and-fill method to correct the pooled effect estimate.

Conclusion

The present study showed that the prevalence of malaria and filariasis co-infections was low

and varied between geographical areas in the selected articles. Co-infections tended to occur

with a low probability. Because few details on the characteristics of malaria and filariasis co-

infections have been reported in the literature, further studies investigating the outcomes and

characteristics of co-infections are needed if co-infections become a health problem.
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