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Abstract

Background: Tuberculosis and intestinal parasites are mostly affecting poor people. They are in a vicious since one
is the risk factor for the other. However, the comprehensive report on the burden and co-incidence of intestinal
parasites and tuberculosis in Ethiopia is scant. This systematic review and meta-analysis aimed to provide abridge
conclusive evidence on the intestinal parasite-tuberculosis co-infection in Ethiopia.

Methods: A total of 414 articles published in English were searched from both electronic databases (CINAHL, DOAJ,
Embase, Emcare, Medline, ProQuest, and PubMed, Science Direct, and Web of Science) and other sources. The
qualities of the included studies were assessed using the Joanna Briggs Institute Critical Appraisal tools and the
publication bias was measured using the funnel plot and Eggers regression test. Comprehensive meta-analysis
(CMA) Version 3.3.07 and Review Manager software were used to estimate pooled prevalence and associations of
intestinal parasites and tuberculosis infection.

Results: Eleven articles with a total of 3158 tuberculosis patients included in the analysis based on the eligibility
criteria. The estimated pooled prevalence of intestinal parasites co-infection was 33% (95% Cl: 23.3, 44.3) using the
random-effects model. The most common intestinal parasites were Ascaris lumbricoides 10.5% (95% Cl: 6.0, 17.5),
Hookworm 9.5% (95% Cl: 6.10, 14.4), Giardia lamblia 5.7% (95% Cl: 2.90, 10.9) and Strongyloides sterocoralis 5.6% (95%
Cl: 3.3, 9.5). The odds of intestinal parasites infection was higher among tuberculosis patients compared to
tuberculosis free individuals (OR = 1.76; 95% Cl: 1.17, 2.63). A significant difference was observed among TB patients
for infection with intestinal helminths (OR = 2.01; 95% Cl: 1.07, 3.80) but not for intestinal protozoans when
compared with their counterparts. The odds of multiple parasitic infections was higher among tuberculosis patients
(OR=12.59, 95% Cl: 1.90, 3.55) compared to tuberculosis free individuals. However, intestinal parasites co-infection
was not associated with HIV status among tuberculosis patients (OR =0.97; 95% Cl: 0.71, 1.32).

Conclusion: One-third of tuberculosis patients are co-infected with one or more intestinal parasites, and they are
more likely to be infected with intestinal helminths and multiple intestinal parasitic infections compared to TB free
individuals. We recommend routine screening of tuberculosis patients for intestinal parasites. The effect of mass
deworming on tuberculosis incidence would be important to be considered in future researches.

Trial registration: Registered on PROSPERO with reference number ID: CRD42019135350.
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Background

Tuberculosis (TB) is the leading cause of death among
infectious diseases. Globally, TB causes 10.0 million ill-
nesses and 1,451,000 deaths in 2018. Most of these cases
were reported from African and Asian countries [1].
Even though TB affects all countries, the problem is
worse in developing countries where the prevalence of
intestinal parasites and human immunodeficiency virus
(HIV) are higher [2]. Tuberculosis and intestinal para-
sites substantially share similar geographical settings [3,
4].

Intestinal parasites affect many people worldwide, but
higher in developing countries [5]. Different studies re-
ported the geographical overlap of both infections, espe-
cially in Sub-Saharan African countries [6]. Intestinal
parasites are reported as risk factors to develop TB [3,
5]. Specifically, helminths have immune-modulatory
mechanisms to live in a host for years [7, 8]. This modu-
lation shifts the immune system to sub divert to T-
helper cell (Th) 2 cytokines and causes the human host
to be susceptible to Mycobacterium tuberculosis infec-
tion [3, 4, 7]. Enhanced Thl immune response is im-
portant to protect against TB, while reduced Thl
cytokines and enhanced Th2 and T-regulatory (Treg)
are associated with TB susceptibility [9]. The risk of TB
is higher among helminths infected individuals through
affecting the host immunity to TB [3, 10]. Tuberculosis
patients harbor more intestinal parasites compared to
TB free individuals [3, 11, 12]. However, there are con-
troversies on the relation of intestinal parasites and TB
infection. In a study done by Neto et al. [5] in Brazil, the
findings neither show an association between helminthic
infection and a favorable TB outcome, nor between
parasitism and tuberculin skin test (TST) response.

Ethiopia is among countries being seriously affected by
both tuberculosis and intestinal parasites infections [12].
There were 151 estimated TB cases per 100,000 popula-
tions, where the country is included under high TB bur-
den countries [1]. Likewise, intestinal parasites are
causing a significant number of infections in the country
[13]. Studies conducted in different parts of Ethiopia
showed a higher prevalence of intestinal parasitic co-
infection among TB patients as compared to the TB free
individuals [3, 11, 12]. A 70.9% prevalence of intestinal
helminthic co-infection among TB patients is reported
from Northwest Ethiopia [3]. Some studies reported that
there was a higher prevalence of intestinal parasite infec-
tion among TB patients compared to TB free individuals
[3, 11, 12, 14], while others reported no association be-
tween intestinal parasitic infection and TB [4, 15-17].
Even though there are several usable studies with appar-
ent variability in the country, to our knowledge, there is
no conclusive evidence of tuberculosis and intestinal
parasites co-infection. Thus, this systematic review and
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meta-analysis aimed to provide a bridge conclusive evi-
dence on the intestinal parasite-tuberculosis co-infection
in Ethiopia.

Methods

Protocol and registration

The protocol for the systematic review and meta-
analysis has been registered in the International Pro-
spective Register of systematic reviews (PROSPERO) ID:
CRD42019135350. The methodology of this systematic
review and meta-analysis was developed following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) reporting checklist.

Inclusion criteria

We reviewed studies based on PICOS (participants, in-
terventions, comparison, outcome, and study setting)
criteria. Original studies (cross-sectional and case-
control studies) conducted from 2000 to 2019 published
in the English language that showed intestinal parasitic
co-infection among TB patients in Ethiopia were in-
cluded. Studies that confirmed TB either bacteriologic-
ally or by pathology or through x-ray findings were
considered.

Exclusion criteria

Articles without fill documents, articles conducted on
Ethiopians reside out of Ethiopia were excluded. Com-
mentaries, case reports, case series, and proceedings
were excluded.

Information sources and searching strategy

The articles were systematically searched from the avail-
able electronic database (CINAHL, DOAJ, EMBASE,
Emcare, Medline, ProQuest, PubMed, Science Direct, and
Web of Science) and other grey literature sources. Two re-
searchers (Teshager Worku (TW) and Zebenay Workneh
Bitew (ZWB)) independently searched articles from the
identified database. The articles were searched using the
search string taken from research questions and applied to
each database as required. The keywords used for con-
structing search string were tuberculosis OR TB, parasite,
helminths, and Ethiopia. The Boolean operators; OR and
AND were applied while searching. The search string ap-
plied for Medline (Ovid) database was ((Intestinal disease,
parasitic/ OR Intestinal parasites.mp.) AND (Tubercu-
losis/ OR Tuberculosis.mp.) AND (Ethiopia.mp. OR
Ethiopia/)) (See Additional file 1).

Study selection procedure

All articles extracted from different sources were
exported to EndNote X8 citation manager, and dupli-
cates were removed. The abstract screening performed
before the full-text screening and, consequently, only
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those which passed the abstract screening were fully
appraised. Two authors (Ayinalem Alemu (AA) and
ZWB) screened the title and abstracts of the studies
with predefined inclusion criteria independently. Two
authors (AA and TW) also independently collect full
texts and evaluate the eligibility of them for final in-
clusion by considering study subjects, language, study
designs, quality, and outcome. The full texts of eli-
gible articles were assessed for quality using Joanna
Briggs Institute Critical Appraisal (JBI) tools [18] (See
Additional file 2).

Data extraction

Included studies’ characteristics (Author, year of publi-
cation, study area/region, study design, sample size, TB
screening method, the name and number of intestinal
parasites, subgroup data containing outcomes of intes-
tinal parasites among TB patients and controls, multiple
parasitic infections and HIV status of TB patients) were
extracted in a template prepared using Microsoft word
(2016) (Tables 1, 2 & 3). The quantitative data for meta-
analysis from each study were extracted and stored in
Microsoft excel (2016). The two authors (ZWB and AA)
independently extracted data from all of the included
studies.

Data items
Population: Tuberculosis patients.
Intervention: Not available.
Comparators: Tuberculosis free individuals.
Outcomes:  Intestinal  parasite-tuberculosis  co-
infection, Odds ratio.
Study type: Observational studies.

Risk of bias (quality) assessment of individual studies

The methodological reputability and quality of the
findings of the included studies were critically evalu-
ated using the quality assessment tool for observa-
tional studies (cross-sectional and case-control
studies) developed by the Joanna Briggs Institute (JBI)
[22]. By using the JBI checklist, for cross-sectional
studies, eight variables are used to score out of 100%
and each variable scored from 12.5% and then turned
into 100%. Case-control studies 10 variables are
scored out of 100% where one variable scored out of
10%. Quality score is graded as low if <60%, medium
if 60-80% and high if >80%. To ensure quality, we
tried to search for studies using a comprehensive
strategy (electronic databases, and manual search); in-
cluded published and/or unpublished studies. Studies
were screened by two independent authors (AA &
TW) wusing clear objective eligibility criteria to
minimize bias. Publication bias was explored using
visual inspection of the funnel plot [23]. Besides,
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Egger’s regression test [24] was carried out to check
the statistical symmetry of the funnel plot.

Data synthesis and statistical analysis

The estimated pooled prevalence of intestinal para-
sites co-infection among TB patients with its 95%
Confidence Interval (CI) by assuming the true effect
size varies between studies was determined. The
pooled prevalence was determined as the ratio of
numbers of TB patients who were co-infected with
intestinal parasites to the total sample size (total TB
patients). The data was presented on a forest plot.
The heterogeneity in the prevalence of the different
studies was assessed using 1. The specific analysis
was also done based on the outcomes of intestinal
parasites, types of parasites identified, multiple para-
sitic infections, and HIV status. Comprehensive meta-
analysis (CMA) Version 3.3.07 was used to estimate
the pooled prevalence of intestinal parasites co-
infection and the pooled prevalence of each parasite
TB co-infections. Review Manager Software (version
5.3) [25] was used to analyze the specific intestinal
parasite TB co-infection and associations.

Results

Study characteristics

From the available scientific database and other
sources, 414 studies were searched. Of this, 145 du-
plicate studies were removed. Two hundred sixty-nine
studies were screened by title and abstract. Finally,
only 20 papers were found to be eligible for full-text
evaluation, and 11 studies [3, 4, 11, 12, 14-17, 19—
21] that fulfilled the eligibility criteria were included
in the final analysis (Table 1, Fig. 1). The remaining
nine studies were excluded from the analysis based
on the irrelevant target population [26, 27], the meth-
odological difference [28], and being related to the in-
cluded studies [9, 29-33] (Fig. 1). From the included
studies, four of them were case-control studies while
the others were cross-sectional studies. The sample
size in each included study ranged from 43 to 1681
TB patients. However, except for a study done by
Feleke et al. [14] that screened 1681 TB patients for
intestinal parasites, the sample size for each of the
remaining 10 studies was below 300. To diagnose TB,
most of the studies used smear microscopy while one
study from Addis Ababa and the other study from
northeast Ethiopia used Mpycobacterial culture. Con-
trols or comparative groups were classified as TB free
individuals through the use of diagnostic methods
used to confirm TB. Likewise, laboratory diagnostic
methods used to examine intestinal parasites among
TB patients and TB free individuals were assessed.
Accordingly, different combinations of  stool
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Table 2 Prevalence of each identified intestinal parasites among tuberculosis patients in Ethiopia

Name of Number Prevalence (95% Heterogeneity tests

g];;aas;ilzal Stfudies @ Qtest of 3 p-value
Alumbricoides 11 0.105 (0.060-0.175) 219 10 77% <0.001
H.worm 9 0.095 (0.061-0.144) 776 8 90% <0.001
G.lamblia 7 0.057 (0.029-0.109) 383 6 84% <0.001
S.sterocolaris 8 0.056 (0.033-0.095) 56 7 87.5% <0.001
S.mansoni 6 0.046 (0.034-0.061) 1 5 0.0% 0.961
Cparvum 2 0.043 (0.017-0.105) 16 1 36.8% 0.206
E.histolytica 6 0.038 (0.018-0.079) 219 77% 0.001
T.trichuria 9 0.031 (0.016-0.059) 34 8 76.6% <0.001
Lbelli 1 0.03(-0.003-0.063) - - - -
Taenia spp. 3 0.06 (0.007-0.039) 2.8 2 27.6% 0.251
Evermiculais 3 0.012 (0.005-0.026) 1.8 2 0.0% 0405
H. nana 3 0.011 (0.003-0.038) 838 2 65.8% 0.032

df degree of freedom

examination methods were used. Ten [3, 4, 11, 12, 15-17,
19-21], nine [3, 7, 11, 12, 14, 15, 17, 19, 21], three [4, 14,
21] and two studies [11, 12] used direct saline examin-
ation, formol ether concentration, Kato-Katz and modified
Ziehl Neelsen methods respectively. Two studies that used
modified Ziehl Nelson staining method reported coccidian
parasites co-infection among TB patients. Five studies [3,
4, 12, 19, 20] assessed the HIV serostatus of TB patients.
We pooled and compared intestinal parasites co-infection
rates between 335 HIV positive TB patients and 538 HIV
negative TB patients. The heterogeneity of included stud-
ies was analyzed by I” static and a high level of heterogen-
eity was found. To minimize heterogeneity, a sensitivity
analysis was done and fixed and random effect models
were used interchangeably. The publication bias was
assessed using a funnel plot and Egger’s test (p <0.05).
The funnel plot was asymmetrical and Egger’s test
indicted there was publication bias (P = 0.028) (Fig. 2).

The pooled prevalence of intestinal parasites among
tuberculosis patients

A total of 3158 TB patients were assessed for intestinal para-
sites co-infection. All individual studies reported intestinal
parasites co-infection prevalence among TB patients beyond

10%, and except for two studies [17, 21], it was greater than
22%. The highest prevalence (70.9%) was reported from
Northwest Ethiopia [20], while the least prevalence (10.8%)
was reported from northeast Ethiopia [21]. The overall esti-
mated pooled prevalence of intestinal parasites co-infection
among TB patients using a random-effects model was 33%
(95% CI: 23.3, 44.3) (I* = 96.4%, P = 0.004) (Fig. 3).

Twelve types of intestinal parasites were reported from
the stool examination of TB patients. All 11 studies re-
ported the detection of A.lumbricoides among TB patients.
Secondly, nine studies [3, 4, 15-17, 19-21] reported the de-
tection of Hworm and similarly nine [3, 4, 11, 12, 15, 16,
19-21] reported T.trichuria. Likewise, S.sterocolaris was re-
ported by eight [3, 4, 12, 14-16, 19, 20] studies. Among in-
testinal protozoans, G.lamblia was repeatedly reported by
seven [11, 12, 15, 16, 19-21] studies. C.parvum and Lbelli
were the least reported in terms of the number of studies
reported the parasites where C.parvum was reported from
two studies [11, 12] and only one study [12] reported the
detection of Lbelli (Table 2). According to our meta-
analysis result, the most common parasites were A.lumbri-
coides 10.5% (95% CI: 6.0, 17.5), Hworm 9.5% (95% CI:
6.10, 14.4), G.lamblia 5.7% (95% CI: 2.90, 10.9) and S.stero-
coralis 6% (95% CI: 3.3, 9.5) (Supplementary figures).

Table 3 Intestinal parasitic infection among tuberculosis patients and tuberculosis free individuals in Ethiopia

Group variable Number TB patients TB free individuals OR(95% Cl) Heterogeneity tests
of Number % Number % X2 df 12 p-value
studies
Total intestinal parasites 8 1218 49.1% 2076 37.4% 1.76 (1.17-2.63) 50.95 7 86% 0.006
Intestinal protozoans 4 64 17.6% 129 10.0% 1.66 (0.94-2.93) 6.26 3 52% 0.08
Intestinal helminthes 7 277 37.0% 486 22.2% 2,01 (1.07-3.80) 43.18 6 86% 0.03
Multiple parasite infection 4 87 17.3% 116 6.8% 2.59 (1.90-3.55) 447 3 33% <0.001

X2 Chi-square, df degree of freedom
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Identifi
cation

Studies identified through
database search
CINHAL=4
DOAJ=4
Ebase=19
Emcare=4
Medline=17
ProQuest=100
PubMed=13
Science Direct=193
Web of science=12
Total= 366

Other sources

Total=48

Screening

tuberculosis patients in Ethiopia

Included
Studies

\

J

Duplicated studies removed
(145)

(269)

Studies after duplicates removed ]

Studies removed by screening from tittles and

abstract (249)
# »| (Without fill documents, conducted on Ethiopians reside

and abstract (20)

Studies screened by title

out of Ethiopia, commentaries, case reports, case series,
proceedings)

.

Full-text studies assessed

Full-text studies excluded (9)
TIrrelevant target participants (2)

for eligibility (20) Methodological difference (1)
Related toincluded studies (6)
Studies included for the
final analysis (11)

Fig. 1 Flowchart diagram describing selection of studies for the systematic review and meta-analysis on intestinal parasites co-infection among

Associations of intestinal parasites and tuberculosis

infection

infection among these two groups. Based on the pooled
analysis, TB patients had 1.76 times the odds to harbor

Intestinal parasites co-infection among 2429 TB patients more intestinal parasites compared to TB free individ-
and 5556 TB free individuals were compared. Eight stud-  uals (OR =1.76; 95% CI: 1.17, 2.63) (Table 3, Fig. 4). In-
ies [3, 4, 11, 12, 14—17] reported intestinal parasites co- testinal parasites were categorized into two groups

01

02

03

Standard Error

04

Fig. 2 Funnel plot for pooled prevalence of intestinal parasites co-infection among tuberculosis patients in Ethiopia
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Fig. 3 Forest plot for pooled prevalence of intestinal parasites co-infection among tuberculosis patients in Ethiopia

\

namely; intestinal helminths and intestinal protozoans.
A statistically significant difference was observed among
TB patients and TB free individuals for helminthic infec-
tions but not for protozoans. Tuberculosis patients had
double risk to be infected with intestinal helminths com-
pared to TB free controls (OR =2.01; 95% CI: 1.07, 3.80)
(Table 3, Fig. 4). Multiple (two or more) intestinal para-
sitic infections were frequently detected from TB pa-
tients compared to TB free individuals. Tuberculosis
patients had 2.59 times the odds to harbor multiple in-
testinal parasites compared to TB free individuals (OR =
2.59; 95% CI: 1.90, 3.55) (Fig. 4). There was no statisti-
cally significant difference in parasitic TB co-infection
for HIV positive TB patients compared with HIV nega-
tive TB patients (Fig. 4).

Discussion

To our knowledge, this study is the first comprehensive
systematic review and meta-analysis on intestinal para-
sites co-infection among tuberculosis patients in
Ethiopia where both infections are the major public
health problems. After intense searching, 11 studies [3,
4, 11, 12, 14-17, 19-21] were included in the analysis.
Based on the pooled prevalence analysis, one-third of TB
patients (33.0%) were co-infected with intestinal para-
sites. This shows that considerable proportions of TB
patients were co-infected with intestinal parasites and
this co-infection is a public health problem in the coun-
try. When compared to individual studies conducted in
other countries, comparable results were reported from
Tanzania [6] and Iran [34]. Lower prevalence was re-
ported from China [35] and the higher prevalence was
reported from Brazil [10]. However, individual studies
included in this meta-analysis reported a higher co-
infection rate [3, 12, 14]. In the current systematic

review and meta-analysis study, heterogeneity was de-
tected (Fig. 2). This might be happening due to the
methodological difference where the higher co-infection
rate was reported from case-control studies [3, 12, 20].
However, all studies were health facility-based studies
that represented TB patients that visited health facilities
for health care, and in most of the studies, TB patients
were recruited with consecutive sampling methods.
Among the 12 types of intestinal parasites identified,
A.lumbricoides and H.worm were found to be the most
frequently reported intestinal parasites. Likewise, studies
from Tanzania [6] and Egypt [36] reported supportive
findings. Among intestinal protozoans, G.lamblia was
reported frequently compared with other intestinal pro-
tozoans. Two studies [11, 12] used a modified Ziehl
Neelsen staining method to identify coccidian parasites,
and both reported Cparvum. However, Lbelli was re-
ported only from one study [12]. Hailu et al [12] re-
ported C.parvum and Lbelli co-infections from HIV
positive TB patients that might worsen the problem.
larized immune response hasThere is a statistically sig-
nificant difference in intestinal parasitic infection among
TB patients and TB free individuals (OR = 1.76; 95% CI:
1.17, 2.63). TB patients had 1.76 times the odds to har-
bor more intestinal parasites compared to TB free indi-
viduals. The pooled analysis showed that a statistically
significant difference infection rate among TB patients
and TB free individuals observed for intestinal helminths
(OR =2.01; 95% CI: 1.07, 3.80) but not for intestinal pro-
tozoans (OR =1.66; 95% CIL: 0.94, 2.93). This supported
scientific evidence that helminthic infections had an im-
mune modulation mechanism that enabled them to es-
cape the immune system and live inside a host for many
years [7]. It was reported that helminths cause immune
activation with biased Th2 responses and down-
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TB patients B free 0dds Ratio 0Odds Ratio
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regulated Thl and Cytolytic T lymphocytes activity that
might make individuals susceptible to infections that are
limited by Th1 response [3, 4, 7]. In sub-Saharan Africa, a
dominant Th2 po been reported and suggested to increase
susceptibility to Mycobacterium tuberculosis 3, 4].

Multiple parasitic infections and repeated infections
are common in areas where parasites are highly preva-
lent, and this might make people susceptible to other in-
fections such as tuberculosis. Studies reported that
individuals with high worm burden or multiple infec-
tions had an increased risk of developing TB [3, 11]. Tu-
berculosis patients were highly prone to be infected with
multiple parasites compared to TB free individuals
(OR =2.59; 95% CI: 1.90, 3.55).

Even though TB is a global problem it mainly affects
sub-Saharan African countries including Ethiopia [1]. The
main reason for the resurgence of TB in Africa is the link
between TB and HIV in addition to the lack of adequate
economic and human resources [2]. With the assumption
of an increased risk of TB among HIV positive patients
who co-infected with intestinal parasites, we compared
TB patients by their HIV serostatus. However, based on
the pooled analysis, a statistically significant difference was
not found among HIV positive and HIV negative TB pa-
tients (OR = 0.97, 95% CI = 0.71-1.32).

Limitation of the study

We were unable to get studies from all parts of the
country, and most of the studies concentrated in the
Ambhara region that might not represent the whole
country. Articles published other than the English lan-
guage, with abstract only and incomplete information
were not included. Publication bias was observed among
the included studies (Fig. 2).

Conclusion

Based on the pooled analysis, one-third of tuberculosis pa-
tients are co-infected with one or more intestinal para-
sites. Among the parasites, Ascaris Ilumbricoides,
Hookworm, Giardia lamblia, and Strongyloides sterocoralis
were predominantly identified. In comparison with TB
free individuals, TB patients are more likely to be infected
with intestinal helminths and multiple intestinal parasitic
infections. Thus, we recommend routine screening of tu-
berculosis patients for intestinal parasites. The effect of
mass deworming on tuberculosis incidence would be im-
portant to be considered in future researches.
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