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Acute respiratory infections are a serious public health concern across the globe, they are, however, prominently pre-
sent in Sub-Saharan Africa. In Ethiopia, different primary studies were conducted in regard to the link between house-
hold biomass fuel use and acute respiratory infections among under-five children. However, there is no national study
on the association between household biomass fuel use and acute respiratory is infections among under-five children.
Thus, the aim of this systematic review and meta-analysis to estimate the pooled prevalence of acute respiratory infec-
tions and their predictors among under-five children in Ethiopia. 
The systematic review was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guideline. We systematically searched the databases: PubMed/Medline, Cochrane library, Google
Scholar, Web of Science, and Scopus were searched to access potentially relevant articles conducted in Ethiopia about
acute respiratory infections among under five children. Stata/SE 14.00 statistical software was used for analysis and
the pooled prevalence with 95% confidence interval (CI) were presented using tables and forest plots. To assess the
heterogeneity among studies, I square (I2) tests were used. Publication bias was checked by Begg’s and Egger’s regres-
sion test. The random effects meta-analysis model was employed to estimate the pooled prevalence and predictors of
under-five acute respiratory infections
A total of 7 studies with 8, 529 study participants were included in this meta-analysis. The pooled prevalence of acute
respiratory infection among under five children was 17.75% (95% CI: 16.95, 18.55). Child holding during cooking
(OR: 2.84, 95% CI: 1.48, 5.47) and using unclean sources of energy for cooking (OR: 0.38, 95% CI: 0.21, 0.70) were
identified predictors of under-five children acute respiratory infection.
In the current study, the pooled prevalence of acute respiratory infection among under-five children was relatively
high. Child holding during cooking and using unclean sources of energy for cooking were significantly associated with
under-five acute respiratory infections. Therefore, the policies and regulations enacted should address the barriers that
impede the development of clean and efficient energy sources.
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Introduction 
Acute respiratory infections (ARIs) are dichotomized as upper

respiratory tract infections and lower respiratory tract infections.
The upper respiratory tract comprises of the airways from the nos-
trils to the vocal cords in the larynx. The lower respiratory tract
involves the continuation of the airways from the trachea and
bronchi to the bronchioles and the alveoli [1,2]. They are a consid-
erable hardship to the health of children under five years of age in
low and middle-income countries like Ethiopia [3,4]. ARI, chiefly
of the lower respiratory tract, is the top cause of death among chil-
dren under five years of age in such countries [5,6]. 

Acute respiratory infections are a serious public health con-
cern across the globe; they are, however, prominently present in
Sub-Saharan Africa and are estimated to be responsible for forty-
two percent of childhood deaths [4]. The correlation between wood
use, cooking, and the epidemiology of respiratory infections is a
topic of interest for the active current research, but a persistent
trend connecting environment, energy, and health has been already
greatly obvious [7]. In Ethiopia, biomass fuels are the main
sources of energy and consumption. It is the only energy used for
cooking, lighting, and heating for about more than 90% of the
Ethiopian population, by which 99% is originated from fuel wood,
charcoal, crop residue, and leaves, fuel wood holding the first posi-
tion [8, 9]. The World Health Organization (WHO) estimates on
the burden of diseases for the year 2002, Indoor Air pollution from
biomass use accounted for 3.7% of the burden of disease in devel-
oping countries [10]. In Ethiopia, it is accountable for 50,320
annual deaths of under- five years of children, accounting for 4.9%
of the national burden of diseases [11].

There was no nationwide study assessing the link between
household biomass fuel use and acute respiratory infections among
under-five children. Hence, this systematic review and meta-analy-
sis aimed to estimate the pooled effect of household biomass fuel
use on acute respiratory infections amongst children under five
years of age in Ethiopia using the available studies. The findings of
this systematic review and meta-analysis will highlight the effect
of household biomass fuel use on the acute respiratory tract infec-
tions in children with the implications of applying evidence-based
interventions through accessing to clean fuel for cooking, make
sure cost-effectiveness, adopting prompt measures with collabora-
tive efforts from families, the community, policymakers, health
workers, governmental and non-governmental organizations, and
other stakeholders to reduce drastically the burden of ARIs in a
country. 

Study design and setting
A systematic review and meta-analysis were conducted to esti-

mate the pooled prevalence of acute respiratory infection and its
association with household biomass fuel use among under-five
children in Ethiopia. Ethiopia is located in Eastern Africa.
Currently, the Ethiopian population is estimated to be 114,963,588
with 21.3 % living in urban areas [12]. 

Reporting 
The results of this review were reported according to the

Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) checklist [13] (Supplementary file 1). It is
registered in the Prospero database available at
https://www.crd.york.ac.uk/PROSPERO/#searchadvanced
(PROSPERO 2020: CRD42020128659).

Eligibility criteria 

Inclusion criteria
- Study setting: Studies done in Ethiopia.
- Study participants: Studies conducted among under-five chil-

dren.
- Publication status: All published and unpublished articles.
- Language: Only studies published in English were included
- Types of studies: Studies that employed observational study

design.
- Publication date: The authors included articles published until

April 30, 2020.
Exclusion criteria

Despite the above-mentioned preset eligibility criteria, articles
in which we were unable to access the full-texts after two email
contacts of the principal investigator of the particular study were
excluded from the final analysis.

Search strategies 
An extensive search was done from PubMed/Medline,

Cochrane library, Google Scholar, Web of Science, and Scopus
were used to access potentially relevant articles done on acute res-
piratory infections among under-five children in Ethiopia. Gray lit-
erature/unpublished articles of observational studies were searched
through the review of reference lists and input of content experts.
Besides, to find unpublished papers relevant to this systematic
review and meta-analysis, some research centers, including the
Addis Ababa University digital library were searched. The core
search terms and phrases were indoor air, household air, biomass,
smoke, fuel, stove, respiratory infection, respiratory tract infection,
respiratory illness, respiratory symptoms, child, children, Ethiopia.
The following search strategy was applied separately and in com-
bination using Boolean operators [(Indoor air [MeSH Terms] OR
Household air) AND (biomass OR smoke OR fuel OR stove) AND
(Respiratory infection [MeSH Terms] OR respiratory tract infec-
tion OR Respiratory illness OR Respiratory symptoms AND (child
OR children) AND (Ethiopia)].

Study selection procedures 
Studies identified by our search strategy were retrieved and

managed using Endnote X7 software to remove duplicate studies.
Two independent authors screened the title and abstract. The dis-
agreement was handled based on established article selection crite-
ria. Three independent authors [ZA, HD, BD] conducted the full-
text review.

Measurement of outcomes 

Outcome definition  
This study has two main objectives. The primary objective is

acute respiratory infection (ARI) which was defined  as  ARI to
include any combination of the following symptoms: cough with
or without fever, blocked or runny nose, sore throat, and/or ear dis-
charge with infection of the lungs [11,14]. 

The second objective of this study is to identify the predictors
of acute respiratory infection among under-five children. The pre-
dictors included in this review were: sex (male/female), ventilation
(yes/no), child holding during cooking (yes/no) and types of fuel
used for cooking (clean/unclean).

Data extraction and quality assessment 
Data from included articles were extracted using a standard-

ized data extraction format, adapted from the Joanna Briggs
Institute (JBI), by two authors [ZNA, HD, ZA]. For the first out-
come (prevalence of acute respiratory infection), the data extrac-
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tion format included primary author, study design, sample size,
and first author name for the prevalence of acute respiratory infec-
tions among under-five children, publication year, region(s) of the
country where the study was conducted, sample size, and response
rate. For the second outcome (predictors), data were extracted in a
format of two-by-two tables, and then the log odds ratio for each
factor was calculated based on the findings of the original studies. 

Two authors (HD, BD) independently assessed the risk of bias
for each original study by using a quality assessment checklist for
prevalence studies adapted from Hoy et al. [15] (Table 1).

Data processing and analysis
Pertinent data from every primary study were extracted using

Microsoft Excel format. Data were then exported to STATA
Version 14 statistical software for analysis. Heterogeneity of the
studies was assessed by computing p-values of I2 statics [16] and
publication bias was checked objectively via Egger’s and Begg’s
regression test [17, 18]. In the current meta-analysis, logit transfor-
mation was used. The pooled proportion was estimated by using
the back-transform of the weighted mean of the transformed pro-
portions, using arcsine variance weights for the fixed-effects
model and DerSimonian-Laird weights for the random-effects
model [19]. Point prevalence, as well as 95% confidence intervals,
was presented in the forest plot format. For the second outcome, a
log odds ratio was used to determine the association between pre-
dictors and the outcome variables.

Results 

Characteristics of included studies
Initially, 1,348 articles were retrieved reporting prevalence and

predictors of household biomass fuel use and acute respiratory
infections among under-five children using the range of databases
previously described. After duplication removed, 703 studies were
remained, 413 studies were excluded by title and 279 studies were
excluded by reading abstracts. Finally, 11 studies were screened
for full-text review, and 7 were met the eligibility criteria and
included in the final meta-analysis (Figure 1).

Description of included studies
As depicted in Table 1, the 7 included studies were cross-sec-

tional study design and published from 2011 to 2020. In the current
meta-analysis, 8,529 study participants were included to determine
the pooled prevalence of acute respiratory infections among under-

five children. The smallest sample size was reported 150 [20],
whereas, the largest sample size was reported 5,830 [21]. The low-
est prevalence was reported in Addis Ababa [22], whereas the
highest prevalence was reported in Southern Nation Nationality
and Peoples Region (SNNPR) [20]. In the present meta-analysis,
two Ethiopian regions and one administrative town were represent-
ed. Three of the studies were from SNNPR [20,23,24], two from
Amhara [21,25], two from Addis Ababa [11,22]. Most of the stud-
ies had a 100% response rate. No studies were reported from the
rest of the regions; Benishangul Gumuz, Oromia, Tigray,
Gambella, Dire Dawa, Harari, Afar, and Somalia regions. 

Publication bias 
To check the presence of publication bias objectively Begg’s

and Egger’s tests were employed. The results of Begg’s (p=0.09)
and Egger’s (p=0.45) tests showed that there was no statistically
significant publication bias in estimating the prevalence of acute
respiratory infection among under-five children.

Figure 1. Flow chart for study selection. 

Table 1. Characteristics and quality status of the studies included in systematic review and meta-analysis household biomass fuel use
and acute respiratory infection in Ethiopia, 2020.

Authors                            Publication                 Study                   Region             Sample           Response           Prevalence          Quality
                                              year                     design                                             size                  rate                   of ARI              status

Desalegn et al. (24)                         2011                      Cross sectional                  SNNPR                      405                          100%                          21.00%                  Low risk
Alemayehu et al. (25)                      2014                      Cross sectional                 Amhara                      715                          100%                          26.30%                  Low risk
Sanbata et al. (11)                           2014                      Cross sectional             Addis Abeba                  422                          100%                          23.90%                  Low risk
Tadesse et al. (20)                           2015                     Cross sectional                  SNNPR                      150                          100%                          26.70%             Moderate risk
Wogderesset al. (22)                      2017                      Cross sectional             Addis Abeba                  447                          100%                           4.60%                   Low risk
Tesgaye et al. (23)                           2018                      Cross sectional                  SNNPR                      560                        96.70%                        23.80%                  Low risk
Adane et al. (21)                               2020                      Cross sectional                 Amhara                     5830                        100%                          19.21%                  Low risk

ARI, acute respiratory infection; SNNPR, Southern Nation Nationality and Peoples Region.
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Prevalence of acute respiratory infection among under-
five children in Ethiopia

The estimated pooled prevalence of under-five acute respirato-
ry infections in Ethiopia was 17.75% (95% CI: 16.95, 18.55)
(Figure 2). High heterogeneity was observed among included stud-
ies (I-squared 97.50%, p<0.001). Thus, a random effect meta-
analysis model was employed to estimate the pooled prevalence of
under-five acute respiratory infections in Ethiopia. 

Subgroup analysis 
A subgroup analysis by region was computed to compare the

prevalence of acute respiratory infection across regions of the
country. The highest and lowest prevalence was observed in
SNNPR and Addis Ababa [23.07%, CI: (20.60, 25.54)], and
[8.18%, CI: (6.43, 9.93)], respectively (Table 2).

Predictors of under-five acute respiratory infection in
Ethiopia

The association of carrying a child at the back of mother dur-
ing cooking and under-five acute respiration infection: In the cur-
rent meta-analysis, we have used five studies that examined the
association of child holding during cooking and acute respiratory
infection [11,20,21,23,25]. Child holding during cooking is signif-

icantly associated with childhood acute respiratory infection.
Those children’s hold during cooking were 2.84 times more likely
to suffer from acute respiratory infection than their counterparts
(OR: 2.84, 95% CI: 1.48, 5.47). The results of the test statistics
indicated that high heterogeneity (I2 = 79.7% and p=0.001) was
presented across the included studies. Therefore, a random effect
meta-analysis model was employed to determine the association
(Figure 3).

The association of sex of a child and under-five acute respira-
tion infection: In this meta-analysis, we used five studies to inves-
tigate the association between sex and acute respiratory infection
[11,21-23,25]. As such, sex was not significantly associated with
childhood acute respiratory infection (OR: 0.86, 95% CI: 0.71,
1.04). The result of the test statistics indicated that low heterogene-
ity (I2 = 24.7% and p=0.257) was presented across the included
studies. 

The association of ventilation and under-five acute respiration
infection: In the present meta-analysis, we examined the associa-
tion of ventilation and acute respiration infection by using five
studies [11,20,21,23,24]. In this study, ventilation was not signifi-
cantly associated with childhood acute respiratory infection (OR:
0.56, 95% CI: 0.29, 1.07). The result of the test statistics indicated
that substantial heterogeneity (I2 = 72.7% and p=0.005) was pre-
sented across the included studies. 

Table 2. Subgroup analysis for the prevalence of acute respiratory infection by region in Ethiopia, 2020.

Region                     Number of studies included                      Prevalence (95% CI)                                     p                                       I2

Amhara                                                          2                                                               19.84 (18.88, 20.81)                                                <0.001                                          94.1%
SNNP                                                              3                                                               23.07 (20.60, 25.54)                                                  0.329                                            9.9%
Addis Ababa                                                  2                                                                  8.18 (6.43, 9.93)                                                   <0.001                                          98.6%
Overall                                                           7                                                               17.75 (16.95, 18.55)                                                <0.001                                          97.5%

SNNPR, Southern Nation Nationality and Peoples Region.

Figure 2. Forest plot for the pooled prevalence of acute respiratory
infections among under-five children in Ethiopia (ES (95% CIs) are
denoted by black boxes (black lines). The combined ES estimate for
all studies is represented by a blue diamond, where diamond width
corresponds to 95% CI. Box and diamond heights are inversely pro-
portional to precision of the ES estimate).

Figure 3. The pooled odds ratio of the association between child
holding during cooking and under-five children acute respiratory
infections in Ethiopia.
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The association of using unclean sources of energy for cooking
and under-five acute respiration infection: In this meta-analysis,
we used five studies to investigate the association between using
unclean sources of energy for cooking and acute respiratory infec-
tion [11,21-25]. The findings of these six studies, using unclean
sources of energy for cooking was significantly associated with an
acute respiratory infection. The likelihood of using a clean source
of energy for cooking 62.00% (OR: 0.38, 95% CI: 0.21, 0.70)
times less likely to suffer from acute respiratory infection than
their counterparts who use an unclean source of energy for cook-
ing. The result of the test statistics indicated that substantial hetero-
geneity (I2 = 70.0% and p=0.005) was presented across the includ-
ed studies. Therefore, a random effect meta-analysis model was
employed to determine the association (Figure 4).

Discussion
Acute respiratory infection (ARI) are the leading causes of

childhood illnesses that often result in serious health complications
and deaths worldwide [26]. This systematic review and meta-
analysis was conducted to assess the pooled prevalence of ARIs
amongst children of under-five years of age in Ethiopia and its pre-
dictors. Accordingly, the study revealed that the pooled estimate
ARI prevalence was 17.7% (95% CI: 16.95, 18.55%). The finding
is consistent with studies conducted in Zimbabwe [27] and peri-
urban area of Delhi, India [28] which reported a prevalence of 16%
and 18.6%, respectively. 

On the other hand, the finding is lower than a study conducted
in Bangladesh which claimed the prevalence of 20.44% [29].
Similarly, this finding is lower than the prevalence of acute lower
respiratory infections among under-five children in 28 sub-
Saharan African countries which reported 25.3% [30]. A study
conducted in Kenya reported a higher prevalence of ARI among
children (69.7%), which is higher than our pooled estimate [31].
Moreover, our finding is lower than a study conducted in urban and
rural areas of Puducherry, India which reported prevalence of ARI
59.1% [32]. 

The possible explanation for the above-observed discrepancy
between the current meta-analysis and comparable findings might
be due to the difference in the sociodemographic characteristics of
the study participants. The other possible explanation could be due
to the difference in study design. Besides, in Ethiopia, the govern-
ment has been implementing different interventions to expand the
improved types of stoves in the community and rural electrifica-
tion projects [33]. The health extension program in Ethiopia, which
was commenced in 2003 has 16 packages, out of which 7 are relat-
ed to water, sanitation, and hygiene, indoor air pollution or housing
condition, and garbage disposal. These packages are very crucial to
decrease the acute respiratory infection burden in children and
women [34].

The pooled estimate of ARI in the current systematic review
and meta-analysis was found to be higher than the reports from
Ethiopian demographic and health survey (EDHS) 2005, 2011, and
2016 report, which revealed a prevalence of ARI among under-
five children was 13%, 7%, and 7% respectively [35-37].
Likewise, the finding of this study was greater than a study con-
ducted in Tanzania 11% [38] and from the study conducted in 40
developing nations 13% [39].

Moreover, the sub-group analysis in the current systematic
review and meta-analysis depicted that the prevalence of acute res-
piratory infection was higher in the SNNPR (23.07%) and the low-
est was in Addis Ababa (8.18%). The possible explanation could be
the higher proportion of households in Addis Ababa are using an
improved stove, had a separate kitchen from their living room, and
had a good awareness of the health impact of indoor air pollution.
In rural areas, however, it is common to house animals like cattle,
sheep, and goats in the house, which can contribute also to the ele-
vated prevalence of ARI. The improved sanitation and hygiene in
Addis Ababa could also contribute to reduction ARI than the
regions like SNNP, and Amhara region as it has been verified in the
sub-group analysis [30].

In this meta- analysis, biomass fuel use was found to be signif-
icantly associated with acute respiratory infection among under-
five children. The finding is consistent with scholarly articles in
Enugu South East Nigeria [40], India [41], Ibadan Nigeria [42],
Cameroon [43], Nepal [44,45], South India [46], Afghanistan [47].
This might be because solid fuel used in the kitchen is the main
source of indoor air pollution because of the associated emissions
[48]. Smoke from solid fuel contains a large number of pollutants
including repairable particulate matters, toxic gases carbon
monoxides, oxides of nitrogen and sulfur, aromatic hydrocarbons,
benzene, formaldehyde, compounds of butane, polycyclic hydro-
carbons including benzo(a)pyrene and other toxic compounds,
which can cause ARI [49].

The mechanism by which fuel smoke can increase the risk of
ARI is not completely understood. Animal experiments in rabbits
found macrophages decreased in adherence, inhibited phagocytic
rate, and compromised bacterial uptake when rabbits were exposed
to wood smoke in comparison to the not exposed rabbits [50]. It’s
been noted that exposure to biomass smoke can lead to immune
suppression, and increased bronchial reactivity, which enhances
one’s vulnerability to bacterial and viral diseases [51,52]

Exposure to the smoke from solid fuel is likely to enhance
inflammatory changes and suppress defense mechanisms resulting
in increased vulnerability for getting bacterial and viral infections.
Similarly, under-five children are susceptible to ARI because of
premature defense mechanisms and fragile airway structure [8,53-
55]. 

Few studies reported a different finding than the current meta-
analysis. These studies indicated that exposure to solid fuel smoke
was not significantly associated with ARI among under-five chil-

Figure 4. The pooled odds ratio of the association between using
unclean sources of energy for cooking and under-five children
acute respiratory infections in Ethiopia.
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dren [56,57]. The possible justification might be in the indicated
studies the majority of households were using solid fuels, therefore
the variation in the sample was not substantial to find significant
relationships. Hence, conducting systematic review and meta-
analysis could tell us the true picture of the relationship between
biomass fuel use and ARI among under-five children. Increased
exposure to biomass fuel smoke also plays a strong role in increas-
ing the chance of developing ARI among under-five children. Our
finding indicated that carrying the child at the back of mothers
while cooking was found to be strongly associated with the infec-
tion. Hence, on top of decreasing the utilization of biomass fuel as
an energy source in Ethiopia, keeping the children away from the
kitchen is advisable. 

Biomass fuel is the predominant domestic fuel globally; half of
the world’s population is estimated to use solid biomass fuels like
animal dung, crop residues, wood, and coal for cooking daily
meals and heating homes. The use of biomass fuel accompanied by
traditional or unimproved stoves, and poor ventilation is responsi-
ble for the generation of the high levels of pollution, measured by
PM10 and priority gaseous pollutants [58].

Similarly, biomass fuel is also a major source of energy for
cooking in Ethiopia. The EDHS report showed the proportion of
the population using biomass fuel in Ethiopia was 99.5% in 2005
and 95.0% in 2016 [35-37]. Though slight improvement was
observed in reducing biomass fuel in the last decade, it remains the
dominant source of energy in the country. 

The Ethiopian national energy policy underscores the promo-
tion of clean and efficient technologies, particularly for the house-
hold sector, and sustainable bioenergy production. The policy rec-
ommends stronger governance including capable institutions and
decentralized decision making on standards and their enforcement
for clean cook stoves [59]. Such moves could play an important
role in registering notable results in decreasing the use of polluting
energy sources. However, the barriers for the development of clean
energy such as lack of coordination among concerned sectors, e.g.
health and energy sectors, ministerial departments, regional and
national agencies, the public and the private sector, and national
and international agencies. Lack of clear direction and responsibil-
ity relevant to household energy in the regulatory bodies. The cost
of clean energy and the improved cooking stove is beyond the
reach of the majority poor in Ethiopia. Most importantly, the com-
munity lacks adequate information on the negative health out-
comes associated with the use of biomass fuel [60]. 

Limitation of the study 
We have included articles written in English language and no

other languages, we have included very limited articles and the
inherent limitation cross-sectional study design. We cannot estab-
lish a causal relationship.

Conclusions
In this meta-analysis, the pooled prevalence of acute respirato-

ry infection among under-five children was relatively high. Child
holding during cooking and using unclean sources of energy for
cooking were significantly associated with under five acute respi-
ratory infections. Therefore, the policies and regulations enacted
should address the barriers that impede the development of clean
and efficient energy sources. As a result, the negative health
impacts, like acute respiratory infection related to biomass fuel
could be tackled.  

Abbreviations
ARIs: acute respiratory infections; 
EDHS: Ethiopian demographic and health survey;
ES: effect size; 
OR: odds ratio; 
SNNPR: Southern Nation Nationality and Peoples Region.
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