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Abstract 

Background: Despite the significant reductions in under-five mortality, campylobacteriosis has emerged as one of 
the most common causative agents of bacterial foodborne gastroenteritis in humans. We performed this systematic 
review and meta-analysis to estimate the pooled prevalence of Campylobacter species and associated risk factors 
among children less than 5 years of age in Ethiopia.

Methods: A systematic search was conducted on PubMed, Web of Science, EMBASE, Google Scholar and the 
Cochrane Library. All identified observational studies reporting the prevalence and determinants of diarrhea among 
children under 5 years of age in Ethiopia were included. Two authors independently extracted data and analyzed 
them using STATA Version 13 statistical software. A random-effects model was computed to estimate the pooled 
prevalence and the associations between determinant factors and campylobacteriosis.

Results: Out of 166 papers reviewed, 8 studies fulfilled the inclusion criteria and were included in the meta-analysis. 
The pooled prevalence of Campylobacter species among children under 5 years of age in Ethiopia was 10% (95% CI: 
7, 13). Contact with domestic animals (OR: 3.2, 95% CI: 2.0, 5.1), illiterate mothers (OR: 2.1, 95% CI: 1.1, 3.8), consump-
tion of animal products (OR: 1.7, 95% CI: 0.7, 4.5), and status of mothers’ personal hygiene (OR: 1.1, 95% CI: 0.7, 1.8) 
were significantly associated with the prevalence of Campylobacter species.

Conclusion: In our study, Campylobacter species among children under 5 years of age in Ethiopia were significantly 
high. Contact with domestic animals, illiterate mothers and consumption of animal products were significantly associ-
ated with prevalence of Campylobacter species
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Background
Campylobacter species are small Gram-negative, thermo-

tolerant, helical microorganisms with a unique ‘darting’ 

motility with a single polar flagellum and grow in micro-

aerobic conditions within the range of 30–42  °C [1, 2]. 

�e Campylobacter genus has increased drastically; and 

presently incorporates 17 species and 6 subspecies, many 

of which might be associated with human disease [3]. Most 

human campylobacteriosis results from Campylobacter 

jejuni and Campylobacter coli [4]. Both species are zoonotic 

pathogens with wide host ranges including livestock (cattle, 

sheep, pigs and poultry) and wild animals [5, 6].

Campylobacter has become one of the most common 

causative agents of both diarrheal and systemic diseases. 

�e incidence of human Campylobacter infections is 

increasing worldwide [7]. Currently, it is the leading 
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cause of bacterial gastroenteritis [8, 9]. �e infection is 

transmitted through the oral route from food, drink, or 

contact with infected animals or animal products [10]. 

Animals, including poultry, beef, pork, sheep and goats, 

are natural reservoir hosts for Campylobacter species 

[11–13]. Recent studies report a wide range (5–49%) of 

Campylobacter prevalence in healthy sheep and goats. 

Human exposure can come through direct contact with 

animal food [14–18]. Flies play a crucial role in the trans-

mission of Campylobacter species from contaminated 

sources to broiler chickens [19].

Infectious diarrheal diseases are of remarkable con-

cern, as they are responsible for more than 95 million 

foodborne illnesses and greater than 21,000 deaths 

[20–24]. Acute infection by Campylobacter can cause 

serious long-term consequences, including periph-

eral neuropathies, Guillain–Barre syndrome [25] and 

Miller Fisher syndrome [1], and functional bowel dis-

eases which include irritable bowel syndrome [20]. 

Diarrhea is highly prevalent in sub-Saharan Africa, 

which incorporates Ethiopia, which results in the high-

est rates of child mortality [26, 27]. Campylobacter 

infections are commonly mild but may be fatal among 

very young children, elderly and immune-suppressed 

individuals and often occur more frequently per year 

than Salmonella species, Shigella species [28].

�e growing rate of human infections because of anti-

microbial resistance strains of Campylobacter makes 

clinical management more difficult by prolonging the 

infection and compromising the treatment. �is can 

have a probably an extreme impact on food safety in 

both animal and human health. �e scenario appears to 

deteriorate more hastily in growing countries in which 

there is giant and uncontrolled use of antibiotics [7, 28]. 

Data on Campylobacter species among children under 5 

years of age in Ethiopia are limited and are not currently 

available in aggregate form. �erefore, we conducted 

this systematic review and meta-analysis to determine 

the pooled prevalence and determinants of human 

campylobacteriosis among children under 5 years of age 

using available studies in Ethiopia.

Methods
Study design

A systematic review and meta-analysis were conducted 

to estimate the prevalence and determinant of Campy-

lobacter species in under-five children in Ethiopia fol-

lowing the methodological framework suggested by 

Arksey and O’Malley [29].

Search strategies

All relevant articles were searched without date limits 

using the following databases: PubMed, Web Science, 

Embase, Google Scholar, Cochrane Library and Science 

Direct according to the Preferred Reporting Items for 

Systematic Reviews and Meta-analysis (PRISMA) [30]. 

All searches were limited to articles written in English 

given that such language restriction does not alter the 

outcome of the systematic reviews and meta-analysis 

[31]. �e gray literature of observational studies was 

searched through the review of reference lists and 

input of content experts. �e literature search was con-

ducted from November 1/2019 to December 10/2019. 

All papers published until the end of 2017 and fulfill-

ing inclusion criteria were considered. �e search used 

the following keywords “campylobacter”, “prevalence”, 

“under-five”, “children”, “risk factor”, “associated factors” 

and “Ethiopia”. We searched all terms with the help of 

Boolean operators such as “AND” or “OR”.

Eligibility criteria

Studies conducted only in Ethiopia and involving only 

humans were included in this study. Publication con-

dition: only published articles were included. Study 

design: all observational study designs reporting the 

prevalence of Campylobacter species in humans were 

eligible for this review. Language: only articles reported 

in English language were considered. Exclusion criteria: 

articles that were not fully accessible, after email con-

tact with the primary authors and duplicate publica-

tions of the same study, were excluded.

Assessment of study quality

Studies selected for inclusion were assessed for meth-

odological quality by all authors independently using 

the standard critical appraisal instruments of the 

Joanna Briggs Institute Meta-Analysis of Statistics 

Assessment for Review Instrument (JBI-MAStARI) 

[32]. Disagreements were resolved by consensus.

Outcome measure

�e primary outcome variable of this study was the 

prevalence of Campylobacter species, while second-

ary outcomes were all associated risk factors identi-

fied as listed below: history of contact with domestic 

animals, residence of study participants, history of 

consumption of animal products, usage of clean water, 

educational background study participants, status of 

personal hygiene and status of latrine usage of study 

participants.
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Data extraction

Data were extracted using a standardized data extrac-

tion format, adapted from the Joanna Briggs Institute 

(JBI), by three authors (Kuma Diriba Asrat Anja and 

Ephrem Awulachew) independently extracting all nec-

essary data. �en the extracted data were merged for 

systematic analysis. Any disagreements during the data 

extraction were resolved through discussion and con-

sensus. �e main outcomes extracted from the study 

were: primary author, publication year, study method, 

study area, sample size and cases. Data on associated 

risk factors were also extracted by the authors.

Statistical analysis

Following data extraction, systematic review and meta-

analysis were carried out using R software version 3.6.1 

and STATA statistical software (version 13) with user-

contributed commands for meta-analyses: metaprop, 

metan, metainf, metabias, and metareg [33]. �e effect 

sizes and SEs of the studies were pooled using a ran-

dom-effects model to calculate the pooled prevalence of 

Campylobacter species in less than 5-year-old children in 

Ethiopia. A meta-analysis was also planned to assess the 

association of various associated factors, such as history 

of contact with domestic animal, residence of study par-

ticipant, history of consumption of animal product, usage 

of clean water, educational background study participant, 

status of personal hygiene and status of latrine usage of 

study participant.

Risk of bias

�ree authors (KD, AA and EA) independently assessed 

the risk of bias for each original study using the 10 cri-

teria tool of Hoy 2012, which addresses internal and 

external validity [34]. �e tool mainly included (1) rep-

resentation of the population; (2) sampling frame; (3) 

methods of participants’ selection; (4) non-response bias; 

(5) data collection directly from subjects; (6) acceptabil-

ity of case definition; (7) reliability and validity of study 

tools;(8) mode of data collection; (9) length of preva-

lence period, and (10) appropriateness of numerator and 

denominator. Each item was classified as either low or 

high risk of bias. Finally, the overall score of risk of bias 

was then categorized into low (2), moderate (3–4), and 

high (> 5) out of 10 and almost all of the original studies 

fall under low risk of bias.

�e standard error for each original study was calcu-

lated using the binomial distribution formula. Evidence 

for statistical heterogeneity among reported prevalence 

was using the Cochrane Q-test and  I2 statics [35]. �e 

pooled proportion was estimated by using the back-

transform of the weighted mean of the transformed 

proportions for both the fixed-effects model and the 

random-effects model [36]. A significance level of P < 0.10 

and I2 > 50% was interpreted as evidence of heterogeneity 

[37]. A potential source of heterogeneity was investigated 

by subgroup analysis and meta-regression analysis [38]. 

Where statistical pooling was not possible, the findings 

were presented in a narrative form including tables and 

figures to aid in data presentation where appropriate.

Sensitivity analysis

Sensitivity analyses were conducted to weigh up the 

relative influence of each individual study on the pooled 

effect size using a user-written function, metainf. �e 

presence of publication bias was assessed informally by 

visual inspection of funnel plots [39]. Point prevalence, 

as well as 95% confidence intervals, was presented in the 

forest plot format.

Results
Study selection

A database search identified a total of 166 articles report-

ing the prevalence of Campylobacter species among chil-

dren less than 5 years of age. From these initial articles, 65 

articles were excluded due to duplication/repeated. From 

the remaining 101 articles, 74 articles were excluded after 

review of their titles and abstracts confirmed non-rele-

vance to this review, 27 articles were assessed with respect 

to their eligibility for inclusion, which resulted in the fur-

ther exclusion of 19 articles primarily due to the study 

done on animals [40–53], and 8 studies were included in 

the final systematic review and meta-analysis (Fig. 1).

Description of included studies

In this review, 8 papers published between 1997 and 

2017 and reported the prevalence and associated fac-

tors of Campylobacter species among children younger 

than 5  years of age were included in this study. In this 

systematic review and meta-analysis, 2250 study par-

ticipants were included to assess the pooled prevalence 

of Campylobacter species among children less than 5 

years of age. A total sample size of the included articles 

ranged from 153 to 630. �e lowest [54] and the highest 

[55] prevalence (3.5%) of Campylobacter species were 

reported from the same site, Jimma town, Oromia region, 

with prevalence of 3.5% and 16.7%, respectively. Of the 

included studies, three studies were from Amhara [56–

58], two from SNNPR [59, 60], two from Oromia [54, 55] 

and one from Addis Ababa [61] (Table 1).

Risk of bias

�e risk of bias tool [34] was used to assess the risk of 

bias for the included studies and almost greater than 80% 

of the studies had a low risk of bias. �e sample selection 
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and temperature during transport and the amount of any 

individual sample tested were specified in some of the 

studies. Campylobacter specific liquid and solid media 

were used in the majority of the studies. Campylobacter 

was incubated microaerophilically or in a candle jar in 

most of the studies.

Prevalence of Campylobacter species among less than 5 

years in Ethiopia

�e pooled prevalence of Campylobacter species in children 

less than 5 years of age in Ethiopia was 10% (95% CI: 7–13). 

Due to the presence of high heterogeneity (I2 = 84, p < 0.01), 

a random effect meta-analysis model was explored to assess 

Fig. 1 Flowchart of study selection for systematic review and meta-analysis of the prevalence and associated factors of Campylobacter species 
among less than 5-year-old children in Ethiopia

Table 1 Descriptive summary of  8 studies included in  the  meta-analysis of  the  prevalence and  associated risk factors 

of campylobacteriosis among less than 5-year-old children in Ethiopia, 2019

First authors Publication year Study method Study area Region Sample size Cases Prevalence 
with 95% CI

Mulatu [59] 2014 Cross-sectional Hawassa town SNNPR 158 20 13 (8–19)

Tafa [55] 2014 Cross-sectional Jimma town Oromia 227 38 17 (12–22)

Lengerh [56] 2013 Cross-sectional Gondar town Amhara 285 44 15 (11–20)

Kebede [60] 2017 Cross-sectional Hawassa town SNNPR 215 13 6 (3–10)

Asrat [61] 1997 Case control Addis Ababa city Addis Ababa 630 66 10 (8–13)

Ewunatu [57] 2010 Cross-sectional Bahir Dar town Amhara 210 16 8 (4–12)

Awole [54] 2002 Cross-sectional Jimma town Oromia 372 13 3 (2–6)

Mitike [58] 2000 Cross-sectional Dembia district Amhara 153 16 10 (7–16)
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the pooled prevalence of Campylobacter species in children 

less than 5 years of age in Ethiopia (Fig. 2).

For identification of the source of heterogeneity, we 

assessed the year when the study was published, the place 

where the study was done and the sample size using univari-

ate meta-regression models. However, all differences were 

not statistically significant. �e funnel plot showed some 

irregular distribution of articles. In our systematic review 

and meta-analysis, the highest prevalence, 17% (95% CI: 12, 

22) [55], and the lowest prevalence, 3% (95% CI: 2, 6) [54] 

were reported from the same study area which may be due 

to the study period and method and media used (Table  2, 

Fig. 3).

Fig. 2 Forest plot of the pooled prevalence of Campylobacter species among under-five children in Ethiopia

Table 2 Campylobacter species prevalence 

among  children less  than  5 years old and  assessment 

of source of heterogeneity in Ethiopia, 2019

Variable Coe�cient P value

Publication year 0.23 0.27

Sample size 0.23 0.02

Region

Oromia 0.70 0.01

Amhara 0.07 0.03

SNNPR 0.09 0.03

Addis Ababa NA NA

Fig. 3 Funnel plot with 95% confidence limits of the pooled prevalence of Campylobacter species among under-five children in Ethiopia
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Subgroup analysis

In the present study, subgroup analysis was performed 

based on the study area. Based on subgroup analysis, the 

Amhara region was the leading study area followed by 

Addis Ababa city and SNNPR, with a prevalence of 11% 

(95% CI: 8, 16), 10% (95% CI: 8, 13) and 9% (95% CI: 5, 

15), respectively (Table 3).

Risk factor associated with campylobacteriosis in Ethiopia

Association between contact with domestic animals 

and campylobacteriosis

In the current study, the association between contact 

with domestic animals like cat, dog, hen and pigeon and 

campylobacteriosis was assessed by using four studies 

[55, 56, 58, 60]. �e association showed that the occur-

rence of campylobacteriosis was significantly associated 

with contact with domestic animals. Based on this, the 

likelihood of campylobacteriosis occurrence was 3.2 times 

higher among children who contact domestic animals 

than among those children who do not contact domestic 

animal counterparts (OR: 3.2, 95% CI: 1.8, 8.5). No het-

erogeneity was observed during this analysis (I2 = 0% and 

p < 0.0001). �erefore, we explored random effect meta-

analysis model to assess the association (Fig. 4).

The association between the educational background 

of the mother and campylobacteriosis

In this study, we also assessed the association between 

the educational background of the mother and 

campylobacteriosis by using two studies [56, 60]. �e 

association showed that the presence of campylobacte-

riosis was significantly associated with mothers’ educa-

tional status that have less knowledge and information 

about the appropriate application of personal hygiene 

for themselves and to their children. Based on this, the 

likelihood of campylobacteriosis presence was 2.1 times 

higher among children whose mothers were illiterate 

compared to the educated mothers (OR: 2.1, 95% CI: 1.1, 

3.8) (Fig. 5).

Association between consumption of animal product 

and campylobacteriosis

�ree studies [55, 56, 60] were used to assess the asso-

ciation between the consumption of animal products 

and campylobacteriosis. Patients who drink milk and 

milk products were significantly associated with the 

presence of campylobacteriosis. Based on this, the 

likelihood of Campylobacter species occurrence was 

1.7 times higher among children who drink milk than 

among children who do not drink milk (OR: 1.7, 95% 

CI: 0.7, 4.5) (Fig. 6).

In this systematic review and meta-analysis, we also 

assessed the association between personal hygiene, 

use of clean water, residence of study participants, 

presence of latrines and prevalence of Campylobac-

ter species. None of them had an association with 

the prevalence of Campylobacter species in this study 

(Table 4).

Table 3 Prevalence of  Campylobacter species among  children less  than  5 years old by  subgrouping in  Ethiopia, 2019 

(n = 8)

Variable Characteristics Included study Sample size Prevalence with (95% CI)

Region Addis Ababa 1 630 10 (0.08–0.13)

Oromia 2 373 8 (0.01–0.22)

Amhara 3 599 11 (0.08–0.16)

SNNPR 2 373 9 (0.05–0.15)

Fig. 4 The pooled odds ratio of the association between campylobacteriosis and domestic animals in Ethiopia
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Discussion
Data on Campylobacter species among children less than 

5  years of age in Ethiopia are limited and are not cur-

rently available in aggregate form. We conducted a sys-

tematic review and meta-analysis to provide the pooled 

prevalence of Campylobacter species and associated risk 

factors. Campylobacter is one of four key global causes 

of diarrheal diseases [62]. It is considered to be the most 

common bacterial cause of human gastroenteritis in the 

world with an estimated 400 million cases per year [8, 

62]. �e information from this study might be used by 

policy makers in the prevention and control of infection.

In the present study, the pooled prevalence of Campy-

lobacter species in children less than 5 years of age indi-

cated that almost one in ten (10%) suffered from with 

campylobacteriosis. �e finding of our study is consist-

ent with studies conducted in Uganda [63], Zimbabwe 

[64], Egypt [65] and Madagascar [66] with prevalences 

of 9.3, 9.3, 9 and 9.7%, respectively. However, this finding 

is lower than those of studies conducted in South Africa 

[67] and Tanzania [68] with prevalence of 24.9 and 18%, 

respectively. Similarly, the result of this meta-analysis is 

much higher than the study conducted in Mozambique 

[69] 1.7%. �e possible explanation for this differences 

might be methodological variation, socio-demographics 

and cultural difference, which have a great impact on 

child feeding.

In the current study, the highest prevalence of 

Campylobacter species was observed in the Amhara 

region [56–58], with a prevalence of 11% followed by 

Addis Ababa city [70] 10%, whereas the lowest preva-

lence was observed in Oromia [54, 55] and SNNPR [60], 

with prevalences of 8 and 9%, respectively. �e results 

of this study showed that the prevalence of Campy-

lobacter species throughout the region is almost the 

same. However, the small variation might be due to the 

differences in socio-demographic, environmental and 

sociocultural factors. Moreover, quality of life might be 

affected by a lack of education and poverty, which may 

Fig. 5 The pooled odds ratio of the association between mother educational background and prevalence of Campylobacter species in Ethiopia, 
2019

Fig. 6 The pooled odds ratio of the association between the status of drinking milk and the prevalence of Campylobacter species in Ethiopia, 2019

Table 4 The pooled odds ratio of  the  association 

between  the  stated risk factor and  prevalence 

of  Campylobacter species among  under-�ve children 

in Ethiopia, 2019 (n = 8)

Variables Studies 
included

Participants OR (95% CI)

Contact with domestic 4 886 3.21 (2.04, 5.07)

Caregiver able to read and 
write

2 550 2.05 (1.12, 3.75)

Consumption of animal 
product

3 727 1.73 (0.66, 4.53)

Hand wash of caregiver 2 697 1.10 (0.67, 1.83)

Residence 2 500 0.76 (0.43, 1.35)

Latrine use 2 500 0.39 (0.20, 0.75)

Protected water used 3 727 0.44 (0.23, 0.830
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be directly associated with the occurrence of campylo-

bacteriosis among children less than 5 years of age.

In the present study, contact with domestic animals, 

uneducated mothers and drinking of milk before boil-

ing were significantly associated with the prevalence of 

Campylobacter species. �e likelihood of campylobac-

teriosis occurrence was 3.2 times higher among chil-

dren who contact domestic animals than among those 

children who do not contact domestic animals. Our 

study result is similar to studies performed in Colo-

rado [71], Kenya [72], Egypt [9, 65] and elsewhere [56], 

which showed that the prevalence of campylobacte-

riosis was significantly higher in children who contact 

domestic animals.

�e results of this meta-analysis showed that campy-

lobacteriosis was higher among children whose moth-

ers had no formal education. �is is in line with a study 

conducted in England [73], but a study conducted in 

New Zealand [74] showed high educational attainment, 

and home ownership greater than 50% was associated 

with increased an incidence of Campylobacter infec-

tion. �is result may be associated with these liter-

ate mothers having better knowledge and information 

about the appropriate application of personal hygiene 

for themselves and to their children, and they also have 

adequate information on the clinical features of diar-

rhea during its occurrence. Educated mothers had bet-

ter awareness than uneducated mothers, and they know 

about the mechanism of transmission and prevention 

and control of diarrhea due to campylobacteriosis.

Finally, children who drink milk before boiling 

and those who eat raw meat were more vulnerable to 

campylobacteriosis than those who do not drink milk 

before boiling or eating raw meat. Based on this, the 

likelihood of Campylobacter species occurrence was 

1.7 times higher among children who drink milk than 

among those who do not drink milk before boiling. �is 

finding is consistent with a study conducted in different 

areas of Ethiopia [41, 55, 56, 60]. �e consumption of 

animal products may alter the ecology and epidemiol-

ogy of Campylobacter in the environment and people, 

which may drive the emergence of new epidemiological 

patterns of disease.

Limitations of the study
�e collected article for this study was limited to the 

English language. �e study method (most were cross-

sectional) can affect the outcome variable by other con-

founding variables. Small sample size could affect the 

estimated pooled prevalence of Campylobacter species. 

�erefore, this meta-analysis represented only studies 

reported from a limited study area, which may reflect 

underrepresentation due to the limited number of stud-

ies included.

Conclusion
In this study, Campylobacter species among children 

less than 5 years of age in Ethiopia was significantly 

high. Regarding the associated risk factors, contact 

with domestic animals, illiterate mothers, consump-

tion of animal products, and mothers who do not use 

proper personal hygiene were found to be significantly 

associated with the prevalence of Campylobacter spe-

cies. �erefore, based on our findings, we recommend 

emphasis shall be given on health education about the 

protection of contact with domestic animals, cook-

ing of animal products before consumption, personal 

hygiene and proper disposal of wastes including excreta 

in integration with the existing national health exten-

sion program.
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