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Abstract

Introduction: Drinking water contamination is a worldwide problem and causes a
major public health threat, with most water contamination prevalent in developing
countries, including Ethiopia. There is no pooled overall prevalence of fecal coliform

contamination and its contributing factors in drinking water in Ethiopia.

Method: The review was conducted under the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and registered in
PROSPERO CRD42024537804. The following databases were used:
PubMed/MEDLINE, Worldwide Science, Google Scholar, and Science Direct. Two
independent reviewers identified studies, extracted data, and assessed the risk of
bias, and methodological quality. Statistical techniques like Higgins 12 were used to
investigate heterogeneity among the included studies. A funnel plot was developed
to evaluate reporting bias, and Begg’s and Egger’s tests were used to check funnel

plot symmetries.

Result: The overall pooled prevalence of fecal coliform contamination of drinking
water in study area was 55% (95% CI: 34, 77). Factors such as improved water
sources, humans sharing their house with animals, water shortage experience, and
educational status were significantly associated with fecal coliform contamination.
All factors had high heterogeneity, and we used a random effect model to estimate

the pooled odd ratio.

Conclusion: The pooled prevalence of fecal coliform contamination of drinking

water was considerably high. Consumption of drinking water from improved water
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40 sources, shortages of water, shared houses with animals, and educational statuses
41 were significantly associated with fecal coliform contamination of drinking water in
42 the country. All concerned body ought to provide due attention.

43 Keywords: prevalence, microbial water quality, fecal coliforms, associated factors,
44 drinking water, systematic review and meta-analysis, Ethiopia

45 1. Introduction

46 Pollution of drinking water poses a serious risk to human health and is a global issue.
47 Many microorganisms can spread through drinking water that has been contaminated
48 at the source, along the distribution chain, and at the end consumer (1, 2). Water
49 covers around 70% of the earth's crust, but most of the bodies of water are non-
50 consumable, with the drinkable type constituting only 2.5-3% of the land's water (3,
51 4). Drinking water availability is not only essential for well-being but also for
52 acceptable development, food security, and the improvement of living conditions.
53 Safe and clean drinking water were recognized as fundamental human rights by the
54 UN General Assembly (5-8). Access to safe and affordable drinking water is basic
55 human rights to enjoy and harmonize their life (9, 10).

56 Worldwide, 1.8 billion people use feces-contaminated drinking water, of which 1.1
57 billion drink water that has at least "moderate" risk (>10 E. coli or thermo-tolerant
58 coliform per 100 ml) (11). Pollution is most prevalent in South-East Asia (35%) and
59 Africa (53%), with drinking water being more contaminated in rural (41%) than
60 urban (12%) regions (12). In poor and middle-income nations, fecal coliform
61 bacteria pollution of drinking water in rural communities poses a serious threat to
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62 public health (13). Numerous studies also revealed that fecal coliforms contaminate
63 drinking water. For example, in Nepal, 81% of drinking water was contaminated at
64 household storage containers and 68% at the point of collection (14), 94% of
65 drinking water in Myanmar was contaminated with thermo tolerant (fecal) coliforms
66 (15), 78.42% of drinking water sources in Pakistan were contaminated with fecal
67 coliforms bacteria (16, 17), and another study conducted in Pakistan also found that
68 80% of drinking water sources were contaminated with sewage (fecal) matter (18).
69 According to Ethiopian Standard Agency rules and WHO 2017 guidelines about
70 drinking water and water quality, coliform bacteria cannot be found in 100-ml water
71 samples (19-21). Waterborne and water-related illnesses affect among 60% to 80%
72 of Ethiopia's populations (11). Fecal coliforms, also known as thermo-tolerant
73 coliforms (TTC), are frequently employed as markers of recent fecal contamination,
74 which is dangerous for human health. Escherichia coli, Klebsiella, Enterobacter, and
75 Citrobacter are examples of thermo-tolerant coliform bacteria that can produce,
76 recognize, and evaluate possible health concerns (22, 23). However, for the purposes
77 of this investigation, we employed fecal coliforms or thermo-tolerant coliforms
78 instead of each individual species (24).

79 Fecal pollution of drinking water is still a major public health concern in Ethiopia,
80 despite numerous encouraging initiatives and attempts in recent years to give the
81 country's citizens a safe water supply (2, 25). Fecal pollution of drinking water was
82 attributed by latrine availability, family size, economic level, experience with water
83 shortages, and educational attainment (26-28). In Ethiopia, the prevalence of fecal
84 coliforms and the factors that are linked to them in drinking water varies depending
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85 on the region, in urban and rural. The exact pooled total prevalence of fecal

86 coliforms (also known as thermo tolerant coliforms) and the factors that contribute to

87 it are unknown in Ethiopia. Furthermore, little is known about the current total

88 pooled prevalence of fecal coliforms in drinking water. Thus, the goal of this

89 systematic review and meta-analysis study is to compile the prevalence and

90 contributing factors of fecal coliform contamination in drinking water from

91 Ethiopian studies that are currently available.

92 2. Method

93 The review was conducted per the Preferred Reporting Items for Systematic Reviews

94 and Meta-Analyses (PRISMA) guidelines and has been registered in PROSPERO

95 under registration number CRD42024537804 (29, 30).

96 2.1. Search strategy

97 The studies were identified from peer-reviewed articles, grey literature, and

98 submissions from experts. To identify peer-reviewed literature, the topic “microbial

99 water quality” was combined with terms to restrict the search for drinking water and
100 measure the prevalence and associated factors of microbial water quality. We further
101 restricted the search in Ethiopia. The following databases were used:
102 PubMed/MEDLINE, Worldwide Science.org, Google Scholar, and Science Direct.
103 Search terms
104 To increase the probability of all-inclusiveness of the findings, search terms were
105 developed and combined using Boolean operators as follows:
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106 The search terms used were “prevalence," ‘“associated factors," ‘“microbial water
107 quality," “bacterial water quality," and “drinking water in Ethiopia. Prevalence and
108 associated factors of microbial water quality or associated factors of bacterial water
109 quality from drinking water in Ethiopia. We would undertake advanced searching by
110 combining the search terms using Boolean operators.

111 Search detail

112 ((("epidemiology"[MeSH Subheading] OR "epidemiology"[All Fields] OR
113 "prevalence"[All Fields] OR "prevalence"[MeSH Terms] OR '"prevalance"[All
114 Fields] OR '"prevalences"[All Fields] OR '"prevalence s"[All Fields] OR
115 "prevalent"[All Fields] OR "prevalently"[All Fields] OR "prevalents"[All Fields])
116 AND ("associate"[All Fields] OR "associated"[All Fields] OR "associates"[All
117 Fields] OR '"associating"[All Fields] OR "association"[MeSH Terms] OR
118 "association"[All Fields] OR "associations"[All Fields]) AND ("factor"[All Fields]
119 OR "factor s"[All Fields] OR "factors"[All Fields]) AND ("microbial"[All Fields]
120 OR "microbially"[All Fields] OR "microbials"[All Fields]) AND ("water
121 quality"[MeSH Terms] OR ("water"[All Fields] AND "quality"[All Fields]) OR
122 "water quality"[All Fields])) OR (("associate"[All Fields] OR "associated"[All
123 Fields] OR '"associates"[All Fields] OR "associating"[All Fields] OR
124 "association"[MeSH Terms] OR "association"[All Fields] OR "associations"[All
125 Fields]) AND ("factor"[All Fields] OR "factor s"[All Fields] OR "factors"[All
126 Fields]) AND ("bacterial"'[All Fields] OR '"bacterially"[All Fields] OR
127 "bacterials"[All Fields]) AND ("water quality"[MeSH Terms] OR ("water"[All
128 Fields] AND "quality"[All Fields]) OR "water quality"[All Fields]) AND ("drinking
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129 water"[MeSH Terms] OR ("drinking"[All Fields] AND "water"[All Fields]) OR
130 "drinking water"[All Fields]) AND ("Ethiopia"[MeSH Terms] OR "Ethiopia"[All
131 Fields] OR "Ethiopia s"[All Fields]))).

132 All searches were restricted to the year “between” 2000/1/1:2024/3/11 [pdat] and
133 only English language; however, each online database varies in terms of the earliest
134 articles available online.

135 Grey literature search terms were modified in the databases where required. Basic
136 terms were used for the grey literature. Bibliographies of included studies and
137 relevant reviews were searched. Based on the resources available, the titles and
138 abstracts from selected journals were reviewed. These papers were selected based on
139 the number of eligible articles identified in each paper in prior searches.

140

141 2.4. Eligibility criteria for study selection

142 Studies that meet the following inclusion criteria were included in the systematic
143 review and meta-analysis study.

144 e Water samples that were taken from the sources, reservoir, or point of use (tape or
145 container) that was used for drinking purposes.

146 e The article contained extractable data on fecal coliform bacteria or thermo-tolerant
147 coliform bacteria.

148 e The article was published in the years between 2000 and 2024.


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

149 e Only observational study designs such as cross-sectional, case-control, or cohort
150 studies were included.

151 We excluded the microbial water quality study that was not done in the English
152 language and out of Ethiopia. We included all studies conducted at all drinking water
153 sources, either protected or unprotected wells, springs, taps, and any water sources
154 that are used for drinking purposes. Furthermore, we included articles on fecal
155 coliform studies only, instead of articles on each specific species of fecal coliform.
156 2.5. Study selection

157 The approach differs for peer-reviewed and grey literature. Bibliographic software
158 (Endnote) was used to identify and remove duplicate articles. In addition, the manual
159 removal of duplicate articles was also done. Study selection was conducted in two
160 stages: screening of titles and abstracts, followed by screening of full texts, as well
161 as applying inclusion and exclusion criteria. Peer-reviewed articles selected to be
162 included in the study were put on an easy spreadsheet for easy manipulation.

163 Grey literature was screened by one reviewer. Search terms used in each database
164 were recorded, and the number of studies returned was recognized together with the
165 number selected based on the title and/or abstract. Selected studies were included in
166 the spreadsheet with the peer-reviewed literature, with an additional column to
167 indicate their source.

168 2.6. Data extraction and collection
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169 A data extraction table was developed in Excel to facilitate the extraction process.
170 Descriptive data from eligible studies (author, year of publication, sources, etc.) was
171 extracted, and we also extracted additional study characteristics thought to influence
172 microbial water quality. Then characteristics of the study were extracted, such as
173 country, region, setting (community or facility-based), study design, sample size, and
174 the number of samples that tested positive. We classified studies based on study
175 design, as this is thought to affect the extent to which they are affected by bias. Our
176 classification includes cross-sectional, case-control, and cohort studies. Additional
177 data were extracted specific to the quality parameters that the study examined
178 (prevalence and associated factors of fecal coliform contamination in drinking water.
179 Data extraction table for the characteristics of the studies included in the systemic
180 review (Table 1).

181 Once the data extraction was completed, 10% of the included studies were randomly
182 selected to assess the correctness of the data extracted (31). The results from all
183 reviewers were compared to determine the variability in data extraction, and any
184 disagreements were resolved by the third reviewer.

185 2.7. Assessment of study quality

186 The studies included were determined in terms of quality based on the criteria listed
187 in the GBI quality parameters (32, 33). A quality rating was based on the quality of
188 the paper in terms of methodology, outcome, reliability of measurement, and
189 appropriateness of statistical analysis, resulting in a point score of more than or equal
190 to 5. The final quality score was set for each study design through the discussion of
191 the reviewers. The study was not excluded based on a low-quality score, but we were
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192 exploring the influence of study quality on findings from the review by putting them
193 in two separate ways.

194 2.8. Analysis

195 Data were extracted in Microsoft Excel format, followed by analysis using STATA
196 Version 17 statistical software (34). The prevalence of fecal coliform contamination
197 of drinking water was determined for individual studies, and then the prevalence
198 ratio (PR) was calculated considering a 95% confidence interval (CI). Since there
199 was no heterogeneity, the analysis was performed using the fixed effect model
200 (inverse variance) (35). Moreover, associated factors for fecal coliform
201 contamination of drinking water were assessed, and the overall effect was
202 determined in the form of an odds ratio.

203 2.9. Regarding the missing data

204 The initial and/or corresponding authors were contacted by phone, email, or other
205 method to request any missed data and/or further information if any were not
206 included in the included research.

207 2.10. Heterogeneity

208 We used simple approaches to explore variations among all studies in alignment
209 with our research objectives. Heterogeneity was evaluated statistically by the P-value
210 of Cochrane Q-test statistics and the inverse variance index (I?). P-values less than
211 0.05 were statistically significant heterogeneity, whereas I 2 values were classified as
212 follows: low heterogeneity (0-25%), moderate heterogeneity (25-50%), and high

10
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213 heterogeneity (> 50%) (36, 37). We anticipated diverse results among the studies and
214 endeavored to understand the potential reasons for any specific outcomes. Forest
215 plots were done to produce the pooled estimates of the prevalence of fecal coliform
216 contamination of drinking water. The pooled prevalence of fecal coliforms was
217 homogeneous, and a fixed effect model was used to estimate. We used a random
218 effect model (DerSimonian and Laird’s) for associated factors of fecal coliform
219 contamination of drinking water because the pooled effect of associated factors had
220 high heterogeneity.

221 2.11. Publication bias

222 Studies with negative findings and, depending on the journal, interest could be
223 published less frequently, thereby creating a publication bias. The extent of
224 publication bias was measured using a funnel plot and Egger’s test for small study
225 effects (38). We also used Begg’s test to quantify publication bias. There was no
226 publication bias or small study effect in the funnel plot of this study.

227 2.12. Plans for updating the review

228 If necessary, revised or expanded versions of this systematic review and meta-
229 analysis will be made available.

230

231

232

11


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

233 3. Results

234 3.1. Search results

235 First, 220 articles were retrieved from different databases and gray literature
236 reporting the prevalence and/or associated factors of microbial water quality in
237 drinking water. Of these articles, 49 were excluded due to duplication. From the
238 remaining 171 articles, 103 were excluded after a review of their titles and abstracts,
239 which were useless to this review. Then, 40 articles were excluded depending on
240 full-text criteria. Consequently, 28 full-text articles were accessed and evaluated for
241 eligibility based on the pre-set criteria, which led to the further exclusion of 15
242 articles. Finally, 13 publications were gathered for this systematic review and meta-
243 analysis. Eleven of the thirteen included studies in this systematic review and meta-
244 analysis were published, while two were not. The review was conducted in
245 according with the PRISMA guidelines and flow diagram (39, 40) (figure 1).

246

247

248

249

250

251

252
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Figurel: Study selection procedure of flow diagram
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290 3.2. Study characteristics
291 This systematic review and meta-analysis includes 13 eligible studies with 4530
292 water samples that were tested for the prevalence of microbial water quality in
293 drinking water. The studies included both published and unpublished articles that
294 were conducted in the years 2000-2024. The entire selection of studies was a cross-
295 sectional study design. Regarding sample size, the sample size of the studies ranged
296 from 93 to 736. The lowest prevalence (26.1%) of fecal coliform-contaminated
297 drinking water was reported in a study conducted in Bahirdar City Administration,
298 Amhara Region (41) , and 29% in Eastern Tigrai (42), whereas the highest
299 prevalence (82.5%) of fecal coliform contamination was reported in a study
300 conducted in Wegeda town, Amhara Region (1). In this current systematic review
301 and meta-analysis study, six Ethiopian regions were represented. Six studies were
302 from Ambhara, two from SNNPR and Tigrai, and one from Somalia, Gambella, and
303 Harari. No studies were reported from Benishangul Gumiz, Addis Ababa, Dire
304 Dawa, Afar, or Oromia. All the water samples investigated were only from drinking
305 water either at households, reservoirs, or sources (1, 11, 12, 26, 27, 41-48). The
306 average quality score of included studies ranges from 5 to 8 as per the GBI quality
307 score adapted for cross-sectional studies (Table 2).
308 Table 2: Descriptive summary of 13 studies included in the meta-analysis of the
309 prevalence and associated factors of fecal coliform contaminations of drinking water
310 in Ethiopia 2024.
Publication . Study Study .| Sample No of Prevale
1d | Author Veur Source Region | &% | catting Duration | "7 ::;gef( (%) r?q?a{gfes Sc](ﬂe

14
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FC)
. . Cross Community
1 | Sitotaw et al. 2023 published Amhara . 6 Month 180 47 26.1
sectional | based Yes
5 | Mekomnen et 2019 published | Gambella | €T Community |4 o 357 201 56.3
al. sectional | based Yes
Gebrewahd . L Cross Community | 12
3 etal. 2020 published Tigrai sectional | based Month 290 84 29 Yes
Getachew et . Cross Community
4 al. 2021 published Amhara sectional | based 3 Month 736 534 72.6 Yes
Berihun et Cross Community
5 | al 2023 published Ambhara sectional | based 2 Month 412 272 66 Yes
Ashuro et al Cross Community
6 u ) 2021 published SNNPR sectional | based 2 Month 213 107 50.2 Yes
Getachew et Cross Community
7 | al 2018 published Ambhara sectional | based 4 Month 736 416 56.5 Yes
Gebremedhn Cross Community
8 | etal 2019 unpublished | Tigrai sectional | based 6 Month 145 63 435 Yes
Cross Community
9 | Asfaw et. al. 2016 published Somali sectional | based 4 Month 125 65 52 Yes
Cross Community
10 | Birhan et.el. 2022 unpublished | Amhara sectional | based 3 Month 675 420 62.2 Yes
Alemeshet Harari Cross Community
11 | Asefaetal. 2021 published Region sectional | based 448 359 80 Yes
Cross Community
12 | Sitotaw et al. 2021 published Ambhara sectional | based 8 Month 120 99 82.5 Yes
Gizachew et Cross Community
13 | al. 2020 published SNNPR sectional | based 1 Month 93 76 81.7 Yes
311 3.3. Prevalence of fecal coliform contamination of drinking water in
312 Ethiopia
313 The study showed that the pooled prevalence of fecal coliform contamination from
314 drinking water in Ethiopia was 55% (95% CI: 34, 77) (Figure 2). There was no
315 heterogeneity observed in the included studies (I> = 0.0, p = 0.999). Therefore, a
316 fixed-effect meta-analysis model was computed to estimate the pooled prevalence of
317 fecal coliform contamination from drinking water in Ethiopia. We used inverse
318 variance to run the analysis of the data in a fixed effect model. No subgroup analysis,
319 meta-regression, or sensitivity test was done due to the lack of heterogeneity.

15
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Sitotaw et al. (2023)
Mekonnen et al. (2019)
Gebrewahd et al. (2020)
Getachew et al. (2021)
Berihun et al. (2023)
Ashuro et al. (2021)
Getachew et al. (2018)
Gebremedhn et.al. (2019)
Asfaw et. al. (2016)
Birhan et.el. (2022)
Alemeshet Asefa et al. (2021)
Sitotaw et al. (2021)
Gizachew et al. (2020)

Overall, IV (I* = 0.0%, p = 0.999)

Effect
(95% ClI)

0.26 (-0.48, 1.01)
0.56 (-0.21, 1.34)
0.29 (-0.33, 0.91)
0.73 (0.11, 1.34)
0.66 (-0.12, 1.44)
0.50 (-0.45, 1.45)
0.56 (0.02, 1.11)
0.43 (-0.64, 1.51)
0.52 (-0.74, 1.78)
0.62 (0.03, 1.22)
0.80 (-0.02, 1.62)
0.82 (-0.79, 2.44)
0.82 (-1.01, 2.65)
0.55 (0.34, 0.77)

%
Weight

8.42
7.76
12.21
12.43
7.65
5.19
15.95
4.08
2.94
13.30
6.87
1.79
1.40
100.00

LI
0.25.5.75

T
1

Figure 2: Forest plot of the pooled prevalence of fecal coliform contamination of

drinking water in Ethiopia.

3.4. Risk of bias

Funnel plot symmetry was used to check the absence of publication bias (Figure 3).

The finding of the funnel plot presented that there was a symmetrical distribution in

the study. The funnel plot showed that there were no publication biases in the

included studies. To confirm this symmetry, we conducted objective-based (Begg’s

and Egger’s) tests. The results of Begg’s and Egger’s tests showed that there was no

statistically significant publication bias in estimating the prevalence of fecal

coliforms from drinking water in Ethiopia (Begg’s test, p=0.951; Egger’s

test, p=0.657). The finding revealed that there was no small study effect or

influence on the pooled effect size.
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Figure 3: Funnel plot with 95% confidence limits of the pooled prevalence of fecal

coliform from drinking water in Ethiopia.

3.5. Associated factors for fecal coliform contamination of drinking water in

Ethiopia

The association between the availability of toilet facilities and fecal coliform

contamination

In the current meta-analysis, we evaluated the association between availability of
toilet facilities and fecal contamination of drinking water from five included studies
(12, 26, 27, 44, 45). The findings from these five studies found that the availability
of toilet facilities in households was not significantly associated with fecal coliform
contamination of drinking water (OR: 0.68, 95% CI: 0.25, 1.79). The result of the

test statistics indicated that significant heterogeneity (I> = 95.1% and p < 0.000) was

17
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346 presented across the included studies. Therefore, a random effect meta-analysis
347 model was used to assess the association (Fig. 4).
Odds ratio %
Author ( Year ) (95% CI) Weight
Getachew et al. (2021) ' [ 1.32 (0.94, 1.84) 21.05
Berihun et al. (2023) E 0.10 (0.05, 0.24) 18.71
Getachew et al. (2018) ' —_— 2.11 (1.55, 2.88) 21.13
Birhan et.el. (2022) | 1.89 (0.87, 4.09) 19.03
Alemeshet Asefa et al. (2021) — i 0.22 (0.12, 0.39) 20.07
Overall, DL (I = 95.1%, p < 0.000) <_:_:> 0.68 (0.25, 1.79) 100.00
T T
1 1 5

348 . . . . . R

349 Figure 4 shows the pooled odd ratio of the association between the availability of

350 toilet facilities and fecal coliform contamination in drinking water in Ethiopia.

351 Association between types of water sources and fecal coliform

352 The association between types of water sources and fecal coliform contamination of

353 drinking water was inspected using four studies (12, 26, 44, 46). Three of the

354 included studies reported that types of water sources are significantly associated with

355 fecal coliform contamination of drinking water(12, 44, 46), whereas one study of

356 the included studies didn't show an association between types of water sources and

357 fecal contamination of drinking water(26). The findings of the current meta-analysis

358 showed that types of water sources were significantly associated with fecal coliform
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359 contamination. This result found that water fetched from protected water sources
360 was 68% less likely to be contaminated by fecal coliform than water fetched from
361 unprotected water sources (OR: 0.32, 95%; CI: 0.14, 0.71) (Fig. 5). The included
362 studies showed considerable heterogeneity (I2 = 88.5% and p< 0.000), hence a
363 random effect meta-analysis model was employed.
Odds ratio %
Author ( Year) (95% ClI) Weight
Getachew et al. (2021) _0_: 0.22 (0.12, 0.39) 25.10
Gebremedhn et.al. (2019) : 0.25 (0.12, 0.52) 23.06
Birhan et.el. (2022) | —_— 0.79 (0.58, 1.08) 27.64
Alemeshet Asefa et al. (2021) g T 0.22 (0.11, 0.41) 24.20

Overall, DL (I’ = 88.5%, p < 0.000) w 0.32 (0.14, 0.71) 100.00

T T
Sl 1 5

NOTE: Weights are from random-effects model

364

365 Figure 5: The pooled odd ratio of the association between types of water sources and
366 fecal coliform contamination of drinking water in Ethiopia

367 Shared houses with animals

368 To examine the association between humans sharing the same house with animals
369 and fecal coliform contamination of drinking water, studies that observed the
370 association between animal access to the same house with humans and fecal
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371 coliform contamination of drinking water were included(12, 26, 44). All of these
372 included studies showed that shared houses by both animals and humans were
373 positively associated with fecal coliform contamination of drinking water. The result
374 of the current meta-analysis indicated that human beings shared the same house with
375 animals, which was positively associated with fecal coliform. This result found that
376 human beings who shared their house with animals were 2.11 times more likely to
377 contaminate drinking water with fecal coliforms than their counterparts (OR: 2.11,
378 95%; CI: 1.39, 3.19) (Fig. 6). The included studies showed high heterogeneity (12 =
379 54.8% and p = 0.109), hence a random effect meta-analysis model was computed.
Odds ratio %
Author ( Year ) (95% CI) Weight
Getachew et al. (2021) —o—' 1.66 (1.10, 2.51) 38.16
Birhan et.el. (2022) —o—i— 1.86 (1.24, 2.79) 38.61
Alemeshet Asefa et al. (2021) : 3.83 (1.95, 7.53) 23.23
Overall, DL (I = 54.8%, p = 0.109) <> 2.11 (1.39, 3.19) 100.00

T
A

NOTE: Weights are from random-effects model

a -
=

380

381 Figure 6: The pooled odd ratio of the association between animals sharing the same
382 house with humans and fecal coliform contamination of drinking water in Ethiopia
383 Shortage of water
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384 To evaluate the association between water shortages in households and fecal
385 coliform contamination of drinking water. Three studies examined the association
386 between fecal coliform contamination of drinking water and water shortages, and all
387 studies showed that water shortages were significantly associated with fecal
388 contamination (27, 44, 45). The overall study showed that a shortage of water was
389 3.3 times more likely to be contaminated by fecal coliforms than their counterparts
390 (OR: 3.30, 95%CI: 2.18, 4.99) (Fig 7). The included studies showed that there was
391 significant heterogeneity (12 = 74.9%; p-value = 0.019); hence, a random effect
392 meta-analysis model was computed to estimate the final analysis.
Odds ratio %
Author ( Year ) (95% CI) Weight
Getachew et al. (2021) —b— 3.37 (2.41, 4.72) 34.65
Berihun et al. (2023) -.—o— 4.97 (3.16, 7.81) 29.24
Getachew et al. (2018) —o— 2.31 (1.71, 3.14) 36.12

Overall, DL (I = 74.9%, p = 0.019) O 3.30 (2.18, 4.99) 100.00

T T
A 1 5

NOTE: Weights are from random-effects model

393
394 Figure 7: The pooled odd ratio of the association between water shortage experience
395 and fecal coliform contamination of drinking water in Ethiopia
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Educational status

Finally, in this meta-analysis, we evaluate the association between the educational
status of the respondents and the fecal contamination of drinking water. We included
three studies in this meta-analysis; two of them were significantly associated with
fecal coliform contamination (12, 27) , and one of them was not significantly
associated with fecal coliform contamination of drinking water (26). The pooled odd
ratio of this meta-analysis directed that respondents who are educated were 39% less
likely to contaminate their drinking water as compared to their illiterate counterparts
(OR: 0.61, 95%CI: 0.43, 0.85) (Fig 8). In this meta-analysis, the included studies
were presented with high heterogeneity (I> = 57.9%; p = 0.093), and then we

employed a random effect meta-analysis model to determine the association.

Odds ratio
Author ( Year) (95% ClI)
Getachew et al. (2018) —b— 0.62 (0.45, 0.83)
|
Birhan et.el. (2022) _i_°__ 0.78 (0.57, 1.06)
Alemeshet Asefa et al. (2021) - 0.36 (0.19, 0.68)
Overall, DL (I* = 57.9%, p = 0.093) <> 0.61 (0.43, 0.85)
T T

%

Weight

40.36
39.65
19.99

100.00

-1 1 5

NOTE: Weights are from random-effects model
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408 Figure 8: The pooled odd ratio of the association between the educational status of
409 respondents and fecal coliform contamination of drinking water in Ethiopia

410 4. Discussion

411 Water quality is one of the most neglected public health problems in the world. The
412 condition is worsening in the rural areas of many of the developing countries,
413 including Ethiopia (49, 50). Estimating the pooled prevalence of fecal coliform
414 contamination and its contributing factors in Ethiopia may inform decision-makers
415 in the country to design effective intervention. To the best of our knowledge, this
416 systematic review and meta-analysis is the first study to assess the pooled prevalence
417 of fecal coliform contamination and its associated factors in drinking water in
418 Ethiopia.

419 The current meta-analysis study revealed that more than half (55% (95% CI: 34, 77))
420 of drinking water samples in the study area was contaminated with fecal coliforms,
421 which is in line with the systematic review and meta-analysis study conducted in low
422 and middle-income countries (38%) (22), study conducted in Africa (53%) (51), in
423 South-East Asia (35%) (51), Rwanda (75%) (52), and a study done in Pakistan
424 (64.11%) (53), Pakistan (58%) (54), Pakistan (37%) (16). However, the prevalence
425 of fecal coliform in the present study was lower than those studies conducted in
426 Myanmar (94%) (55), Western Kenya (95%) (56), and Nepal (94%) (57). This
427 difference might be due to differences in socioeconomic status, sample size,
428 laboratory quality, trained manpower, study period, hand washing, and hygiene
429 practices. All these factors may be contributed to microbial contamination of
430 drinking water. The current study was not complying with WHO and Ethiopian
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431 standard agency guidelines for drinking water quality 0 CFU/100ml water sample for
432 fecal coliform (19-21), which call for urgent intervention to safeguard the health of
433 the community. On the contrary, the pooled prevalence of fecal coliform in the
434 current study was higher than studies conducted in Pakistan (23.8%) (58), Virginia
435 USA (6.6%) (59), and Maryland USA (15.3%) (60). This might be due to the
436 discrepancy in limited access to water treatment, knowledge and attitude towards
437 water safety, availability and accessibility of safe drinking water, socioeconomic
438 status, educational status, and types of water samples tested. This study finding
439 indicates that many rural areas of Ethiopia rely on unimproved drinking water sources like
440 unprotected wells, springs, rivers, or any other surface water sources that are potentially
441 liable for contamination by environmental pollutants, including human and animal
442 wastes as well as agricultural residues in the area. This situation significantly
443 contributes to microbial contamination of drinking water at the source that threatens
444 public health. The other possible reason that could have contributed to microbial
445 contamination of drinking water in the study area is poor water handling at the
446 household level, where the actual contamination occurred and significantly elevated
447 the bacterial contamination of drinking water.

448 The current study was also aimed at identifying the associated factors of fecal
449 coliform contamination of drinking water in the study area. In this study, the types of
450 water sources, human beings sharing the same house with animals, water shortage,
451 and educational status of the respondents were significantly associated with fecal
452 coliform contamination of drinking water.
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453 The likelihood of fecal coliform contamination of drinking water was 39% less
454 likely to occur among households that can read and write as compared to their
455 counterparts. The findings of this study are consistent the study conducted in Ghana
456 (62%) (61). Even if the magnitude differs, education is a protective factor for fecal
457 contamination of drinking water. The high prevalence of fecal coliform
458 contamination of drinking water in households was higher in illiterate people. This
459 might be due to a lack of awareness about water handling practices, hand washing
460 habits, and infection transmission, as well as a poor awareness about pollution
461 prevention and water treatment (62). In addition, education has a great impact on
462 changing behaviors and attitudes at the household level that reduce microbial
463 contamination of drinking water. Moreover, education may increase consciousness
464 about methods of transmission and prevention of fecal coliform contamination that
465 ultimately minimize microbial contamination of drinking water.

466 Households that used improved water sources for drinking purposes were 68% less
467 likely to be exposed to contaminated water by fecal coliforms than their
468 counterparts, which align with the study conducted in Ethiopia (63), Kenya (56), and
469 Zimbabwe (64). This could be because of protected water sources are less exposed to
470 contaminants like human and animal feces, plant leaves, floods and water runoff,
471 higher rainfall, higher stream discharges, suspended sediment loads,
472 microorganisms, soil dust, and particles (65-67). This contributes to less
473 contamination of drinking water by fecal coliforms (68). On the other hand drinking
474 water from unprotected water sources may have the chance of drinking water
475 contamination by fecal coliform that endanger the health of the population.
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476 Shortage of water was 3.3 times more likely to expose the household to fecal
477 coliform contaminated water than those households that didn’t face a water shortage.
478 This finding corresponds with the study conducted in the Gaza Strip (69). This
479 means that fecal coliform contamination of drinking water occurred as a result of
480 intermittent water supply. This might be due to distribution line crust and spoilage,
481 low attention to hand washing practices, and unsanitary activities in the household
482 level (70), which facilitates contamination of drinking water by fecal coliforms.

483 Participants who shared their house with animals were 2.11 times more likely to
484 exposed to drinking water contaminated by fecal coliforms as compared to their
485 counterparts. This finding is in agreement with the study conducted in Uganda (71),
486 Bangladesh (71), Nepal (72), Bangladesh (73), and Kenya (74). This might be due to
487 close contact of animal feces with water, the household may not keeping its
488 cleanliness, a lack of knowledge about animal feces removal, and poor hand washing
489 practices. All these reasons could contribute to contamination of drinking water by
490 fecal coliforms, since animal wastes are full of fecal coliforms (75, 76).

491 4.1. Strengths and Limitations of the Study

492 This systematic review and meta-analysis study had the following strength: first, the
493 review used different databases to search all the relevant studies. Second, all the
494 studies included in this meta-analysis were laboratory-based, which gives the
495 findings better validity. Lastly, this systematic review and meta-analysis study
496 follows the updated PRISMA guidelines. This systematic review and meta-analysis
497 study had several limitations. First, most of the studies present the status of water
498 quality in terms of risk level (low, medium, and high) and association with hygiene
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499 practice, and only a few studies used the percentage and proportion of fecal
500 coliforms. Secondly, only a few microbial water quality studies were conducted in
501 the country, which makes it difficult to obtain sufficient risk factors to make a
502 pooled odds ratio of association. Thirdly, this study included only English articles.
503 Fourth, all of the studies included in this review were cross-sectional; as a result, the
504 outcome variable might be affected by other confounding variables. Some of the
505 studies included in this review had a relatively small sample size, which could affect
506 the estimated prevalence reported. Finally, this meta-analysis represented only
507 studies reported from six regions of the country, which may reflect
508 underrepresentation due to the limited number of available studies.

509 5. Conclusion

510 In this study, the pooled prevalence of fecal coliform contamination in drinking
511 water samples was considerably high and failed to comply with WHO guidelines and
512 Ethiopian standard agency guidelines for drinking water. The result for this
513 systematic review and meta-analysis showed that using drinking water from
514 improved water sources, shortage of drinking water, shared houses with animals, and
515 the educational status of respondents were significantly associated with fecal
516 coliform contamination of drinking water, which could increase the risk of infectious
517 disease and may lead to waterborne outbreaks in the country unless appropriate
518 measures are taken. Hence, the minister of health, along with the water and energy
519 minister, ought to provide due attention to strengthen the quality and accessibility of
520 safe drinking water. Moreover, strengthen and incorporate regular water quality
521 monitoring programs into the surveillance system. Further, health education about
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household hygiene and sanitation practices, safe storage and handling of drinking
water, proper disposal of animal excreta, including the separation of houses for
humans and animals, and strengthening the existing health extension program were

necessary to address the problem.
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