
EatSafe: Evidence and Action Towards Safe, 
Nutritious Food 

Literature Review on 
Foodborne Disease Hazards in 
Food and Beverages in Ethiopia 

March 2022 



This EatSafe report presents evidence that will help engage and empower consumers 
and market actors to better obtain safe nutritious food. It will be used to design and test 
consumer-centered food safety interventions in informal markets through the EatSafe 
program.  

Recommended Citation: Global Alliance for Improved Nutrition. 2022. Literature 
Review on Foodborne Disease Hazards in Food and Beverages in Ethiopia. A USAID 
EatSafe Project Report. 

Authorship: Florence Mutua, Ianetta Mutie, Maureen Kuboka, Eithne Leahy, and Delia 
Grace conducted the literature review and wrote the draft report. Elisabetta Lambertini 
and Haley Swartz wrote portions of the report, reviewed drafts, and provided quality 
control. Elisabetta Lambertini provided input into the methodology and interpretation of 
findings. Caroline Smith DeWaal and Bonnie McClafferty reviewed and provided 
feedback on the full draft. 

Acknowledgements: The authors acknowledge the detailed review by Silvia Alonso as 
well as Theo Knight-Jones and team for sharing unpublished data. 

For additional information, please 
contact: 
• Richard Pluke, EatSafe Chief of Party,
rpluke@gainhealth.org
• Caroline Smith DeWaal, EatSafe Deputy
Chief of Party, cdewaal@gainhealth.org

Global Alliance for Improved Nutrition  
1201 Connecticut Ave NW Ste 700B-2 
Washington, D.C. 20026 

This document was made possible through support provided by Feed The Future 
through the U.S. Agency for International Development (USAID), under the terms of 
Agreement #7200AA19CA00010. The opinions expressed herein are those of the 
Global Alliance for Improved Nutrition (GAIN) and do not necessarily reflect the views of 
USAID or the United States Government. 

Agreement Type 
Cooperative Assistance 
Agreement Number 
7200AA19CA00010/Project Year 3 output 
Period of Performance 
June 31, 2019 – July 30, 2024 
Geographic Scope 
Global Food Security Strategy Countries 

USAID Technical Office 
Bureau for Food Security (BFS)/Office of 
Market and Partnership Innovations (MPI) 

Agreement Officer Representative 
Lourdes Martinez Romero 



1 

TABLE OF CONTENTS 

LIST OF TABLES AND FIGURES ................................................................................................ 2 
ACRONYMS AND ABBREVIATIONS .......................................................................................... 2 
EXECUTIVE SUMMARY .............................................................................................................. 3 
1. INTRODUCTION .................................................................................................................. 5 

1.1. OBJECTIVES AND STRUCTURE OF THIS REPORT ................................................. 6 
2. FOODBORNE HAZARDS REVIEW ..................................................................................... 6 

2.1. METHODOLOGY .......................................................................................................... 6 
2.2. FINDINGS ..................................................................................................................... 7 

2.2.1. BOVINE DAIRY PRODUCTS ............................................................................... 9 
2.2.2. BEEF ................................................................................................................... 10 
2.2.3. EGGS .................................................................................................................. 11 
2.2.4. FRUITS AND VEGETABLES .............................................................................. 11 
2.2.5. GRAINS, NUTS, and SEEDS ............................................................................. 13 

2.3. COMPARISON OF FINDINGS TO FERG ESTIMATES ............................................. 14 
3. BEVERAGE HAZARD REVIEW ......................................................................................... 14 

3.1. METHODOLOGY ........................................................................................................ 14 
3.1.1. QUALITY ASSESSMENT AND DATA EXTRACTION ........................................ 14 

3.2. FINDINGS ................................................................................................................... 15 
3.2.1. TYPES OF BEVERAGES ................................................................................... 16 
3.2.2. BIOLOGICAL HAZARDS IN ALL BEVERAGES ................................................. 17 
3.2.3. BOVINE DAIRY PRODUCTS (MILK AND YOGURT) ......................................... 20 
3.2.4. CAMEL MILK ...................................................................................................... 21 
3.2.5. WATER, BY REGION ......................................................................................... 22 
3.2.6. FRUIT JUICES .................................................................................................... 23 
3.2.7. CHEMICAL HAZARDS IN BEVERAGES ............................................................ 23 

4. DISCUSSION ...................................................................................................................... 24 
5. CONCLUSION .................................................................................................................... 26 
6. REFERENCES ................................................................................................................... 30 
7. APPENDICES ..................................................................................................................... 42 

7.1. APPENDIX 1: BEVERAGE SYSTEMATIC LITERATURE REVIEW PROTOCOL ..... 42 
7.2. APPENDIX 2: SUMMARY OF ARTICLES INCLUDED IN THIS REVIEW .................. 44 



 

 2 

LIST OF TABLES AND FIGURES 

Table 1. Hazards associated with the highest global FBD burden per year, within each 
category (2) ...................................................................................................................... 5 
Table 2. Detection of microbial hazards in fresh fruits and vegetables in Ethiopia ........ 12 
Table 3. Types of data extracted during systematic review on foodborne hazards in 
beverages consumed in Ethiopia ................................................................................... 15 
Table 4. Hazard and hazard proxy occurrence by record, type of product, and source 18 
 
Figure 1. Foodborne hazard categories identified in the review (% of articles) ............... 7 
Figure 2. Illustrative distribution of bacterial hazards studied in foods in Ethiopia .......... 8 
Figure 3. Number of eligible food safety publications on beverages, by year ............... 16 
Figure 4. Number of beverage records, by region ......................................................... 16 
Figure 5. Number of articles reviewed on beverages consumed in Ethiopia ................ 17 
Figure 6. Positive bacterial hazards or hazard proxies reported in beverages ............. 17 
 
 
ACRONYMS AND ABBREVIATIONS 

CFU Colony Forming Unit 
DALYs Disability Adjusted Life Years 

EatSafe Evidence and Action Towards Safe, Nutritious Food 
FAO Food and Agriculture Organization of the United Nations 
FBD Foodborne diseases 

FERG Foodborne Disease Burden Epidemiology Reference Group 
GAIN Global Alliance for Improved Nutrition 
HICs Higher-Income-Countries 
ILRI International Livestock Research Institute 

LMICs Lower- and Middle-Income Countries 
Log 10 Logarithm base 10 
USAID Agency for International Development 

WHO World Health Organization 
  



3 

EXECUTIVE SUMMARY 

Ethiopia bears a significant burden of foodborne disease (FBD). As in other African 
countries, traditional markets play a vital role in suppling food to Ethiopian consumers. 
However, little if any oversight exists to monitor the safety of foods sold at those 
markets. Conditions at the market itself could contribute to food contamination, for 
example due to inadequate infrastructure, vending practices, or poor environmental 
health. Feed the Future’s EatSafe: Evidence and Action Towards Safe, Nutritious Food 
(EatSafe) undertook a comprehensive two-part review of the published literature to 
synthesize existing evidence on the occurrence of biological and chemical hazards in 
foods and beverages in Ethiopia.  

This report is organized in three parts: Section 1 presents objectives and methodology, 
while Sections 2 and 3 present findings on hazard occurrence in food and beverages, 
respectively. Section 2 details findings from recent literature review efforts, synthesizing 
97 articles published from 1990 to 2021 on chemical and biological hazards detected in 
foods sold and consumed in Ethiopia. Section 3 presents methods and findings of a 
new literature review conducted by EatSafe on beverage-borne hazards consumed in 
Ethiopia, covering 118 articles published from 2000 to 2021.  

Regarding hazard occurrence in foods (Section 2), 70% of included studies 
investigated the presence of bacterial hazards. In animal source foods, in particular the 
beef and dairy value chains, Salmonella spp., E. coli, and Staphylococcus aureus were 
documented most frequently. This level of attention seems justified by the high 
contamination prevalence observed, although there may be a bias likely due to the 
importance of these commodities in the Ethiopian food economy. Conversely, data are 
lacking on viral pathogens and parasites. While some studies found fresh vegetables to 
be highly contaminated with parasites and bacteria, comparatively little data was 
available for this commodity category, thus supporting the choice of fresh vegetables as 
a focus for EatSafe’s activities. Only three studies reported on egg contamination. 

Regarding hazard occurrence in beverages (Section 3), 58% of included studies 
covered raw or pasteurized cow milk and camel milk. A quarter of records (28%) 
covered water, while 13% examined fruit juices. More biological hazards (n=469) than 
chemical hazards (n=70) were identified. Almost all (94%) biological hazards were 
bacteria, while a small portion were fungi and parasites (5% and 1%, respectively). Of 
the bacterial hazards, the most frequently reported were Escherichia coli (21%), 
Staphylococcus spp. (22%), and Salmonella spp. (11%). Antimicrobial residues, heavy 
metals, and pesticides were also reported by a small number of studies.   

In general, results from the reviews were compatible with disease burden estimates 
from the World Health Organization’s Foodborne Disease Epidemiology Reference 
Group (FERG), the most credible global source of FBD burden estimates. Notably, 
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Salmonella spp. and E. coli feature prominently in both the reviews and FERG 
estimates. However, certain hazards that the FERG considers high priority but are 
difficult to assess (e.g., Campylobacter spp.) are underreported in the reviews. 
Moreover, while the FERG did not consider S. aureus, this was one of the most 
reported bacteria in the reviews. 

This report represents an important step in gathering and synthesizing scientific 
evidence to inform upcoming EatSafe research activities and interventions to improve 
food safety in traditional markets in Ethiopia.  
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1. INTRODUCTION

Although access to safe food is a basic human right (1), foodborne diseases (FBD) 
continue to present significant global health challenges. FBD is caused by food that 
carries bacteria, viruses, parasites, foreign material, and chemicals that makes food 
unsafe for human consumption.  

The Foodborne Disease Burden Epidemiology Reference Group (FERG), a World 
Health Organization (WHO) group of experts focused on FBD, provides the best 
estimates of the foodborne disease burden globally (2,3). Using global data on 31 
foodborne hazards, the FERG estimates about 600 million people become sick each 
year and 420,000 die, resulting in an estimated FBD burden of 33 million Disability 
Adjusted Life Years (DALYs)(4).1 A subsequent FERG study estimated a burden of over 
one million additional disease cases, 56,000 deaths, and nine million DALYs attributed 
to four foodborne heavy metals (i.e., arsenic, cadmium, lead, and methylmercury) (5). 
Additional detail on bacterial, viral, and chemical disease agents from the FERG studies 
are in Table 1. 

Table 1. Hazards associated with the highest global FBD burden per year, within each category (2) 

 HAZARD DALYs CASES (#) DEATHS (#) 
DALYs/100,000 

PEOPLE IN 
SUBREGION 

AFR E 
BACTERIAL AND VIRAL 
Non-typhoidal Salmonella enterica 4,067,929 78,707,591 59,153 193 (44-336) 
Vibrio cholera  1,722,312 763,451 24,649 143 (4-343) 
Enteropathogenic E. coli 2,938,407 23,797,284 37,077 138 (6-327) 
Enterotoxigenic E. coli 2,084,229 86,502,735 26,170 105 (17-240) 
Norovirus  2,496,078 124,803,946 34,929 76 (0-225) 
Campylobacter spp.  2,141,926 95,613,970 21,374 70 (33-117) 
Shigella  1,237,103 51,014,050 15,156 37 (0-148) 
Shiga-toxigenic E. coli 12,953 1,176,854 128 0.08 (0.02-0.2) 
CHEMICAL 
Lead 5,243,184 583,569 0 82 (0-707) 
Methylmercury 1,963,869 226,655 0 37 (9-210) 
Arsenic 1,338,879 199,422 49,451 13 (3-24) 
Aflatoxin 636,869 21,757 19,455 3 (1-8) 
Cassava cyanide 8,203  1,066 227 3 (0.3-9) 
Cadmium 70,513 12,224 2,064 1 (0.1-12) 
Dioxins 240,056 193,447 0 0.2 (0.09-9) 

1 One DALY is equivalent to one year of “healthy” life that is lost. 
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Regionally, the FERG found that for two of the four heavy metals listed above, Africa 
sub-region E2 had the top two highest FBD burden per capita. Ethiopia, the focus of this 
report, belongs to that sub-region. As shown in Table 1, the top five hazards as per 
DALY burden are biological. While non-typhoidal Salmonella ranks highest in terms of 
DALYs and deaths, Campylobacter spp. and norovirus rank first and second in illness 
numbers – reflecting frequent but less severe illnesses. 
 
1.1. OBJECTIVES AND STRUCTURE OF THIS REPORT 
Feed the Future’s Evidence and Action Towards Safe, Nutritious Food (EatSafe) aims 
to improve food safety in traditional food markets by focusing on the consumer. This 
report presents the existing body of evidence on the occurrence of foodborne hazards in 
foods and beverages commonly consumed in Ethiopia. In conjunction with other 
research studies, this report will inform the design of EatSafe’s consumer-facing 
interventions in Ethiopia.3 
 
This report is organized in two parts: 

• Section 2 on Hazards in Foods, which synthesizes results from a review of 
foodborne hazards in Ethiopia from 1990 to 2021 (3);   

• Section 3 on Hazards in Beverages, which presents the results of a new 
review of beverage-borne hazards in Ethiopia from 2000 to 2021. 

 
The following research questions grounded both reviews:  

• What biological and chemical hazards have been identified in foods and 
beverages consumed in Ethiopia?  

• What is the prevalence (i.e., percent of contaminated products) and 
concentration of hazards in foods and beverages consumed in Ethiopia?  

• What is the spatial distribution of studies reporting these hazards (i.e., where, 
within the country, were the studies conducted)? 

 
2. FOODBORNE HAZARDS REVIEW  

2.1. METHODOLOGY 
EatSafe consortium partner ILRI previously conducted a systematic literature review 
covering a broad range of foodborne hazards in Ethiopia, including evidence from 1990-

 
2 Countries in this sub-region include: Botswana; Burundi; Central African Republic; Congo; Côte d'Ivoire; 
Democratic Republic of the Congo; Eritrea; Ethiopia; Kenya; Lesotho; Malawi; Mozambique; Namibia; 
Rwanda; South Africa; Swaziland; Uganda; United Republic of Tanzania; Zambia; Zimbabwe. Note these 
countries are classified in the same sub-region based on similar levels of mortality, as Africa sub-region E 
corresponds to high child and very high adult mortality. 
3 In particular, this review will inform the choice of specific hazard(s) and commodities that will be included 
in EatSafe risk assessment activities in Ethiopia.  
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2017 (3). A second supplemental review was conducted to identify more recently 
published articles, covering 2017-2021. This section summarizes findings from both 
searches. The search protocol for the systematic review is detailed in (3), and the 
supplemental search used the same methods. Data was extracted from 97 articles that 
fulfilled the inclusion criteria and met acceptable quality standards. 
 
2.2. FINDINGS 
Of the 97 articles selected for data extraction, the vast majority (70%) investigated the 
presence of bacterial hazards (Figure 1), followed by 20% on parasites. Only a minority 
of articles addressed viruses or chemical hazards. The distribution of bacterial hazards, 
in terms of percent of articles, is shown in Figure 2.  
 

 

Figure 1. Foodborne hazard categories identified in the review (% of articles) 
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Figure 2. Illustrative distribution of bacterial hazards studied in foods in Ethiopia  

 
In terms of value chains, bovine dairy and beef were the most studied. The focus on 
these two value chains is possibly a reflection of the importance of livestock in Ethiopian 
food systems, and of funding to support research on them. 
 
More recent results from the supplemental search confirm these hazard prevalence 
rates. While gaps in several hazards and commodities remain, EatSafe identified an 
increase in published literature for vegetables from 2017 to 2021. 
 
The most investigated and detected hazards are pathogenic bacteria (Figure 2). While 
each species or subspecies results in different clinical presentations, most can cause 
acute gastroenteric illness, often including diarrhoea and associated complications, as 
well as numerous long-term sequelae of infection. Several of these pathogens are 
estimated to cause the highest burden among FBD, worldwide and in the Africa 
subregion AFR-E including Ethiopia (2). Among chemical hazards, long-term exposure 
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to aflatoxins can lead to carcinogenicity, in particular liver cancer, immunotoxicity, and 
growth impairment, as well as acute liver toxicity in extreme cases (6). 
 
The following sections presents results by value chain. 
 
2.2.1. BOVINE DAIRY PRODUCTS  
Six articles investigating microbial contamination in the bovine dairy products value 
chain (excluding milk and yogurt, covered in the beverage review) were identified, 
covering four bacterial pathogens and one suspect pathogen (Mycobacterium). Five 
hazards were identified in various stages of the Ethiopian bovine dairy value chain: 
Staphylococcus, Listeria, Bacillus cereus, Salmonella, and Mycobacterium.4 
 
Staphylococcus spp. – This pathogen enters the dairy production chain when it is 
shed in milk by cows. The likelihood that cows shed S. aureus varies based on 
geographical location and farming systems but is closely related to hygiene practices 
during milk handling. While five studies investigated the occurrence of S. aureus in 
bovine milk, and found a prevalence ranging from 7% to 50% at multiple stage of the 
milk production and processing chain (7–10); see Section 3), no study investigated the 
presence of this pathogen in cheese or other dairy foods. 
 
Listeria spp. – Studies in Addis Ababa identified Listeria spp. in ice cream (43% of 
samples), cheese (0%-4%), and cottage cheese (2%-5%) (11–14). In a different study, 
cheese was found to be highly contaminated with the hazard (60%), more so than raw 
milk (19%) and yogurt (5%) (15). While pasteurization will kill this bacterium, 20% of 
pasteurized milk samples still contained this pathogen, likely due to cross-contamination 
during processing (15). 
 
Bacillus cereus – Over 60% of ayib samples (an Ethiopian traditional cheese) sold at a 
traditional market were contaminated with Bacillus cereus (11). 
 
Salmonella spp. – In supermarkets and retail shops located in Gondar, Salmonella 
spp. was not detected in cottage cheese samples (16). For context, over 10% of 
individuals working in Addis Ababa dairy farms were found positive for Salmonella (10). 
 
Mycobacterium spp. – No study investigated the presence of this genus in bovine 
dairy products other than milk. A large study involving cattle (n=1,220) found 
Mycobacterium tuberculosis (15%), M. bovis (44%) and atypical mycobacteria (39%) in 

 
4 Mycobacterium spp. is of primary importance for animal health and only a suspect human pathogen. 
Because the foodborne hazard review excludes milk, it is mentioned here for completeness. However, the 
three articles described in the Mycobacterium sub-section are excluded from the number of studies in the 
foodborne hazard review, instead included in the beverage review (Section 3).  
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milk from tuberculin-positive cows (17). Two other studies found that 8%-18% of 
tuberculin sensitive cows were shedding M. bovis or M. tuberculosis in milk (11%) 
(18,19).5 
 
2.2.2. BEEF  
Because consumption of raw beef meat is common in Ethiopia, the presence of 
foodborne pathogens is particularly relevant to this value chain. A total of 23 studies 
investigated microbial contamination in the beef value chain. 
 
Salmonella spp. – Salmonella was detected in 12% of raw meat samples, 8% of 
minced meat samples, and 3% of raw burger samples (16). In another study, only two of 
200 (1%) beef samples were positive for Salmonella spp. (20). Salmonella was 
observed in raw beef products at a prevalence ranging from 2% to 26% in abattoirs, and 
4% to 70% in retail (21–26). 
 
Listeria spp. – Approximately half of 61 minced beef meat samples analyzed in one 
study (14) were positive for Listeria spp., and one of these positive samples was 
confirmed as L. monocytogenes (14). Another study found a 28% prevalence of Listeria 
spp. Four percent of beef samples contained L. monocytogenes, which has higher rates 
of antimicrobial resistance (27). 
 
E. coli O157 – Eight studies examined the prevalence of E. coli in beef samples. One 
study found a E. coli O157 prevalence of 8% in meat samples from abattoirs and 
butcher shops in Addis Ababa (28). Six recent articles investigated the presence of 
generic E. coli in raw beef meat or carcasses in the Oromia region. Prevalence in raw 
beef meat products sampled at abattoirs or retail ranged from 19% to 45%, with the 
highest prevalence observed at retail (22,29,30). In particular, prevalence of E.coli 
O157:H7 ranged from 1% to 19% at abattoirs and retail. (29–32). One study focusing 
E.coli O157:H7 on carcass swabs at processing plants (including skin, intestinal, and 
fecal swabs) found a much lower prevalence of 1-2%, possibly due to the sampling 
method used, or to the processing plant exhibiting a higher degree of food safety 
controls than other establishments (33). 
 
Shigella spp. – A study involving butcher shops in Gondar town isolated Shigella in 9% 
of raw meat samples. Contamination was also reported in swabs of chopping boards 
(13%), hands (11%), and knives (11%) (34). 
 

 
5 Shedding refers to the transfer of microbes from one living animal to another (Note this can include 
humans). The route of shedding may include milk, feces, coughing, or milk. 
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Staphylococcus aureus – S. aureus was identified in 12% to 25% of raw beef 
products in abattoirs (7,22) and in half of butcher shop beef samples (35). In another 
study on environmental samples in abattoirs, four knife and slaughter line swab samples 
tested positive for S. aureus, as did all hand swabs (7). Assessing concentrations in raw 
beef samples collected at urban butcher shops, one study found a mean of 4 Log 
CFU/g, considered unacceptably high (21). 
 
Mycobacterium bovis – In one study, 6% of carcasses were found positive for M. 
bovis upon postmortem examination (36). The study also found poor agreement 
between routine and detailed abattoir inspection, and well as between results of 
inspection and culture detection, with 14% of carcasses harboring mycobacteria that 
were not detected by the detailed abattoir inspection. While Mycobacterium spp. is of 
primary importance for animal health, it is a suspect human pathogen and included here 
for completeness. 
 
2.2.3. EGGS 
Four studies on eggs were identified. A study in Addis Ababa found that 5% of raw shell 
egg samples were positive for Salmonella enteritidis (n=384) (37). In another study, 
18% (n=50) of raw egg samples were found positive for Salmonella spp. (16). Finally, 
Salmonella was also detected in one out of 30 egg sandwich samples (38). One study 
found a somewhat higher prevalence of Salmonella in eggs sold at markets (4-5%) than 
in eggs collected at farms (0-2%) (39). 
 
2.2.4. FRUITS AND VEGETABLES 
A total of six studies on fresh vegetables were identified (see Table 2). Most studies 
focused on parasites – unlike for other commodities – and only one study investigated 
bacteria. No study examined viral occurrence, highlighting a key gap in evidence on 
foodborne hazards and risk.  
 
Parasites – Four studies investigated the presence of parasites in fruits and 
vegetables. One study found that half of the 36 fruit and vegetable sampled tested 
positive for at least one parasite, and of those testing positive, half were contaminated 
with two parasite species (40).6 Contamination rates differed by product type, and 
included 71% of tomatoes, 67% of kale (Brassica oleracea), 62% of carrots, 60% of 
lettuce (Lactuca serriola), 49% of bananas, 40% of mangoes, and 38% of avocado 
samples. Two other small-scale studies confirmed the prevalence levels observed for 
individual parasites. However, one large recent study found a relatively lower 

 
6 A. lumbricoides (21%) was the most frequently detected parasite, followed by Toxocara spp. (16%), 
Hymenolepis nana (16%), Entamoeba histolytica or E. dispar (14%), and Giardia intestinalis (10%). 
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prevalence of some parasites in multiple vegetable sampled at markets in Bahir Dar 
City (41). 
 
Bacterial contamination – Varying levels of microbial contamination were identified in 
fruits and vegetables. In one study of lettuce and green peppers (each n=40), 
Salmonella was detected in 10% of samples and Shigella in 30% (100% and 97% 
penicillin-resistant, respectively), in addition to coliform counts above 4 Log CFU/g in 
48% and 35% of lettuce and green pepper samples, respectively (42). In the same 
study, 80% of samples had high Staphylococcus counts (between 4 and 6 Log CFU/g). 
A different study examined the presence of E. coli O157:H7 in lettuce sold at Addis 
Ababa markets found a relatively low (0.5%) prevalence (43).  
 
Table 2. Detection of microbial hazards in fresh fruits and vegetables in Ethiopia 

COMMODITY, REF. HAZARD/TARGET CONTAMINATION LEVEL 

Multiple FFV: avocado, 
lettuce, cabbage, 
carrot, tomato, 
banana, mango 
 
(40) 

Parasites  

54% any parasite (n=36) 
A. lumbricoides (21%), 
Toxocara spp. (16%), 
Hymenolepis nana (16%),  
E. histolytica/E. dispar (14%),  
Giardia intestinalis (10%),  
H. diminuta (8%),  
Cyclospora spp (7%), Cryptosporidium spp (5%), 
Cystoisospora belli (3%) 

Lettuce, green 
peppers 
 
(42) 

Coliforms, fungi, 
bacteria 

n=40 for commodity 
Salmonella: 10% (lettuce and peppers), 
Shigella: 12.5% (lettuce), 25% (peppers) 
Staphylococci mean levels: 4.6 Log CFU/g 
(lettuce), 5 Log CFU/g (peppers) 

Multiple fresh 
vegetables: tomato, 
lettuce, carrot, 
cabbage, green 
peppers 
 
(40) 

Parasites 

n=45 
A. lumbricoides (7% - 27%), 
Toxocara (4% - 24%), 
Hymenolepis nana (0% - 18%),  
E. histolytica/E. dispar (2% - 16%),  
Giardia intestinalis (2% -18%),  
H. diminuta (0% - 16%),  
Cystoisospora belli (0% - 9%) 

Multiple fresh 
vegetables: pepper, 
lettuce, cabbage. 
guava (44) 

Parasites 

Cryptosporidium spp.: 0-17% (Pepper 11%, n=9; 
Lettuce 0%, n=13; Cabbage 8%, n=12; Guava 
17%, n=6) 
Giardia lamblia: 0-17% (Pepper 0%, n=9; Lettuce 
15%, n=13; Cabbage 17%, n=12; Guava 17%, 
n=6) 
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Multiple fresh 
vegetables: cabbage, 
spinach, lettuce, 
carrots 
 
(41) 

Parasites 

n=384 
Cryptosporidium spp.: 1% - 2% 
E. histolytica/E. dispar: 2% - 4% 
Giardia lamblia: 1% - 3% 
Strongyloides spp.: 1% - 4% 

Lettuce 
 
(43) 

E. coli O157:H7 n=390,  
0.5%  

 
 
2.2.5.  GRAINS, NUTS, AND SEEDS 
Four articles reporting on chemical hazards in grains, nuts, and seeds were identified. 
 
In one study examining mycotoxins, ochratoxin was the most frequently identified 
hazard, isolated in teff (27%; n=33), wheat (23%; n=107), sorghum (22%; n=78) and 
barley (26%; n=103) (45). Aflatoxin B1 was found in teff (23%; n=35) and barley (11%; 
n=115), while deoxynivalenol was identified in 90% of sorghum (n=33) and 35% of 
barley (n=20) samples (45).   
 
Aflatoxin prevalence ranged from 23% to 41% in samples of groundnut seeds and 
locally produced groundnut cake (halawa) over two consecutive crop seasons (n=80 in 
each year) 7 (46). Beyond groundnut products, another study of mycotoxin 
contamination in maize from farms in south and southwest Ethiopia found high 
concentrations8 of Zearalenone compounds, Fumonisins B1-B4, and Aflatoxin B1(47). 
 
In another study, all samples of maize consumed were contaminated with 
Dichlorodiphenyltrichloroethane (DDT), at a mean concentration of 1.8 mg/kg (48). 
Specifically, over three-quarters of maize samples for human consumption collected 
from households at three sites contained levels above the standards set by the 
European Union and/or the Codex Alimentarius (i.e., maximum residue levels for 
DDT/DDE in maize 0.05 and 0.1 mg Kg-1 respectively) (49,50), highlighting the potential 
risk when maize is used as an ingredient in complementary foods. This study also 
investigated organochlorine and organophosphate pesticide residues in other cereal 
crops (sorghum, millet, rice). 
 

 
7 Concentration levels in both products combined ranged from 1.7 to 2,526 μg kg-1 for B1, and from 0.1 to 
237 μg kg-1 for B2. 
8 Prevalence of Aflatoxin B1 was 8% (mean concentration of 606 μg kg-1), 51% to 70% for Fumonisins 
B1-B4 (mean concentrations of 85-606 μg kg-1), and 81% to 96% for Zearalenone compounds. 
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2.3. COMPARISON OF FINDINGS TO FERG ESTIMATES 
The findings on contamination levels of the review, presented in the previous section, 
was consistent with estimates of disease attribution to different commodity categories in 
the FERG estimates, for the Africa sub-region E including Ethiopia (4). In particular non-
typhoidal Salmonella, one of the most important bacteria in terms of public health, was 
studied in numerous publications in Ethiopia (and elsewhere). However, viruses were 
under-represented and chemicals over-represented in the publications identified by the 
review, compared to FDB burden attributed to them in the FERG estimates. This 
highlights that viruses are relatively understudied compared to their estimated burden. 
The high representation of chemical hazards in the published literature is possibly an 
indication of increased funding for research targeting them. The review also searched 
for and identified publications on important foodborne pathogens that were not included 
in the FERG study (e.g., Staph. aureus and Bacillus cereus). It should be kept in mind 
that hazard occurrence data cannot be directly linked to disease burden without a 
proper risk assessment effort. Hence, no comparison is drawn here between frequency 
of hazard occurrence reported in the literature and disease burden estimated by FERG. 
 
3. BEVERAGE HAZARD REVIEW  

3.1. METHODOLOGY 
EatSafe conducted a systematic literature review focused on peer-reviewed articles 
published from 2000 to 2021 that examined consumption of beverages (including water) 
in rural and urban communities in Ethiopia. The review followed PRISMA guidelines.9 
Appendix 1 presents the review protocol, including inclusion and exclusion criteria. The 
search process for this review followed the same approach for a similar EatSafe in 
Nigeria review on foodborne and beverage-borne hazards consumed in Nigeria (51).  
 
Given the scarce literature on hazards in Ethiopia, hazard proxies are also included 
(i.e., the broader categories of pathogens that have a subset of hazards). For example, 
more studies on E. coli exist compared to toxigenic E. coli, although many E. coli strains 
are non-pathogenic. Similarly, bacteria that cause opportunistic human infections (e.g., 
Alcaligenes spp.,) were included. Moreover, some of these bacteria are also spoilage 
organisms, and while not the direct focus of the study, presence of spoilage organisms 
is important when planning interventions, as preventing spoilage is a major incentive for 
value chain actors. 
 
3.1.1. QUALITY ASSESSMENT AND DATA EXTRACTION 
Data extraction and quality assessment happened concurrently, using the same quality 
assessment methods from the Nigeria review (i.e., three quality categories including 

 
9 PRISMA refers to Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 
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good, medium, poor for each inclusion criterion, assessed by two Reviewers). To 
capture data from the studies included in this review, EatSafe used the same data 
extraction template developed for previous Nigeria review (see Table 3 for types of 
extracted data).10  
  
Table 3. Types of data extracted during systematic review on foodborne hazards in beverages 
consumed in Ethiopia 

DATA EXTRACTED  CATEGORIES OF THE EXTRACTED DATA  
Geographical location Oromia, Addis Ababa, Amhara, Tigray Regions 
Type of study Cross sectional, descriptive, laboratory based cross-sectional  
Name of the beverage Raw milk, yogurt, water, fresh and packed juice 
Category of the hazards Biological, chemical  
Name of the hazard Bacteria, fungi, parasites, heavy metals 
Point of sampling Retail, point of consumption, etc. 
Sampling method used Random, purposive, composite, stratified 

Diagnostic tests used Assays, biochemical tests, Flame atomic absorption 
spectroscopy, culture media, multiple tube method 

Samples analysed and that 
tested positive Number(s) 

Raw data on hazard 
concentration, if available Number  

 
 
3.2. FINDINGS  
A total of 512 studies were retained for full text screening; of these, data were extracted 
from 118 publications. A summary of these data is provided in Appendix 2. The included 
studies yielded a total of 539 unique hazard records. Throughout this section, the 
number of records is used as the primary unit of information, in addition to the number 
of articles on a commodity/hazard pair. Because a “record” refers to the information 
about a commodity/hazard included in an article, an article may include multiple records 
(e.g., if the study targeted several hazards).  
 
During the 20-year time period studied, there has been an increase in the number of 
published articles focusing on food safety in Ethiopia (see Figure 3)11 – a trend mirrored 
in the EatSafe review on this topic in Nigeria (51).  
 
Most studies focused on four regions within Ethiopia, with the highest in Amhara, 
followed by Oromia, Addis Ababa, and Tigray (Figure 4). Clarifying why these areas are 

 
10 Data on incidence rates, attack rates, death rates, DALYs, and economic impacts were not available for 
extraction, for almost all the papers reviewed 
11 Between 2000 and 2002, there were zero publications identified. 
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more prevalent in the literature was beyond the remit of this review, though large urban 
areas may have dominated study settings more than rural settings. Sidama, the region 
where Hawassa is located, was considered in six articles (nine records). 
 

 
Figure 3. Number of eligible food safety publications on beverages, by year 

 

 
Figure 4. Number of beverage records, by region 

 
3.2.1. TYPES OF BEVERAGES 
Excluding alcoholic beverages, 514 records on beverages included cow and camel milk 
(58%), water (28%), and fruit juices (13%).12 (Figure 5). Milk records (n=296) included 
raw milk (88%) and fermented milk (12%). Water surveys (n=142) were from tap water 
(55%), surface water (22%), ground water (18%), and bottled water (5%). 
 

 
12 The remaining 1% were studies examining energy drinks and were excluded from this review.  
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Figure 5. Number of articles reviewed on beverages consumed in Ethiopia  

The review found both biological (n=469 records) and chemical (n=70) hazards, out of 
the 539 records included in the review.  
 
3.2.2. BIOLOGICAL HAZARDS IN ALL BEVERAGES 
Of the records on biological hazards or hazard proxies reported (n=469), 94% were 
bacteria, 5% were fungi, and 1% were parasites. Sixty-seven (15%) of the bacterial 
strains investigated were not hazards per se but rather provided indication of 
contamination or were broader categories of bacteria that also include pathogenic 
strains (total bacterial counts, coliforms, Enterobacteriaceae etc.). Also included for 
completeness are hazards that cause rare, opportunistic human infections such as 
Alcaligenes spp., and Erwinia spp. These organisms do not usually cause infections in 
healthy individuals, but can infect persons with compromised immune system 
responses, e.g. due to other infections or severe malnutrition. Of the 303 records that 
reported bacterial hazards, E. coli (21%), Staphylococcus spp. (22%), and Salmonella 
spp. (11%) were the most frequently reported (Figure 6).   
 

Figure 6. Positive bacterial hazards or hazard proxies reported in beverages  
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Table 4 outlines the bacterial pathogens found in beverages and associated 
prevalence. The presence of coliforms, an indicator of fecal pollution, was reported in 
water, milk, and fruit juices. For parasites, Cryptosporidium spp. and Giardia spp. were 
reported in water samples (as well as in fresh vegetables, see Section 2).  
 
Table 44. Hazard and hazard proxy occurrence by record, type of product, and source 

REF. N* SOURCE BACTERIAL CONTAMINANTS, 
PREVALENCE AND COUNTS  

BOVINE DAIRY PRODUCTS (MILK) 
(52) n=407 Farm L. monocytogenes (9%) 

L. innocua (7%) 
L. seeligeri (3%) 
L. grayi, L. welshimeri, and L. murrayi (each approx. 0.7%) 

(53) n=62 Farm Staphylococcal aureus (11%) 
E. coli 0157:H7 (10%) 
S. typhimurium (10%) 
S. enteritidis (7%) 

(54) n=380 Vendors E. coli (39%) 
Farm E. coli (28%) 

(55) n=15 Street 
vendors Total plate count: 8.69 Log CFU/ml 

Producers Total plate count: 6.98 + 0.15 Log CFU/ml 
N/A  Household Staphylococcus spp (24%), 

Bacillus spp (12%),  
Micrococcus spp (8%), 
Pseudomonas spp (8%), 
Streptococcus spp (5%) 

(56) n=39 Farm Total aerobic bacterial: 4.92  Log CFU/ml 
Cooperatives Total aerobic bacterial: 4.46 Log CFU/ml 

(57) n=86 Dairy farm E. coli (31%) 
Shops E. coli (63%) 

(58) n=180 Dairy farm Bacterial count: 7.35 + 0.180  Log CFU/ml 
Shop Bacterial count: 7.35 + 0.180  Log CFU/ml 

Cafeteria Bacterial count: 7.42 + 0.272  Log CFU/ml, 
E. coli (44%), 
Staph. aureus, Streptococcus spp (each 26%)  

(59) n=108 Farm, 
transport 
containers at 
collection 
centers 

Gram-positive staining bacteria (95%) 

Supermarket Gram-positive staining bacteria (87%) 
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BOVINE DAIRY PRODUCTS (YOGURT) 
(60) n=N/A Farm, retail Staph. aureus 
(61) n=93 Farm, retail Aflatoxin M1 
(62)  N/A Farm cafeteria Staph. aureus (22 positive samples) 
(63) n=200 Cafeteria Staph., including S. aureus 
(15) n=20 Farm Listeria (10%) 

  (64) n=20 Farm S. aureus (0%); 
Coagulase negative Staph. (10%) 

(65) n=50 Supermarket, 
cafeteria Listeria (4%) 

(66) n=18 Household, 
market E. coli O157:H7 (44%) 

(67) n=25 Household  Staphylococcus: 8.6  Log CFU/ml 
(68) Varies Retail Multiple 
(69) n=60 Farm Staphylococcus: 5.5  Log CFU/ml 

(70) n=52 Farm, retail 
Total bacterial count 
Coliforms 
Enterobacteriaceae 

CAMEL MILK 
(71) n=24 Producers Salmonella (66%) 

Wholesalers Salmonella (83%) 
(72) n=126 Farm and 

Market 
Staphylococcus spp. (90%), 
Streptococcus spp. (54%), 
E. coli (32%),  
Salmonella spp. (18%), 
Klebsiella spp. (6%),  
Enterobacter spp. (6%)  

WATER 
(73) n=25 Multiple E. coli (76%) 
(74) n=125 Pipeline, 

water 
reservoir, 
household 
water 
containers 

E. coli (52%) 
Shigella spp (8%),  
Salmonella (7%), 
Vibrio spp (6%) 

(75)  n=70 Protected 
springs E. coli (35%) 

(76) n=37 (Un)protected 
surface water 
sources 

Giardia spp (14%) 
Cryptosporidium spp (3%) 
Both parasites (3%) 

FRUIT JUICE 
(57) n=86 Juice houses E. coli (38%) 
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* n = total number of samples analyzed 

 
Although not covered in depth in the review, resistance to commonly used antibiotics 
was reported in some studies. For instance, E. coli isolated from fruit juice showed 
resistance to antibiotics such as clindamycin (80% of isolates), ampicillin (70%), 
sulfamethoxazole-trimethoprim (60%), erythromycin (60%), chloramphenicol (50%), and 
kanamycin (50%) (57). In a different fruit juice study, a high proportion of E.coli isolates 
were found resistant to erythromycin (100%), ceftriaxone (67%), tetracycline (67%), 
ciprofloxacin (60%), and chloramphenicol (50%) (77). In the same study, all S. aureus 
isolates showed resistance to erythromycin and amoxclavulic acid, and a high 
proportion were resistant to other antimicrobials including 18% to tetracycline, 59% to 
ciprofloxacin, 41% to gentamicin, and 65% to chloramphenicol (77).  
 
3.2.3.  BOVINE DAIRY PRODUCTS (MILK AND YOGURT) 
Bovine dairy products are very often found to be contaminated by bacterial pathogens 
at various stages in production chains. This section summarizes evidence on 
prevalence of different pathogens, organized by beverage type (i.e., raw milk, 
pasteurized and raw milk combined, and yogurt). 
 
Milk – A diverse group of bacterial hazards and pathogens were found in both raw and 
pasteurized milk. While 20% of samples were positive for L. monocytogenes (9%), L. 
innocua (7%), and L. seeligeri (3%) in one study (n=407) (52), another found a 34% and 
3% positivity rate for E. coli and E. coli O157:H7, respectively (n=380) (54). Another 
study found contamination of other pathogens, including Staphylococcus spp. (24%) 
and Bacillus spp. (12%) (55). Other studies found lower estimates, including E. coli 
0157:H7, Salmonella typhimurium, and Staphylococcus aureus, each present in 11% of 

(77) n=45 Juice houses, 
Cafes 

Salmonella (20%), 
Shigella spp (24%), 
S. aureus (36%), 
E. coli (20%) 

(78)  Mango 
(n=15), 
Avocado 
(n=17) 

Juice houses S. aureus (42% in mango, 20% avocado) 
E coli (26% in mango, 60% avocado) 
Salmonella spp (57% in mango, 40% avocado) 
Shigella spp (85% in mango, 20% avocado) 

(79) n=36 Juice houses Enterobacteriaceae: 7.8x104 CFU/ml, 
Coliform: 6.1x104 CFU/ml, 
Fecal coliform: 0.13x104 CFU/ml, 
S. aureus (12%), 
Enterobacter spp. (8%),  
E. coli (7%),  
Klebsiella spp, Enterococcus spp. (each 5%), 
B. cereus, Streptococcus spp., Serratia spp. (each 3%) 
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raw milk samples (n=30) (53), as well as 20% of pasteurized milk samples containing 
Listeria, likely due to cross-contamination during processing (15). At the household 
level, rates of E. coli in raw milk ranged from 21% to 55% in two districts of the Oromia 
Region of Ethiopia (80).  
 
In a recent study conducted in the Gondar region, almost all raw and pasteurized milk 
samples (95%) collected at milking, transport, processing, pasteurization, and retail 
levels were positive for gram-positive bacteria, including Staphylococcus spp, Bacillus 
cereus, and others (59). At the retail level, E. coli prevalence ranged from 63% in milk 
shops to 31% at dairy farms (57). Data on overall bacterial counts indicated significant 
contamination in milk samples across retail locations in Ethiopia: higher rates among 
street vendors compared to milk farmers (54,55), lower rates in cooperatives as 
compared to farmers (56), and higher rates in homes and cafeterias as opposed to dairy 
farms and vending shops (81). 
 
Yogurt – Fermented milk products, in particular ergo and yogurt, were investigated by 
12 studies, most of them in Oromia, Amhara, or Addis Ababa, with sample sizes ranging 
from 18 to 200. One study was conducted in Hawassa (69). Ergo, a cultured milk 
product, is produced at different conditions than yogurt, but the two products are 
considered as one category by several authors.  Ergo or yogurt were found to be 
contaminated by Staphylococcus aureus at a 3-46% prevalence range (62,63,66) while 
it was not detected in a small-scale study where other Staphylococci were detected 
(n=20) (64). Concentrations of Staphylococcus spp. were not always assessed, but two 
studies found an average of 5.5 Log CFU/ml (69) and 8.6 Log CFU/ml (67). Listeria spp. 
was detected in 4-10% of yogurt samples (15,65) and L. monocytogenes in 5% (n=20) 
(15). When different products were compared, yogurt was contaminated at a lower 
frequency than cheese for both Listeria and Staphylococcus (15,62), and sometimes 
more (15) and sometimes less than raw milk (62) 
 
While several studies investigated E. coli or coliform bacteria as hygiene indicators 
(66,67,69,70) only one study investigate the occurrence of pathogenic E.coli O157:H7, 
without detecting it in yogurt (n=18), while it was detected in raw cow and camel milk 
(66). 
 
In terms of chemical hazards, one study (61) detected aflatoxin AFM1 in yogurt, at 
concentrations potentially posing health risk to children, but lower than for milk, cottage 
cheese, and butter. 
 
3.2.4. CAMEL MILK 
Salmonella spp. positivity rates in camel milk (n=24) varied based on value chain stage, 
ranging from 66% by producers, 83% in wholesalers, and 100% at retail (71). Another 
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study found a prevalence of 90% for Staphylococcus spp., 54% for Streptococcus spp., 
32% for E. coli, and 18% for Salmonella spp. (72). Staphylococcus had the highest 
prevalence at production, while Streptococcus prevalence increased from production to 
market (a trend also observed in coliform levels). 
 
3.2.5. WATER, BY REGION 
Microbial contamination has been observed in a range of water sources throughout the 
country. The microbial targets most often investigated are bacterial indicators of fecal 
contamination. This section summarizes evidence of microbial contamination in water 
used for drinking purposes and is organized by region. No evidence was identified from 
Sidama, the region where the city of Hawassa is located. Of the two neighboring 
regions, Oromia and the Southern Nations, some information is available for Oromia. 
 
Oromia Region – Households water sources in the Oromia Region of Ethiopia had E. 
coli in 55% of studied samples (80). Three-quarters of river water samples and dug well 
water in Oromia did not comply with WHO guidelines for human drinking water 
standards, including E. coli contamination (73).13 However, samples had higher 
positivity rates in the rainy season as compared to the dry season.  
 
Amhara Region – Water samples from southern parts of Lake Tana in the Bahir Dar 
area contained the following pathogens: total coliforms (100%), Clostridium perfringens 
(90%), fecal coliforms (86%), and E. coli (82%) (82). Another study from Bahir Dar City 
found lower prevalence rates with samples from springs, reservoirs, and taps within 
households including total coliforms (21%), fecal coliforms (19%) and E. coli (18%) (83). 
In particular, E.coli was detected in 100% of spring water (n=4), 20% of reservoir water 
samples (n=10), and 17% of tap water (n=126) samples (83). 
 
Somali Region – In Jigjiga City, water from household containers, pipeline, and 
reservoirs found contamination rates of 52% for E. coli, and rates of 6% to 8% for 
Shigella spp, Salmonella, and Vibrio spp, while half of household and pipeline water 
samples were positive for fecal coliforms (74). In particular, E. coli was detected in 55% 
(n=60) of household samples, and 30% (n=30), 80% (n=15), and 67% (n=15) of 
pipeline, reservoir, and “beyollie” (donkey cart water vendor) respectively (74). 
 
Tigray Region – Parasites, including Giardia spp and Cryptosporidium spp, were 
identified in Tigray water sources (76). 
 

 
13 WHO guidelines prescribe the absence of E. coli from 100 ml sample of water directly intended for 
human consumption. 
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North Gondar Zone – Over 70% of samples from urban and rural parts of the North 
Gondar Zone were positive for indicator bacteria, including 50% of fecal coliforms and 
35% positive for E. coli (75). 
 
3.2.6. FRUIT JUICES  
The primary hazards identified in fresh fruit juices, including avocado, mango, papaya, 
and guava juices sold at cafés and juice houses include S. aureus (contamination rates 
ranging 12% to 42%), Shigella spp (20% to 85%), Salmonella spp (20% to 57%), and E. 
coli (7% to 60%), though contamination rates varied based on the type of fruit drink and 
geographic location (57,77–79). 
 
3.2.7. CHEMICAL HAZARDS IN BEVERAGES  
Seventy records reported on chemical hazards (13% of 539 records): heavy metals (44 
records), pesticides (10), minerals (8), aflatoxins (4), and antimicrobial residues and 
nitrates (each 2 records). This section contains a smaller number of records than for 
microbial hazards and includes both drinking water sources and milk. 
 
Aflatoxin – Bovine milk samples taken from dairy farmers in and around Addis Ababa 
City contained aflatoxin contamination in 26% of samples (84). In Bishoftu town, 100% 
of milk samples (n=108) from both industry and local producers had aflatoxin, as did 
yogurt samples (n=93) (61). 
 
Antibiotic Residues – Twelve percent of milk samples from Nazareth dairy farms 
tested positive for Oxytetracycline and penicillin G (83% and 16% of samples tested 
above the recommended limit, respectively) (85). Organochlorine pesticide residues 
were identified in human and cow milk samples collected from South-West Ethiopia 
(86). Tests on drinking water samples from reservoirs and wells in Jimma City and the 
water treatment plant that supplies Addis Ababa, identified levels of 2,4-
Dichlorophenoxyacetic acid, malathion, diazinon, and Pirimiphos-methyl (87). 
 
Heavy Metals – In Tigray, river water samples tested for eight heavy metals were all 
above the respective WHO limit, including zinc (100% of samples), iron (76%), cobalt 
(76%), lead (64%), cadmium (44%), nickel (44%), chromium (40%), and copper (16%) 
(88). Another study did not find cadmium and cobalt in the tap water samples after 
testing, though iron, manganese, and lead levels were higher than recommended (89). 
Assessing the suitability of flood water for drinking, among other uses, found lead 
concentration levels above the WHO standard (90). Water from Lake Beseka in Oromia 
contained lead, cadmium, arsenic, and iron concentration levels above WHO guideline 
limits (91). 
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Fluoride – Three-quarters of river water samples and dug well water in the Oromia 
region did not comply with WHO guidelines for human drinking water standards, 
including due to high fluoride concentrations (80). 
 
4. DISCUSSION   

The two systematic review efforts presented here, synthesizing over 20 years of 
evidence on hazard occurrence in foods and beverages in Ethiopia, contribute to 
evidence-based and risk-based design of food safety interventions. The evidence points 
to medium-high frequency of contamination in a wide variety of foods and beverages, 
covering a broad range of hazards and across multiple points in the supply chains, from 
production to retail. Overall, the data paint a picture of widespread contamination 
affecting a broad range of food supply chains. The hazards detected can be transferred 
to food from humans, animals, or the environment. Hence, a One Health systemic 
approach, programmatically accounting for multiple routes of transmission (human, 
animal, environmental) appears warranted. 
 
The studies covered 11 of 13 Ethiopian regions, to varying degrees; however, only a 
limited number of studies were conducted in Sidama, the region where the city of 
Hawassa -EatSafe’s study site- is located (these were six studies on biological hazards 
in milk and fermented milk, identified by the beverage review). 
 
Traditional markets, while playing a key role in the accessibility, quality, and safety of 
foods, were generally not explicitly targeted in hazard studies. However, several studies 
investigated foods or beverages at multiple stages along their supply chain, including at 
retail. For example, the studies of milk and some dairy products, where contamination 
was detected more frequently, included evaluation points from production to retail. This 
review is extremely useful to identify critical points where interventions could be 
beneficial and highlights the value of “farm to fork” interventions that engage multiple 
supply chain actors, including markets, to manage food safety hazards. 
 
Access to safe water is critical to improving the health of a population. It is also vital for 
safe food handling practices. Fecal contamination of drinking water can result in cross-
contamination of food or food-contact surfaces, since water is frequently used in food 
washing and preparation, in addition to drinking. The widespread detection of E. coli 
and coliforms in Ethiopian drinking water sources suggests many water sources have 
been contaminated with feces – confirming the known fecal-oral route of transmission of 
many waterborne and foodborne pathogens (92). In addition, the detection of 
Salmonella points to the likely role of animals as contributors to water contamination, 
and to the role of water in the transmission of zoonotic foodborne pathogens. Similarly, 
the occurrence of parasites that share human and animal hosts, such as Giardia spp. 
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and Cryptosporidium spp., in water highlights the need to account for both human and 
animal ecologies in the design of food safety interventions.  
 
The body of evidence on chemical contaminants is scarcer than for biological hazards. 
Only few high-quality studies involved pesticides and aflatoxins in grains, nuts, or 
seeds, while none was identified in fresh fruits or vegetables. Comparatively, more 
studies on chemical hazards were identified for beverages, covering aflatoxins and 
antibiotic residues in milk, and heavy metals in drinking water sources (also potentially 
used to produce some beverages). However, some findings emerged: surface water 
may be contaminated with pesticides from nearby agricultural areas and from 
household application (87) which may also have persisted in the environment. Heavy 
metals can enter food value chains through many routes, most commonly via 
environmental contamination (93). The detection of this type of contaminants signals the 
need for systemic environmental health interventions. 
 
The information compiled through these reviews also highlights several limitations in the 
available body of evidence. For instance, some hazards and commodities are clearly 
more studied than others. Bacterial hazards are reasonably well studied in the dairy and 
beef supply chains. However, data on viruses and parasites are missing. Conversely, 
fresh fruits and vegetables are not well studied, with only two studies (one on parasites, 
one on bacteria) identified by the review. This key gap supports the choice of fresh 
vegetables as focus commodity category for EatSafe’s work. Heavy metals, the top 
hazard category in terms of FERG burden estimates in the sub-region including Ethiopia 
(5), have been investigated only in water. In addition, data are in the vast majority of 
studies reported as prevalence, while concentration levels are not measured. 
Concentrations are more often measured for chemical hazards, at least in terms of 
exceedance of an established threshold, while concentration is most often not 
measured for microbial hazards. This gap greatly hinders the ability to use these data 
for risk assessment purposes, hence limiting their usefulness.  
 
Prioritizing interventions to control food safety hazards can lead to better use of scarce 
resources in many countries including Ethiopia (3). However, evidence-based FBD risk 
prioritization processes are needed to allocate resources effectively. The processes for 
conducting risk rankings are becoming available (94) but supporting data and the 
organizational capabilities to effectively implement them is often lacking. Food safety 
tends to capture national attention only when there is a crisis (95), especially one that is 
likely to result in a major public health issue or have a negative economic impact (2). 
Also, risk perception is often misaligned with actual risk. Diseases that most elicit fear in 
the population, including those that may cause a high individual burden or that are due 
to novel hazards, are usually regarded as more important by stakeholders, and even 
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experts, than those that are much more common but more familiar or less dramatic in 
their manifestations (3). 

Data on hazard occurrence along food and beverage value chains, combined with risk 
assessment to estimate the burden that could be expected from such occurrence, are 
needed to effectively prioritize how to allocate the limited resources. Ideally, risk 
assessment estimates (prospective) are complementary to disease surveillance data 
(retrospective). Disease surveillance data collection, especially when it includes disease 
attribution to specific hazards, can enable early detection of disease outbreaks and can 
be used to assess burden trends over time. These time trends provide evidence for the 
need of interventions, and help assess whether national-scale interventions are 
working. However, surveillance systems in many developing countries face a number of 
challenges including weak laboratory capacities and scarce resources (96,97) and have 
received minimal support in public health planning. Hence, in these cases, hazard 
occurrence and risk assessment approaches provide the best and sometimes only 
rigorous way to estimate the need for, and impact of interventions. The comprehensive 
body of evidence presented here enables this crucial assessment and highlights gaps 
that hinder it. 
 
5. CONCLUSION    

Multiple hazards were found to be present in varying frequencies in a broad range of 
foods and beverages commonly consumed in Ethiopia. From a food safety perspective 
this raises concern over the possible threat to public health, and merits further attention. 
Although a review such as this one helps gauge the prevalence of hazards which 
consumers may be exposed to, by itself it is not sufficient to inform risk management 
decisions. Data on hazard occurrence is, however, a key step in the risk assessment 
process – a process that includes hazard characterization, exposure assessment, and 
risk characterization. 
 
In both the foodborne and beverage-borne reviews, most completed studies have not 
been done in systematic ways, and many are based on small sample sizes. They also 
tend to focus on hazards that are easy to detect, possibly due to limited laboratory 
resources. Further, a disproportionate number of studies were conducted in large towns 
or capital areas. Nationally representative samples are absent, and hazard proxies were 
often examined rather than the hazards themselves. Therefore, comparing or 
aggregating studies is difficult. Nonetheless, it is clear that common, detrimental 
hazards are very high in food and beverages consumed in Ethiopia, leading to an 
almost certain conclusion of a high burden of FBD – a conclusion consistent with 
findings from the FERG. 
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Valuable insights emerge from the review synthesizing evidence on foodborne hazards 
in Ethiopia, including: 
• Across commodities, bacterial hazards are the most studied (70%), but not in all 

commodities; parasites were the focus of some studies (20%), particularly on fresh 
fruits and vegetables, while only a minority of studies addressed viruses or chemical 
hazards. 

• The beef value chain is the most intensely studied commodity, in particular for 
bacterial hazards. 

• Few studies focused on eggs or cheese, and all assessed bacterial contamination 
as the most common hazard found in these products. 

• Few studies on microbial contamination in fresh vegetables were identified, the 
majority investigated parasites, with a few for bacteria, and none for viruses. 

• Several studies measured contamination at multiple nodes of a supply chain, 
including retail, providing actionable evidence on potential control points. In 
particular contamination in some supply chains was observed to increase going 
from production to retail. While we cannot readily draw conclusions on trends along 
the supply chain without a meta-analysis, such trends would support the argument 
that significant risk reduction could be achieved in the later stages of the chain, 
including at markets. 

• While the reasons for the strong focus on assessing bacterial contamination are not 
known, this focus is consistent with FERG estimates that bacteria are the leading 
cause of foodborne disease in the African region that includes Ethiopia. 

 
 

The novel review on hazards detected in beverages adds an important dimension to 
currently available evidence on foodborne contamination. Key insights include: 
• Studies reviewed had a strong geographical bias, with some areas in the country 

being poorly represented. 
• Recent trends show an increase in literature published on hazards in beverages in 

Ethiopia. 
• Overall, bacterial hazards were the most commonly investigated. Other hazards 

appeared less frequently in the literature despite some of them carrying important 
health implications, e.g. heavy metals. Evidence on parasitic hazards is lacking.  

• Milk is fairly well studied, while evidence is lacking for other beverages. 
• The high contamination levels observed in water can be seen as a proxy for the 

level of environmental contamination in an area, with repercussions on foods grown 
and processed there. 
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• Contamination in water also highlights the importance of applying a One Health 
approach for food safety interventions, given the animal and human sources of 
water contamination.  

• Given the home-made, traditional nature of some of the beverages studied in this 
review, care must be taken to identify and engage stakeholder in informal value 
chains. 

 
Across all studies, and also considering the FERG burden estimates, the most 
important foodborne hazards appear to be Salmonella, enterotoxigenic E. coli, and 
Campylobacter spp. with probable additions of Staphylococcus spp., lead, and Listeria. 
Other hazards may be equally or more problematic but are not represented in published 
studies. 
 
This review will inform the choice of specific hazard(s) and commodities to target in 
EatSafe’s risk assessment activity in Ethiopia. Through the risk modelling process, the 
risk associated with consumption of selected foods will be determined, and potential 
mitigation steps identified and discussed. 
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Recommendations for Intervention Design and Future Studies under EatSafe 
 
These reviews have outlined food hazard occurrence in beverages and foods in Ethiopia, 
based on past research.  Based on the results of this activity, , we recommend that EatSafe 
considers the following points while planning for the risk assessment (Activity ET 1.6) that 
informs intervention design: 
• Several hazard types were reported in the review, many not in the list of priorities 

determined by FERG. This might suggest a (potential focus on the “trivial many” rather 
than the “vital few” in the literature, which can be misleading.   

• Although the study provides a comprehensive overview of the status of hazards 
occurrence in foods and beverages in Ethiopia, it is not, on its own, sufficient to inform 
food safety prioritization decisions; these data can, however, contribute to risk assessment 
and risk ranking efforts. 

• Fresh fruits and vegetables are not well studied. This key gap supports the choice of fresh 
vegetables as focus commodity category for EatSafe’s work. 

• Other important data gaps include viral pathogens, parasites, and eggs. 
• No clear evidence exists to assess the role of market practices or infrastructure in either 

hazard control or enabling/exacerbating contamination. 
• The vast majority of studies did not measure concentration, only presence/absence 

(summarized as prevalence, i.e. frequency of detection). This key gap hinders the 
usefulness of these data for risk assessment. 

• Where possible, the risk assessment modeling should utilize primary data collected within 
the project, due to significant gaps in the literature. 

• Overall, the widespread bacterial contamination observed in a broad range of foods and 
beverages points to the likely role of environmental and zoonotic transmission, which calls 
for a One Health systemic approach. 
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7. APPENDICES  

7.1. APPENDIX 1: BEVERAGE SYSTEMATIC LITERATURE REVIEW PROTOCOL  
 

ASPECT DESCRIPTION  
Rationale This is a study on occurrence of hazards in beverages in Ethiopia. It aims to i) 

identify the priority hazards; ii) attribute these to their specific sources (or value 
chains of relevance considering all ingredients), and iii) use the findings to inform 
the choice of interventions.  

Aim To identify biological and chemical hazards associated with beverage consumption 
in Ethiopia (according to prevalence within beverages and incidence and health 
burden in humans).  

Research 
question 

What hazards (biological/chemical) have been identified in beverages consumed in 
Ethiopia?  
What is the prevalence (% of contaminated products) and concentration of hazards 
in beverages consumed in Ethiopia? 
What is the spatial distribution of studies reporting these hazards (i.e. where, within 
the country, were the studies conducted)? 

Population All beverages consumed in Ethiopia 
Intervention N/A 
Control N/A 
Outcome Map of beverage-associated hazards reported in Ethiopia. 

Prevalence (% of contaminated products) and Concentration of hazards 
Setting  Ethiopia 
Protocol 
registration 

 N/A 

Eligibility 
criteria 
 

Inclusion criteria 
• Type of studies: observational studies, secondary data analysis, 

(literature) reviews  
• Time limits: Studies published from 2000 to 2021.   
• Language – English (mainly) 
Exclusion criteria 
• Studies not considering biological or chemical hazards associated with 

beverages.  
• Studies on water quality/safety not associated with drinking water. 
• If the population is outside Ethiopia 
• Experimental laboratory studies 
• Studies that exclusively focus on non-beverage associated 

illness/hazards. 
• Antimicrobial resistance studies (including antimicrobial residues) 
Studies not reporting information on beverage-associated hazard presence, 
prevalence, incidence or health burden (i.e., studies looking at prevalence of 
hazards at primary production on targets that are not food per se: i.e., faeces from 
animals, serology from animals, or carriage in vectors) 

Information 
sources 

Three online databases: PubMed and ScienceDirect (primary); Google Scholar 
(complementary). 

Search A study summary table with search findings  
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Study 
selection 

Observational studies, secondary data analysis, (literature) reviews 

Data collection 
process 

TITLE/ABSTRACT  
• Download of titles/abstracts and removal of duplicates. 
• Independent double screening of title/abstract (inclusion/exclusion 

criteria) by Reviewers #1 and #2). Screening will be done using the 
Rayyan QCRI software. The tool also allows for identification and 
removal of duplicates.  

• Discussion to reach agreement by Reviewers #1 and #2 or review of 
articles considered relevant by only Reviewer #3 

• Selection of articles considered relevant by at least two of the reviewers. 
• Reviewers #3 and #4 will monitor the whole review process on Rayyan.   
FULL PUBLICATIONS 
• Download of full publications by Reviewers #1 and #2 
• Full paper double review (inclusion/exclusion criteria) by Reviewers #1 

and #2 using the Rayyan QCRI software. 
• 5% of included and excluded publications will be reviewed by Reviewers 

#3 and #4 
• Any discordance in classification to be reviewed by Reviewers #3 and #4 
• Full paper single review (quality criteria) by Reviewers #1 and #2.  
DATA EXTRACTION 
• Reviewers #1 and #2 overseen by #3 and #4 
• Standardized data extraction file  
• Pretesting of template by both Reviewers (5-10% of the publications) and 

comparing data extracted 
• Single data extraction and combining data into one database. 
• Validation of the data entered by Reviewers #1 and #2 (review entries for 

10-15% of randomly selected papers). 
Assessment of 
bias  

Follow Cochrane Assessment of Bias 

https://rayyan.qcri.org/welcome
http://handbook.cochrane.org/chapter_8/8_assessing_risk_of_bias_in_included_studies.htm
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7.2.  APPENDIX 2: SUMMARY OF ARTICLES INCLUDED IN THIS REVIEW   
 

REF. LOCATION PRODUCT 
HAZARD 

SAMPLING POINT 
TYPE NAME 

FOOD REVIEW 

BOVINE DAIRY PRODUCTS 

(11)  SNNPR Cottage cheese Biological B. cereus; S. aureus; Mesophilic 
aerobic bacteria; Yeasts; Enterococci  Market 

(12)  Amhara Ice cream Biological Multiple Farm, retail 
(13) Oromia Cottage cheese Biological Listeria Retail, market 
(14) Oromia Cottage cheese Biological Listeria Supermarket, retail 
(15) Oromia Yogurt Biological Listeria Farm 
(16) Amhara Cottage cheese Biological Salmonella Cafeteria/, retail 

(17) Amhara Raw milk Biological Mycobacterium bovis and 
tuberculosis*; Atypical mycobacteria Cattle farmers 

(18) Oromia Raw milk Biological Mycobacterium bovis and 
Tuberculosis* Household 

(19) Oromia Raw milk Biological Mycobacterium bovis and 
Tuberculosis* Farm 

* Included as suspect human pathogen. 

BEEF  

(26) SNNPR 14 Raw beef Biological Salmonella Abattoir 
(29) Oromia Raw beef Biological E. coli O157: H7  Abattoir, retail 

(33) Oromia Beef carcass Biological E. coli O157: H7 Processing plant, 
retail  

(30) Oromia Raw beef Biological E. coli; E. coli O157H7 Abattoir, retail 
(98) Oromia Beef Carcass Biological Coagulase-negative staph.  Abattoir 

(23) Oromia Raw beef Biological Salmonella, Listeria Abattoir, butcher, 
restaurants 

(25) SNNPR Beef carcass and 
  raw beef Biological Salmonella Slaughterhouse, 

butcher shops 
 

14 SNNPR = Southern Nations, Nationalities, and People's Region (Ethiopia) 
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(35) Amhara Raw beef Biological Staphylococcus aureus Butcher shops 

(21) Amhara Raw beef Biological 
Aerobic mesophilic count; Total 
coliform count; S. aureus count; 
Salmonella 

Retail  

(22) Oromia Beef carcass and 
raw beef Biological 

E. coli; S. aureus; Salmonella; 
Klebsiella  
Proteus  

Abattoir, butcher 
shops 

  (32) Oromia Beef carcass and 
minced meat Biological E. coli O157: H7 Retail, restaurants 

(24) SNNPR Beef carcass Biological Salmonella Abattoir, retail  

(31) Oromia Beef carcass and 
raw beef Biological E. coli O157: H7 Abattoir, retail 

(7) Oromia Beef carcass Biological Staphylococcus Abattoir 

EGGS 

(16)  Amhara Eggs Biological Salmonella Butcher shop, 
cafeteria, retail 

(37) Oromia Eggs Biological S. enteritidis Market 
(38) Oromia Egg sandwich Biological Salmonella, Shigella Retail  
(39) Oromia Egg Biological Salmonella Market 
FRUITS AND VEGETABLES 

(40) SNNPR 
Lettuce, cabbage 
Carrot, tomato, 
green pepper 

Biological 

Ascaris lumbricoides; Toxocara spp; 
Hymenolepis nana; Entamoeba 
histolytica/dispar; H. diminuta; 
Cystoisospora belli; Giardia 
intestinalis; Cryptosporidium; 
Cyclospora spp 

Market 

(42) Oromia Lettuce, green 
pepper Biological Salmonella; Shigella; Staphylococci, 

Enterobacteriacea Supermarket 

(44) Tigray Pepper, lettuce, 
cabbage, guava Biological Cryptosporidium oocysts; Giardia 

cysts Farm 

(41) Amhara Cabbage, lettuce, 
carrots, spinach Biological 

Strongyloides spp; Entamoeba 
histolytica/E. disparcy cysts; G. 
lamblia; Cryptosporidium spp 

Market 

(43) Oromia Lettuce Biological E. coli O157: H7 Retail 
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(99) SNNPR 
Tomato, lettuce, 
carrot, cabbage, 
green pepper 

Biological 

Ascaris lumbricoides; Toxocara spp; 
Hymenolepis nana; Entamoeba 
histolytica/dispar; Giardia intestinalis; 
H. diminuta; Cystoisospora; Toxocara 
spp; 
Cystoisospora belli; Giardia 
intestinalis 

Market 

GRAINS, NUTS, AND SEEDS 

(45) Amhara Barley, sorghum, 
wheat, teff Chemical 

Aflatoxin B(1) (AFB1); Ochratoxin A 
(OTA); Deoxynivalenol (DON); 
Nivalenol (NIV); Zearalenone (ZEN) 

Threshing yards, 
traditional storage 
structures 

(46) Oromia Groundnut Biological and 
Chemical Aspergillus; Aflatoxin Farmers’ stores 

(47) South Ethiopia Maize grain Biological and 
Chemical 

Aspergillus; Fusarium; Penicillium; 
Zearalenone; Zearalenone sulfate; 
Fumonisin B1-B4; Aflatoxin B1 

Farm 

(48) SNNPR Corn; rice; millet; 
sorghum Chemical 

p,p′-DDT and DDE; chlordane; 
hexachlorbenzene; β-lindane; 
lindane; α-lindane; aldrin; 
hexachlorepoxide; α-endosulfan; 
β-endosulfan; endosulfan sulfate; 
methoxychlor; heptachlor; 
dimethoate; chlorpyrifos, profenofos 

Farm 

 

REF. LCOATION PRODUCT 
HAZARD 

SAMPLING POINT 
TYPE NAME 

BEVERAGE REVIEW 

WATER 
(100)  SNNPR Water Biological Multiple Source 
(101) Oromia Water Biological Multiple Source 
(83) Amhara  Water Biological E. coli Source 
(102) Oromia  Water Chemical Lead Source 
(103) Oromia Water Biological Multiple Source 
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(104) Amhara Water Biological Multiple Household 
(105) Oromia Water Chemical Lead Source 
(106) Tigray Water Chemical Multiple Source 
(89) Addis Ababa Water Chemical Multiple Household 
(74) Somali region Water Biological Multiple Household 
(91) Addis Ababa Water Chemical Multiple Source 
(75) Amhara Water Biological Multiple Source 
(107) Oromia Water Chemical Multiple Source 
(108) Oromia Water Biological Multipole Source 
(109) Amhara Water Biological Entero-bacteriaceae Household 
(110) SNNPR Water Biological E. coli Source 
(111) Tigray Water Chemical Lead Source 
(112) Oromia Water Chemical Lead Source 
(113) Addis Ababa Water Biological E. coli Source 
(114) Addis Ababa Water Biological E. coli Hotels 
(82) Amhara Water Biological Multiple Source 
(88) Tigray Water Chemical Multiple Source 
(115) SNNPR Water Chemical Multiple Source 

(73) Oromia Water Biological, 
Chemical Multiple   Household, source 

(80) Oromia Water Biological E. coli Household, source 
(116) SNNPR Water Biological E. coli Household, source 
(117) Tigray Water Chemical Multiple Source 
(118) Oromia Water Chemical Lead Source 
(119) Addis Ababa Water Chemical Fluoride Source 
(120) Addis Ababa Water Chemical Arsenic Source 
(121) Addis Ababa Water Chemical Multiple Source 
(87) Addis Ababa Water Chemical Multiple Source 
(122) Oromia Water Chemical Multiple Source 
(123) Oromia Water Biological Multiple Source 
(124) Oromia Water Chemical Lead Source 

(125) Oromia Water Biological, 
Chemical Multiple Source 

(126) Amhara Water Chemical Lead Source 
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(127) Addis Ababa Water Biological E. coli Source 
(128) Gambela Water Chemical Fluoride Source 
(76) Tigray Water Biological  Multiple Source 
(129) Addis Ababa Water Chemical Fluoride Source 
BOVINE DAIRY PRODUCTS (COW MILK) 
(130) Tigray Fermented milk Biological Multiple Farm 
(8) Oromia Raw milk Biological Staph. aureus Farm 
(9) Sidama Raw milk Biological Staph. aureus Farm 
(10) Oromia Raw milk Biological Salmonella Farm 
(12)  Amhara Raw milk Biological Multiple Farm, retail 

(59) Amhara Raw and 
Pasteurized Milk Biological Multiple  Farm, retail 

(52) Amhara Milk Chemical Multiple Farm 
(131)  Oromia Milk Biological E. coli Farm 
(132)  Sidama Milk Biological Yeast and Mold Farm, shops 
(133)  Oromia Milk Biological Listeria Cafeteria 
(134)  Amhara Milk Biological Bacillus cereus Farm 
(135)  Amhara Milk Biological Multiple Farm, supermarket 
(16)  Amhara Milk Biological Salmonella  Cafeteria, retail 
(136)  Oromia Milk Biological E. coli Farm 
(53)  Tigray Milk Biological Multiple Farm 
(137)  Oromia  Milk Biological E. coli Cafeteria, retail 
(138)  Oromia Milk Biological Salmonella Cafeteria, retail 
(139)  Amhara Milk Biological Salmonella Farm 
(52) Tigray Milk Biological Camplyobacter Farm 
(54) Benishagul-ghumuz Milk Biological E. coli Farm, retail 
(140)  Somali Milk Biological Multiple Farm, retail 
(86) Oromia Milk Chemical Dichlorodiphenyl-trichloroethane Farm 
(141)  Addis Ababa Milk Biological Staph. aureus Farm 
(142)  Sidama Milk Biological Multiple Farm 
(143)  Oromia Milk Biological Staph. aureus Farm 
(144)  Amhara Milk Biological Staph. aureus Farm 
(58)  Tigray Milk Biological Multiple Farm, retail 
(13)  Addis Ababa Milk Biological Listeria Retail, market 
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(7)  Addis Ababa Milk Biological Staph. Farm 
(145)  Tigray Milk Biological Multiple Farm, retail 
(146)  Oromia Milk Biological Staph. aureus Farm 

(55)  Addis Ababa Milk Biological Multiple Household, street 
vendor 

(10)  Addis Ababa Milk Biological Salmonella Farm 
(147)  Oromia Milk Biological Staph. aureus Farm, retail 

(148)  Benishagul-ghumuz Milk Biological Multiple Household, farm, 
retail 

(149)  Sidama Milk Biological Salmonella Farm 
(98)  Amhara Milk Biological Staph. Farm 
(84)  Oromia Milk Chemical Aflatoxin M1 & M2 Farm, retail 
(80)  Oromia Milk Biological E. coli Household 

(150)  Sidama Milk Biological Multiple Household, farm, 
retail 

(151)  Addis Ababa Milk Biological Salmonella Supermarket 
(152)  Somali region Milk Biological Staph. aureus Household 
(85)  Addis Ababa Milk Chemical Antimicrobials Farm 
(153)  Addis Ababa Milk Biological Salmonella Cafeteria 
(154)  Addis Ababa Milk Biological Enterobacteriaceae Farm 
(155)  Oromia Milk Biological Bacillus Market 
(156)  Amhara Milk Biological Multiple Farm, retail 
(56)  Amhara Milk Biological Multiple Farm, retail 
(157)  Sidama Milk Biological Staph. aureus Farm 

  (8)  Addis Ababa Milk Biological Staph. aureus Farm 
(158)  Tigray Milk Biological Multiple Farm, retail 
(159)  Addis Ababa Milk Biological Salmonella Farm 
BOVINE DAIRY PRODUCTS (YOGURT) 
(60)  Amhara Milk, Yogurt Biological Staph. aureus Farm, retail 
(61)  Oromia Milk, Yogurt Biological Aflatoxin AFM1 Farm, retail 
(62)  Tigray Milk, Yogurt Biological Staph. aureus Farm cafeteria 
(63)  Oromia Yogurt Biological Staph. aureus, other Staphylococcus Cafeteria 
(15)  Addis Ababa Yogurt Biological Listeria Farm 
(64)  Addis Ababa Milk, Yogurt Biological Staph. aureus, Coagulase-negative Farm 
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Staphylococcus 

(65)  Oromia Milk, Yogurt Biological Listeria incl. L. monocytogenes Supermarket, 
cafeteria 

(66)  Amhara Milk, Yogurt Biological Multiple including E. coli, E.coli 
O157:H7, S. aureus Household, market 

(67)  Amhara Ergo d Biological Multiple incl. Staphylococcus Household 
(68)  Amhara Ergo d, Arrera e Biological Multiple Retail 
(69)  Sidama Ergo d Biological Staphylococcus Farm 

(70)  Addis Ababa Ergo d Biological Multiple (coliforms, 
Enterobacteriaceae) Farm, retail 

CAMEL MILK 
(71) Somali Camel Milk Biological Multiple Household, retail 

(72) Somali Camel Milk Biological Multiple  Farm, market 

(160) Afar Camel Milk Biological Multiple Farm, market 

FRESH / PACKED JUICE 

(161) Amhara Fresh / Packed 
Juice Biological Multiple Supermarket 

(79) Amhara Fresh / Packed 
Juice Biological Multiple Cafeteria 

(162) Tigray Fresh / Packed 
Juice Biological Multiple Cafeteria 

(78) Tigray Fresh / Packed 
Juice Biological Multiple Juice house 

(163) Addis Ababa Fresh / Packed 
Juice Biological Multiple Juice house 

(164) Amhara Fresh / Packed 
Juice Biological Multiple Juice house 

(165) Tigray Fresh / Packed 
Juice Biological Multiple Cafeteria 

(166) Tigray Fresh / Packed 
Juice Biological Multiple Cafeteria 

(167) Oromia Fresh / Packed 
Juice Biological Multiple Cafeteria 

MULTIPLE PRODUCTS 
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(168) Oromia 
Milk, Fresh and 
Packed Juice 

Biological Multiple Source 
(57) Tigray Biological E. coli Farm, Juice house 
(169) Tigray Biological Multiple Farm, Juice house 

(92) Dire Dawa Water, Fresh and 
Packed Juice Biological Multiple Hotel, supermarket, 

street vendor 
Notes 
d “Ergo” is a traditional fermented milk product, made by fermenting milk under ambient temperature with no starter cultures to 
initiate the fermentation processes added (170).  
e “Arrera” is a by-product of Ergo obtained after removal of the milk fat, kibe, following churning. It has a similar color to ergo, 
but with a slightly smoother appearance and a thinner consistency, although thicker than fresh milk and basically, contains the 
casein portion of milk (171). 

 
 


