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Executive summary

We performed a systematic literature review of studies conducted in Ethiopia and Burkina Faso that identified non-
typhoidal Salmonella spp (NTS) and Campylobacter spp in chicken meat, and enterotoxigenic Escherichia coli (ETEC)
and Salmonella spp in vegetables, published between January 1990 and 30 September 2019 inclusive.

Vegetables and chicken are commonly eaten together and are the focus of the pull-push project. We had previously
conducted an SLR on foodborne disease hazards and burdens in Ethiopia and Burkina Faso (1990-2019) according to
Preferred Reporting ltems for Systematic Reviews and Meta Analyses (PRISMA) guidelines where data were extracted from
142 studies in Ethiopia and 22 studies in Burkina Faso (Lina et al. 2020). From these, 15 papers met the inclusion criteria
for this more focussed report. Reference searches identified one additional paper as relevant, yielding a total of 16 papers
from which to extract data for this review.

The papers mostly described pathogen prevalence surveys for specific commodities in specific enterprises or sites.

In Ethiopia, prevalence of NTS contamination of chicken meat and carcasses was ranged from 8.3-15.4% in samples
collected from markets in Addis Ababa and Debre Zeit (four studies with 104-452 samples per study). In Burkina Faso,
levels of NTS contamination of chicken carcasses sampled from different markets in Ouagadougou showed much
greater variation with prevalence ranging from 37% to 90% (five studies with 20-30 samples per study). The high levels
of contamination reflect a general absence of adequate food safety practices along the supply chains. However, the
comparability between different studies may be limited, with sampling strategy and laboratory methods having a strong
influence on pathogen detection and count.

In Ethiopia, Campylobacter was found in 16.7% and 26.7% respectively of the 60 chicken meat samples collected from
supermarkets in the capital and an abattoir in an area of commercial livestock production (Debre Zeit). Half (10/20) of the
poultry carcass samples from retail markets in Ouagadougou were contaminated with Campylobacter spp However, high
levels of Campylobacter contamination are also reported in many developed counties. Studies conducted in Ethiopia
showed higher Salmonella and Campylobacter contamination in samples from chicken compared to samples collected
from other animals but again, comparability depends on having equivalent sampling, processing and testing systems. The
paucity of Campylobacter studies in part reflects the challenges of isolating Campylobacter spp and the few labs able to
do this in Burkina Faso and Ethiopia.

Considering the poor hygiene widely seen in informal poultry slaughter enterprises in the two countries, high levels of
bacterial contamination are expected - possibly higher than is reported. These high levels of contamination highlight
cross-contamination risks and the need for good hygiene to limit this, and thorough cooking to kill pathogens on the raw
products or those acquired through cross-contamination.

The literature from the two countries did not report on ETEC specifically, but half (52.4%) of vegetable salad samples
in Ethiopia were positive for E. coli, with a study finding about 45% prevalence in cabbage and carrot, versus 20% in

Urban food markets in Africa: Incentivizing food safety using a pull-push approach.
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tomato, green pepper and lettuce. There were no papers reporting E. coliin vegetables in Burkina Faso. A few Ethiopian
studies (n=4) found Salmonella contamination ranging from 23.9-30% in cabbage and 9-20% in tomato. Contaminated
irrigation water is thought to be an issue (23% of water samples were positive for Salmonella in Ethiopia). In Burkina Faso,
all 32 salad samples collected in a study of street food vendors were negative for Salmonella, while 10 of the 20 lettuce
samples collected from vegetable farms in Ouagadougou were contaminated with Salmonella, again possibly related to
irrigation water.

In conclusion, the literature reports high prevalences of Salmonella and Campylobacterin chicken meat and E. coli

and Salmonella in vegetables in Burkina Faso and Ethiopia, reflecting a high risk of foodborne disease. Coordinated
surveillance, improved food safety systems, and better awareness and practices among consumers and value chain actors
are needed. Thorough washing and the use of sanitizer chemicals for vegetables, and education of food handlers were
recommended in the studies.

The number of high-quality, relevant studies was limited. From those identified most were small, isolated studies focusing
on a particular site or location, rather than larger more representative studies, or coordinated research programs
providing a strong body of evidence. Both in Burkina Faso and Ethiopia, studies were highly concentrated in the capital
cities. Most of these studies focussed on reporting prevalence; risk factors or pathways for contamination along vegetable
and chicken value chains were rarely investigated.

The literature leaves us with a limited understanding of the risks, epidemiology and control options for Campylobacter,
NTS and ETEC along vegetable and chicken value chains in Burkina Faso and Ethiopia. At a more pragmatic level, we
do know that food hygiene in these systems is poor, and consequently consumers face a high risk of foodborne disease
from widespread pathogens including those studied in this review. With the numbers living in urban Africa continuously
growing there an urgent need to improve our understanding of the changing food safety risks in these urban African
settings, including evidenced cost-effective approaches to control the massive FBD burden.
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1 Introduction

This systematic literature review (SLR) was conducted on four hazard—commodity combinations that play a significant

role in FBD: Campylobacter spp and non-typhoidal Salmonella spp (NTS) in poultry meat; and enterotoxigenic
Escherichia coli (ETEC) and NTS in vegetables, which are commonly eaten with poultry meat. The four hazard-commodity
combinations targeted in the pull-push project2 were selected based on evidence from the FBD Burden Epidemiology
Reference Group's Global Burden of FBD estimates (https://www.foodbornediseaseburden.org) and a food safety

investment study looking at Burkina Faso, Ethiopia and Nigeria (Grace et al. 2018).

Poultry value chains in Ethiopia and Burkina Faso are characterized by traditional production systems, with village chicken
production accounting for above 90% of the total chicken production in Ethiopia (Hailemariam et al. 2018), and 80%

of households in Burkina Faso owning poultry (Leight and Martinez 2020). Poultry production is often the domain of
women (Rota and Sperandini 2010), though men can have a meaningful role in ownership and management when poultry
become an important source of household income (Hailemariam et al. 2018; Leight and Martinez 2020).

Common actors involved in vegetable value chains in Ethiopia are input suppliers, producers, brokers, traders
(wholesalers and retailers) and consumers (Desalegn 2021). The development of vegetable gardening in Burkina Faso
has been largely led by farmers who have made use of opportunities following the increased availability of water and the
growing demand for vegetables (Gross and Jaubert 2019).

In both countries food is mostly obtained through informal value chains. Food safety is often poorly regulated with limited
regard for food safety. Here we review the published scientific literature in Ethiopia and Burkina Faso on four hazard-
commodity combinations, two priority microbial hazards in chicken and two in vegetables, recognising that a few key

pathogens account for much of the FBD burden.

2The Pull-Push project ‘Urban food markets in Africa: Incentivizing food safety using a pull-push approach’ is implemented by the International Livestock Research Institute
(ILRI) in collaboration with national and international partners in Ethiopia and Burkina Faso.
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2 Review methodology

2.1 Initial review of all foodborne disease
hazards

Initially an SLR was done for all foods and foodborne pathogens (Lina et al. 2020) addressing the following questions:
*  Whatis the incidence of FBDs in Ethiopia and Burkina Faso?
*  What s the health burden associated with FBD in Ethiopia and Burkina Faso?

*  Whatis the prevalence of FBD hazards in water, vegetables, animal source foods and other food products in Ethiopia
and Burkina Faso?

The method used is described below.

2.2 Search strategy

We defined a systematic review following methods defined by the Cochrane Collaboration and the Preferred Reporting
[tems for Systematic Reviews and Meta Analyses (PRISMA) Statement (Moher et al. 2009). A comprehensive search of
PubMed and CAB Direct was performed for publications from 1 January 1990 to 30 September 2019, using a syntax
including, but not limited to, the keywords ‘foodborne’, ‘food-borne’, ‘food safety’, ‘food related’, ‘food associated’,
‘food derived’, ‘food illness’, ‘food* intoxication’, ‘food pathogen’, ‘food* poisoning’, ‘microbes’, ‘food virus’, ‘food
parasites’, ‘food toxin’, ‘Ethiopia” and ‘Burkina Faso'. The full search terms are documented in Appendix A. The syntax
was left generic to capture all literature covering the various aspects of interest (e.g. prevalence, impact, risk factors,

control).

2.5 Inclusion and exclusion criteria

Observational studies, secondary data analysis and reviews were included if they reported FBD in the two target countries
(Ethiopia and Burkina Faso), in particular the incidence in humans, health burden and prevalence in foods. Search

languages were English for both countries and French for Burkina Faso.

Studies focusing exclusively on non-foodborne iliness/hazards, laboratory-based studies, and antimicrobial resistance
studies were excluded but reports on antimicrobial residues were captured. We also excluded studies not reporting
information on disease caused by foodborne (i.e. food/drinks) microbes or toxins, in terms of incidence, health burden
or contamination of food products. Thus, studies reporting hazards in, for example, animal faeces, animal serology or
carriage in vectors were not included. Studies outside Ethiopia and Burkina Faso and papers on aspects of basic sciences
(immunology/molecular biology/physiology) were also excluded.
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2.4 Study selection process and data extraction

Upon searching the online databases, full lists of titles and abstracts were downloaded and checked for duplicates using
Mendeley (https://www.mendeley.com). The titles and abstracts were uploaded to an Excel spreadsheet and screened

by two reviewers against inclusion and exclusion criteria. All articles considered relevant by both reviewers were kept;
articles considered relevant by just one reviewer were reviewed again by a third reviewer and a decision was made on
eligibility.

Full papers from selected titles were obtained when available. Then full articles were subjected to a two-step screening
process by a single reviewer. Papers were reviewed against 1) inclusion and 2) quality criteria. The five quality measures
used for screening were unbiased selection of subjects, appropriate data analysis, scientifically sound methods, accurate
and complete description of methods, and robust analysis and results. For each criterion papers were assigned as
adequate or deficient. Article quality was then rated as good, medium or poor as follows: Articles deemed adequate for
none, one or two of the five quality criteria were classified as poor; those adequate for three or four criteria were classified
as medium; and those adequate for all quality criteria were classified as good. Articles judged as poor quality were
excluded. Data were extracted from retained papers using a template.

2.5 Data extraction for specific hazard-
commodity combinations

This broader SLR identified the most important foodborne hazards associated with vegetables, animal source foods, water
(for drinking or food preparation), and other human food products for all ages in Ethiopia and Burkina Faso according

to the reported incidence in humans, health burden and prevalence in foods. This was reported in 2020 as ‘Systematic
literature review of foodborne disease hazards and burden in Ethiopia and Burkina Faso 1990-2019, with detailed
2017-19 update’ (Lina et al. 2020; available on request). Eligible publications for this study were then reviewed to identify
those that specifically reported on the pull-push project hazard—-commodity combinations of Campylobacter and NTS in
chicken meat, and ETEC and NTS in vegetables. This was done by screening titles and abstracts, assessing the full paper if
the title and abstract were unclear.
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3 Results

3.1 Search result

The broader all FBD hazards review returned 528 and 188 unique studies for Ethiopia and Burkina Faso, respectively.
Titles and abstracts of these studies were screened, leading to the exclusion of 307 articles from Ethiopia and 148 articles
from Burkina Faso. Full manuscripts of the remaining 221 articles from Ethiopia and 40 articles from Burkina Faso were
accessed and downloaded; however, full papers for 14 articles in Ethiopia could not be accessed. Five studies identified
from references of studies in Ethiopia were added, so the total number of full texts reviewed was 212 and 40 for Ethiopia
and Burkina Faso respectively (Figure 1).

Figure 1. Flowchart of main search strategy and article selection for review of studies for all FBD hazards, then filtering only those
reporting Campylobacter or NTS in chicken and those reporting NTS or ETEC in vegetables.

[ Ethiopia ] [ Burkina Faso ]

Unique records identified 528 188

............ >
___________ g s o)

(Title/abstract)

40
Included records

__________ . Nofull text a |
Avazilable

5 Articles
P fram
Full text * 212 » | references 40
Excluded
> T =nn=g-
Inclusion criteria
(2" SCREENING)
---% Further excluded | . > S @
Quality/ inclusion k
Data extracted 142 22
— Excluded e @
not specific
hazard-commodity | —mMm™  |..... »
combination 1 Added from further
[4--= reading

Papers with the 4

pullkpush hazard-
L 10 6
commodities




Systematic literature review of Salmonella and Campylobacter in chicken meat and enterotoxigenic 5
Escherichia coliand Salmonella in vegetables in Ethiopia and Burkina Faso

Screening of full articles left 142 articles for Ethiopia and 22 articles for Burkina Faso from which data were extracted.
Finally, retaining only those addressing the four pull-push hazard-commodity combinations led to the exclusion of 133
articles for Ethiopia and 16 articles for Burkina Faso. One relevant study in Ethiopia was identified from related reading.
Therefore, 10 articles for Ethiopia and 6 articles for Burkina Faso were selected and included in this report. A summary of
these papers is presented in Table T below and Appendix B.

Table 1. Number of retained studies with suitable topic focus and quality

Ethiopia Burkina Faso
Country
Food
Vegetable Chicken Vegetable Chicken
Pathogen E. coli NTS  Campylobacter ~ NTS E. coli NTS Campylobacter NTS
No. papers 2 4 1 5 0 2 1 5

Pathogen paper count exceeds the total number of studies because three studies reported more than one relevant pathogen. E. colireported due
to absence of studies on ETEC.

3.2 Chickenvalue chain

Eleven papers reported Campylobacter and/or Salmonella spp in chicken meat (both countries). Of these, 10 studies
described the prevalence of Salmonella in Ethiopia (n=>5) and Burkina Faso (n=>5). Campylobacter was reported in two

studies, one from each country (Figure 2).

In both countries, studies mainly focused on Salmonella in the poultry value chain and used culturing and biochemical

testing methods for isolation and identification of bacteria. Most of these studies, in addition to the prevalence reports,
investigated antimicrobial susceptibility tests. Serotyping of Salmonella serotypes was also often reported. Salmonella
concentration and counts were not reported.

3.2.1 Salmonella spp in chicken value chain

3.2.1.1 Salmonella spp in chicken samples from Ethiopia

The five studies reporting Salmonella spp in chicken samples from Ethiopia. All of these studies were conducted in the
central part of the country, mainly in the capital Addis Ababa and a town called Debre Zeit found 47 km southeast of
Addis Ababa where the first veterinary school in Ethiopia and the National Veterinary Institute are found, and where there

is a commercial chicken sector.

In Ethiopia surveys NTS in chicken meat and carcasses at prevalences of 8.3-15.4% in samples collected from
markets in Addis Ababa and Debre Zeit (supermarkets, open markets, shops and processing plants) (Molla et
al. 2003; Molla and Mesfin 2003; Tibaijuka et al. 2003; Zewdu and Cornelius 2009; Tadesse and Gebremedhin
2015).

Comparison of prevalence in different organs showed contamination of Salmonella was more common in the gizzard
(41.1-53.1%) and liver (28-34.5%) compared to heart (21.2-23.7%) and meat (8.3-15.4%) (Molla et al. 2003; Molla
and Mesfin 2003; Tibaijuka et al. 2003; Zewdu and Cornelius 2009). In three of the studies (Molla and Mesfin 2003,
Molla et al. 2003; Tibaijuka et al. 2003) giblets (liver, heart and gizzard) had a higher contamination prevalence for
of Salmonella than meat samples (Figure 2).
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Figure 2. Comparison of Salmonella contamination in giblet and chicken meat samples collected from Ethiopia.
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Salmonella contamination in chicken samples (23.6%, n=648) was higher compared to samples collected from beef
(4.2%, n=1,856) and camel (16.2%, n=714) (Molla et al. 2003). Similar findings were reported by Zewdu and Cornelius
(2009) where prevalence in chicken samples (13.9%, n=208) was higher compared to rates in pork (11.3%, n=194),
mutton (10.8%, n=212), minced beef (8.5%, n=142), cottage cheese (2.1%, n=190) and fish (2.3%, n=128) samples.
The pooled estimate of contaminated chicken meat (13.5%) was also higher compared to minced beef (8.34%), mutton
(11.86%), pork (12.59%), and raw milk (10.76%) (Tadesse and Gebremedhin 2015).

3.2.1.2 Salmonella spp in chicken samples from Burkina Faso

In Burkina Faso Barro et al. (2002), Kagambeéga et al. (2011, 2012, 2018) and Somda et al. (2018) reported contamination
of chicken meat with Salmonella. These studies indicated that Salmonella contamination ranged from 37-90% in the dry
season (Kagambega et al. 2011, 2018) and 57% in the wet season (Kagambéga et al. 2012) in chicken carcasses collected
from retail markets in Ouagadougou. However, Salmonella was absent in 102 cooked samples collected from food
producers (66 grilled chickens, 29 flame-cooked chickens, 4 roasted chickens and 3 chickens prepared around the fire)
(Somda et al. 2018). Interestingly, Kagambeéga et al. (2018) indicated that eight chicken rinsing solutions collected from
local chicken carcass sellers in four retail markets were all contaminated with Salmonella.

3.2.2 Campylobacter in chicken value chain

3.2.2.1 Campylobacter in chicken samples from Ethiopia

In a study conducted by Dadi and Asrat (2009), 60 chicken meat samples were collected from abattoirs (=30) and
supermarkets (n=30) in Addis Ababa and Debre Zehit. The overall prevalence of Campylobacter was 21.7% (n=13) and

a higher prevalence (26.7%, n=8) was observed in abattoir samples than samples from supermarkets (16.7%, n=5). Like
the findings in NTS, chicken meat was found to be more frequently contaminated than other raw meats (10.5% in mutton,
8.5% in pork, 7.6% in goat and 6.2% in beef).

3.2.2.2 Campylobacter in chicken samples from Burkina Faso

We identified one study (Kagambeéga et al. 2018) in Burkina Faso that reported Campylobacter in chicken meat. In

this study four chicken carcass-selling stalls at four large open markets located in low socio-economic status areas of
Ouagadougou were visited. From the 20 carcasses collected and analysed, 10 were contaminated with Campylobacter
(50%).
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3.3 Vegetable value chain

From the current review on the impact of foodborne ilinesses, Salmonella was reported in four studies from Ethiopia
and two studies from Burkina Faso. Two of the studies from Ethiopia also reported E. coli contamination in vegetable
samples.

3.3.1 ETEC in vegetables

None of the studies report ETEC specifically; however, two studies in Ethiopia reported E. coli in vegetables.

3.3.1.1 E. coli in vegetables samples from Ethiopia

Of the 21 vegetable salad samples collected from 21 juice houses (a type of restaurant) in Addis Ababa, 9 (52.4%) were
positive for E. coli (Kechero et al. 2019). In Arba Minch (south Ethiopia), 100 tomato, 96 cabbage, 66 green pepper,

62 carrot and 23 lettuce samples collected from local markets were tested for E. coli. The contamination rate was 20%,
45.8%, 21.2%, 41.9% and 21.7% for the tomato, cabbage, green pepper, carrot and lettuce samples respectively.
Cabbage was the most frequently contaminated vegetable in the present study. The authors attributed this to the fact
that cabbage has a large surface area and coarse surface which enables contaminants to attach as compared to smooth-
surfaced vegetables with a narrowly exposed outer surface like tomato. Among the bacterial species identified in this
study, E. coliwas the most commonly detected (31.4%) (Alemu et al. 2018).

3.3.2 Salmonella in vegetable samples

Four studies were identified from Ethiopia that reported on Salmonella in vegetables (Guchi and Ashenafi 2011;
Weldezgina and Muleta 2016; Alemu et al. 2018; Kechero et al. 2019) and two studies from Burkina Faso (Barro et al.
2002; Traoré etal. 2015).

3.3.2.1 NTS in vegetable samples from Ethiopia

Studies conducted in Addis Ababa indicated Samonella contamination rates of 9.5% in 21 vegetable salad
samples from juice houses (Kechero et al. 2019) and 10% in 40 lettuce and 40 green pepper samples purchased
from different outlets (Guchi and Ashenafi 2011). The specific prevalence of Salmonella in lettuce and green
pepper was not stated by Guchi and Ashenafi (2011). In samples collected from local markets in Arba Minch,
Salmonella was found in tomato (9%, n=100), cabbage (23.9%, n=96), green pepper (12.1%, n=66), carrot
(4.8%, n=62) and lettuce (13%, n=23) (Alemu et al. 2018). Weldezgina and Muleta (2016) determined the
bacteriological load and safety of fresh vegetables irrigated with Awetu river water in Jimma town, southwestern
Ethiopia. A total of 120 vegetable samples, 40 each from three sites with 10 samples each of lettuce, cabbage,
tomato and carrot, were randomly collected. Salmonella contamination was observed in 13.3%, 16.7%, 20%
and 30% of the lettuce, carrot, tomato and cabbage samples respectively. Seven (23.3%) of the 30 irrigation
water samples collected from each site were positive for Salmonella. The authors suggested that the surface
water pollution in this study may have originated from both human and animal sewage disposal by an informal
settlement which lacks proper sanitation. Figure 3 below shows a comparison of NTS prevalence in samples
collected at the farm level in Jimma town (Weldezgina and Muleta 2016) and from local markets in Arba Minch
town (Alemu et al. 2018).
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Figure 3. Prevalence of NTS in vegetable samples collected from farms and markets in Ethiopia.
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3.3.2.2 NTS in vegetable samples from Burkina Faso

Like the finding in Ethiopia, 10 (50%) of the 20 lettuce samples collected from vegetable farms in Ouagadougou were
contaminated with Salmonella (Traoré et al. 2015). The authors suggested that the lettuce was contaminated by irrigation
water, which comes from channels that are used as a human biological waste deposit by people living close to them, or
manure used on adjacent fields. However, 32 salad samples collected from street food vendors in Ouagadougou were all
negative for Salmonella (Barro et al. 2002).

3.4 Characterization of bacterial serotypes and
species

Most of the studies in both countries conducted serotyping and characterization of bacteria species. Accordingly, in
Ethiopia Salmonella serotypes commonly isolated from chicken meat samples were S. Braenderup, S. Typhimurium var
Copenhagen and S. Anatum (Molla et al. 2003; Molla and Mesfin 2003; Tibaijuka et al. 2003; Zewdu and Cornelius
2009; Tadesse and Gebremedhin 2015). Table 2 below shows distribution of Salmonella serotypes in chicken meat and
giblet samples from Ethiopia.

Table 2. Number of positive samples reported for Salmonella serotypes in Ethiopian chicken meat and giblet samples

Author

Serotype Mollaand Mesfin ~ Mollaetal.  Tibaijuka et éi"rvifijgd Total

2003 2003 al. 2003 2009
S. Beraenderup 35 52 17 12 116 (37%)
S. Typimurium var Copenhagen 24 24 - - 48 (15%)
S. Anatum 8 22 14 1 45 (14%)
S. Kottbus 5 5 - - 10 (3%)
S. Typhimurium 3 18 2 3 26 (8%)
S. Infantis 2 2 - - 4 (1%)

S. Hadar 2 2 - 6 10 (3%)
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Author
Serotype Molla and Mesfin Molla et al. Tibaijuka et é‘::;ilfij:d Total
2003 2003 al. 2003 2009

S. Bovismorbificans 1 1 - 1 3(1%)
S. Saintpaul - 8 8 - 16 (5%)
S. Uganda - 6 6 - 12 (4%)
S. Enteritidis - 4 - - 4(1%)
S. Haifa - 2 2 - 4(1%)
S. Virchow - 1 1 - 2 (1%)
S.114:12B - 2 - - 2 (1%)
Rough form - 2 2 - 4 (1%)
S. Newport - - - 4 4(1%)
S. Kentucky - - - 2 2(1%)
S. Group B - - 2 - 2(1%)
Total 80 151 54 29 314

In Burkina Faso, S. Derby made up 47.3-50% of Salmonella serotype isolates identified from chicken carcass samples
(Kagambega et al. 2011, 2012). Moreover, of the 20 lettuce samples tested, 10 serotypes, predominantly S. Colindale
(40%) and S. Korlebu (40%), were detected in Burkina Faso (Traoré et al. 2015). Campylobacter jejuni was characterized
from 84.6% and 100% of positive chicken meat samples in Ethiopia and Burkina Faso respectively (Dadi and Asrat 2009;
Kagambéga et al. 2018).

3.5 Antimicrobial susceptibility testing

Public health concerns about foodborne pathogens extend to antimicrobial resistance due to the continuing emergence,
development and spread of pathogenic organisms that are resistant to antimicrobials (Kagambeéga et al. 2011). Resistance
of bacterial isolates to specific drugs could in part be due to the dissemination of drug resistance in the environment
arising from the misuse of antibiotics (Guchi and Ashenafi 2011). In the present review, seven (43.75%) studies (Dadi

and Asrat 2009; Zewdu and Cornelius 2009; Guchi and Ashenafi 2011; Kagambega et al. 2011; Kagambeéga et al. 2012;
Weldezgina and Muleta 2016; Kechero et al. 2019) reported the isolation of antimicrobial-resistant isolates of E. coli and
Salmonella in vegetables and Campylobacter and Salmonella in chicken meat.

Antimicrobial resistance of Salmonella from chicken carcass samples was reported in Ethiopia and Burkina Faso. Of
these 29 Salmonella isolates from Ethiopia, 18 (62%) showed resistance patterns for up to 10 antimicrobials (Zewdu

and Cornelius 2009). Even if the specific resistance patterns in chicken carcasses were not reported, the most dominant
Salmonella serotype (S. Derby) was resistant to tetracycline, streptomycin and sulphonamide (Kagambega et al. 2011).
Similarly, Salmonella serotype (S. Derby and S. Anatum) isolates that were resistant to tetracycline and streptomycin
were reported (Kagambeéga et al. 2012). In the investigation conducted by Dadi and Asrat (2009), isolates from meat
samples from Ethiopia showed lower resistance rates to most antimicrobial agents tested, with C. jejuni being resistant to
streptomycin (20.5%), ampicillin (12.8%) and kanamycin (10.3%).
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In vegetable value chains, resistant strains were investigated and observed in studies from Ethiopia. Accordingly, E.
coliisolates (n=27) identified in fruit juices and vegetable salads were resistant to vancomycin (100%), penicillin (78%),
sulphonamides (70%), ampicillin (67%), nitrofurantoin (63%) and amoxicillin (52%) (Kechero et al. 2019). Salmonella
isolates were also reported to be resistant to a range of antibiotics, as shown in Table 3.

Table 3. Antibiotic resistance of isolated Salmonella species in vegetable value chains in Ethiopia

Commodity and publication Antimicrobial resistance

Lettuce Penicillin (100%)

(Guchi and Ashenafi 2011) Amoxycillin (87.5%)
Ampicillin (50%)
Ceftriaxone (37.5%)
Streptomycin (37.5%)

Water and vegetables Cefuroxime sodium (100%)

(Weldezgina and Muleta 2016) Penicillin (100%)
Erythromycin (100%)

Tetracycline (100%)
Ampicillin (90.3%)

Fruit juices and vegetable salads Penicillin (100%)
(Kechero et al. 2019) Ampicillin (100%)
Vancomycin (100%)

Sulphonamides (67%)

Ampicillin, trimethoprim and nitrofurantoin (each 33%)




Systematic literature review of Salmonella and Campylobacter in chicken meat and enterotoxigenic I
Escherichia coliand Salmonella in vegetables in Ethiopia and Burkina Faso

4 Discussion

41 Chicken value chains

Salmonellosis and campylobacteriosis are among the most frequently reported FBDs worldwide (FAO/WHO 2009; Mir
etal. 2015), with commercial chicken meat one of the most important food vehicles for these organisms (FAO/WHO
2009). Studies show that chicken are key asymptomatic carriers of Campylobacter and Salmonella spp, and the process
of removing the gastro-intestinal tract during slaughtering can easily result in carcass and organ contamination with these
pathogens (Mir et al. 2015).

The burden of bacterial FBD is disproportionately higher in African regions compared with other parts of the world, with
the number of disability adjusted life years per 100,000 people exceeding that of other global regions (Havelaar et al.
2015). However, the sources and transmission routes of Campylobacter and Salmonella in developing countries are
poorly understood due to the lack of coordinated national surveillance systems (Kariuki et al. 2006; Kagambeéga et al.
2012).

In the present review, Salmonella prevalence in chicken carcasses was 8.3-15.4% in Ethiopia (Molla et al. 2003; Molla
and Mesfin 2003; Tibaijuka et al. 2003; Zewdu and Cornelius 2009) and 37-90% in Burkina Faso (Kagambéga et al.
2011, 2012, 2018). Salmonella contamination reported at 90% in Ouagadougou, Burkina Faso (Kagambega et al. 2018)
was high when compared to other studies in Egypt (Moawad et al. 2017). This was not unexpected considering the
unhygienic conditions and practices observed at the vending sites (Kagambeéga et al. 2018).

In a recently conducted systematic review and meta-analysis on the prevalence of Campylobacter and Salmonella in
African food animals and meat, contamination with Salmonella was 13.2% from 12,346 poultry meat and organ samples
(Thomas et al. 2020). Higher Salmonella contamination rates have been reported from several studies outside Africa, e.g.
34% in Turkey (Yildirim et al. 2011), 66% in Thailand (Jerngklinchan et al. 1994) and 54% of retail poultry meat in Japan
(Furukawa et al. 2017).

Repeated use of the same water for rinsing carcasses is commonplace in chicken slaughtering in Burkina Faso, and the
importance of this for cross-contamination was emphasized by the 100% Salmonella contamination rates identified in
water samples there (Kagambeéga et al. 2018). Differences in prevalence of Salmonella in samples collected before rinsing
(57%) (Kagambeéga et al. 2012) and after rinsing (90%) further demonstrate this fact (Kagambéga et al. 2018).

In studies from Ethiopia, giblets (liver, heart and gizzard) had a higher contamination level of Salmonella than meat
samples. Similar findings were observed from Egypt (Abd-Elghany et al. 2015). Cross-contamination of Salmonella from
giblets to carcass could occur during handling, processing, packing, distribution and retail (Arumugaswamy et al. 1995;
Uyttendaele et al. 1998). Rupture of the intestine could also occur during evisceration and pooling giblets might lead to
cross-contamination of carcasses and other chicken parts. Molla and Mesfin (2003) observed that giblets were packed
with the carcass in the processing plant and suggested this resulted in Salmonella cross-contamination.
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Studies from both countries are highly concentrated in the capital cities (Addis Ababa and Ouagadougou). Barro et
al (2002) suggested that in the case of Ouagadougou this may be due to a major part of the population having their
breakfast, lunch and dinner in street food shops. Thus there is a high demand for animal sourced food, leading to the
slaughtering of many animals with often poor infrastructure and hygiene.

Studies reported that Salmonella contamination in chicken meat was higher than in meat from other species (Molla et al.
2003; Zewdu and Cornelius 2009; Kagambéga et al. 2011; Tadesse and Gebremedhin 2015). Chicken meat could be

a potential source of contamination for other foods, including other meats, with a greater risk during festive occasions
where preparation of many varieties of meat dishes (raw, undercooked and cooked) is a common practice within
households (Tadesse and Gebremedhin 2015). The high prevalence of Salmonella in chicken was explained to be due to
asymptomatic carriage of Salmonella in avian caeca, which can lead to cross-contamination of the carcass during or after
slaughter (Tibaijuka et al. 2003; Dione et al. 2011). The risk of contamination of meat by caecal contents is high in open
markets in Burkina Faso and also Ethiopia where chickens are often slaughtered with poor hygiene (Kagambéga et al.
2011).

The two studies of Campylobacter reported prevalence of 50% in chicken meat samples in Burkina Faso and 21.7% in
Ethiopia (Dadi and Asrat 2009; Kagambeéga et al. 2018). Studies from rich and poor countries around the world report a
range of prevalences, higher and lower.3

4.2 Vegetable value chains

The use of poor-quality irrigation water and raw animal manure for fertilizer is identified as a major source of contamination
for fruits and vegetables with foodborne pathogens (Nutt et al. 2003). Listeria monocytogenes, Salmonella spp and E.
coli have all been isolated from raw vegetables (Doyle 1990; Nguyen and Carlin 1994). Other literature also indicate
identification of enteric pathogens from lettuce, tomato and cantaloupe, and outbreaks of salmonellosis have been
reported due to consumption of contaminated tomatoes (Brandl 2006). Vegetables can be contaminated with enteric
bacteria of public health importance during cultivation, harvest, transportation, processing and food preparation. The

risk is particularly high in developing countries due to poor personal and environmental hygiene and weak public health
systems (Okyay et al. 2004; Wegayehu et al. 2013).

In Ethiopia, E. coli was within a range of 20-52.4% in different vegetables samples (Alemu et al. 2018; Kechero et al.
2019). Contamination rates of vegetables by Salmonella ranged from 0% to 50% in Burkina Faso (Barro et al. 2002; Traoré
etal. 2015) and 4.8% to 30% in Ethiopia (Guchi and Ashenafi 2011; Weldezgina and Muleta 2016; Alemu et al. 2018;
Kechero et al. 2019). Similar prevalences are found in studies around the world.4

4.3 Identification of species and serotypes

Salmonella serotypes commonly isolated from chicken in Ethiopia and Burkina Faso were S. Braenderup and S. Derby
(Molla et al. 2003; Molla and Mesfin 2003; Tibaijuka et al. 2003; Zewdu and Cornelius 2009; Kagambéga et al. 2011,
2012; Tadesse and Gebremedhin 2015). This finding has important implications because these serotypes are significant
causes of food poisoning and enteric fever in humans (Osman et al. 2014).

3For example, Campylobacter was isolated from 71% of retail poultry meat in Japan (Furukawa et al. 2017). Studies in Africa showed prevalence in 81.9% of poultry

meat in Nigerian processing plants and 100% in Nigerian retail outlets (Salihu et al. 2009; Olatoye and Ogunsemoyin 2016); between 11.1% and 100% in South African
supermarkets (Ateba et al. 2014); 77% in raw chicken sourced from butcheries, markets and supermarkets in Kenya; and a prevalence close to 22% in Ghana (Karikari et al.
2017).

“E. coli was detected in 38.6% of fresh vegetable samples in Argentina (Gonzalez et al. 2017) and in 16.7% of raw salad vegetable samples in India (Mritunjay and Kumar
2017). However, in a study in Canada E. coli was not detected in any of the fresh vegetables examined (Denis et al. 2016). In Nigeria, 40% of samples (spinach, carrot,
cabbage, pumpkin leaf and water leaf) were contaminated by Salmonella (Omoigberale et al. 2014). The overall prevalence of Salmonella in raw vegetables was 3.4% in
China (Yang etal. 2020) and 16% in Thailand (Phuket et al. 2019).
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A worldwide epidemiological study of Salmonella serotypes in animal-based foods indicated that S. Enteritidis was the
most prevalent in Asia, Latin America, Europe and Africa while S. Kentucky, S. Typhimurium and S. Sofia are the most
prevalent serotypes in North America and Oceania (Ferrari et al. 2019).

Studies reviewed showed that C. jejuni was the predominant species in chicken meat samples in Ethiopia and Burkina
Faso (Dadi and Asrat 2009 and Kagambeéga et al. 2018). This finding was similar to reports from southern Benin
(Kouglenou et al. 2020), Tunisia (Jribi et al. 2017), Italy (Di Giannatale et al. 2019), and Vietnam (Luu et al. 2006). C. jejuni
is the most significant species responsible for foodborne enteritis in humans (Shane 1992). The Salmonella serotypes S.
Colindale and S. Korlebu were also identified in lettuce in Burkina Faso (Traoré et al. 2015).

4.4 Antimicrobial resistance

Almost half of the relevant studies reported the isolation of antimicrobial-resistant serotypes of E. coli and Salmonella
in vegetables and Campylobacter and Salmonella in chicken meat. Similarly, resistant strains of Campylobacter and
Salmonella in chicken meat were reported elsewhere in Africa (Gaedirelwe and Sebunya 2008; Abdellah et al. 2009;
Dione et al. 20171; Bester and Essack 2012; Hlashwayo et al. 2020).

Studies in the current review identified E. coli and Salmonella isolates in vegetables that were resistant to antimicrobials
(Guchi and Ashenafi 2011; Weldezgina and Muleta 2016; Kechero et al. 2019). Similar findings are reporting for
vegetables around the world (Faour-Klingbeil et al. 2016; Phuket et al. 2019; Yang et al. 2020). A significant proportion
of these bacterial isolates have developed resistance to routinely prescribed antimicrobial drugs and pose considerable
health hazards to the public unless prudent control measures are instituted (Nghiem et al. 2017).

4.5 Gaps in evidence

The importance of Campylobacter and Salmonella spp in chicken value chains and Salmonella and E. coli in vegetable
value chains, especially in Africa where the disease burden from these pathogens is high compared with other parts of
the world, has been reported in many studies. However, the evidence provided in this review of Ethiopia and Burkina
Faso did not allow strong conclusions to be made. In part this was because only 16 (9.7%) studies were identified that
focused on these specific hazards in chicken and vegetables. The only report of Campylobacter prevalence in Burkina
Faso was conducted very recently (2018). Studies on ETEC in vegetable were absent and Campylobacter in chicken meat
were scarce in both countries. This may be due to lack of sufficient resources for Campylobacter strain identification and
detection of ETEC, which are complex (Kagambeéga et al. 2021).

Regarding the sources of contamination the following are of note: cross-contamination of Salmonella between chicken
carcasses from the use of the same carcass rinsing solution (Kagambeéga et al. 2018); absence of Salmonella in one study
of cooked chicken foods (Somda et al. 2018); and contamination of vegetables with Salmonella through irrigation water
(Weldezgina and Muleta 2016). Other than these, sources of contamination were poorly explained.

Contamination with foodborne pathogens can occur at any point from farm to fork. More studies are required to

identify pathways for contamination along chicken and vegetable value chains in order to target control measures for
foodborne pathogens (Lamas et al. 2018). Furthermore, observation of many strains which are resistant to commonly used
antimicrobials reflects the need to integrate antimicrobial resistance into food microbiological assessments.
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5 Conclusion

Studies from Ethiopia on the prevalence of Salmonella in chicken meat indicate a high level of contamination and
suggest that this is an important source of human salmonellosis; however, risk assessment considering quantities
consumed should be done. The findings also underline the need for a coordinated surveillance and control program

for salmonellosis and other major foodborne zoonotic diseases involving animals, food and people in Ethiopia. Studies
from Burkina Faso highlight that poultry products on sale in Ouagadougou are widely contaminated with Salmonella
and Campylobacter. This reflects a high food safety risk for consumers and highlights the need for improved awareness
among consumers and those working in these value chains, and the need for food handlers to implement safe food
handling practices. Vegetable contamination with Salmonella was also elevated in Burkina Faso, resulting from poor
hygiene and contaminated irrigation water. Often improvements are required throughout the value chain to control FBD
due to the many contamination routes from production to consumption.

Overall the literature was far from comprehensive, and evidence was absent, incomplete or fragmented, reflecting
under-investigation, particularly for Campylobacter studies in chicken meat and ETEC in vegetables, with vegetables
given less attention than chicken. Much remains to be done to provide a clear understanding of these hazards and their

epidemiology in chicken and vegetable value chains in Ethiopia and Burkina Faso.
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Appendix A. Systematic literature
review search terms used

Database

Country

Syntax

PubMed

Ethiopia

(foodborne OR ‘food borne’ OR food-borne OR ‘food safety’ OR ‘food related” OR
‘food associated’ OR ‘food derived’ OR ‘food* illness’ OR ‘food* disease*’ OR
‘food* intoxica*’ OR ‘food pathogen’ OR ‘food* poison*’ OR ‘food* microb*" OR
‘food* vir*’ OR food parasit*’ OR ‘food* toxin’) AND (Ethiop*))

Burkina Faso

(foodborne OR ‘food borne’” OR food-borne OR ‘food safety’ OR ‘food related” OR
‘food associated’ OR ‘food derived’ OR ‘food* illness’ OR ‘food* disease*’ OR
‘food™* intoxica*’ OR ‘food pathogen’ OR ‘food* poison*’ OR ‘food* microb*’ OR
‘food™* vir*’ OR ‘food parasit*’ OR ‘food* toxin’) AND (Burkina*))

CAB Direct

Ethiopia

(title: (foodborne OR ‘food safety’ OR ‘food borne’ OR ‘food related’ OR ‘food
associated’ OR ‘food derived’ OR ‘food* illness’ OR ‘food* disease*’ OR ‘food*
intoxica*’ OR ‘food pathogen’ OR ‘food* poison*’ OR ‘food* microb*" OR ‘food*
vir*” OR ‘food parasit*’ OR 'food* toxin’) OR ab: (foodborne OR ‘food safety’ OR
‘food borne’ OR “food related’ OR ‘food associated’ OR ‘food derived’ OR ‘food*
iliness’ OR ‘food* disease*’ OR ‘food* intoxica*’ OR ‘food pathogen’ OR ‘food*
poison*’ OR ‘food* microb*’ OR ‘food* vir*' OR ‘food parasit*’ OR ‘food* toxin’))
AND (title: (Ethiop*) OR ab: (Ethiop*))yr:[2017 TO 2019]

Burkina Faso

(title: (foodborne OR ‘food safety’ OR ‘food borne’ OR ‘food related’ OR ‘food
associated’ OR ‘food derived’ OR ‘food™ illness’ OR ‘food* disease*’ OR ‘food*
intoxica*’ OR ‘food pathogen’ OR ‘food* poison*’ OR ‘food* microb*" OR ‘food*
vir** OR ‘food parasit*’ OR ‘food* toxin’) OR ab: (foodborne OR ‘food safety’ OR
‘food borne’ OR ‘food related” OR ‘food associated” OR ‘food derived’ OR ‘food*
iliness’ OR ‘food* disease*’ OR ‘food* intoxica*’ OR ‘food pathogen’ OR ‘food*
poison*’ OR ‘food* microb*’ OR ‘food* vir*’ OR ‘food parasit*’ OR ‘food* toxin’))
AND (title: (Burkina*) OR ab: (Burkina*))yr:[2017 TO 2019]
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Appendix B. Summary of studies from
Ethiopia and Burkina Faso

Studies with specific hazard—-commodity
combinations in Ethiopia found in this SLR,

1990-2019

Publication Region Hazard No. of samples and prevalence
Guchiand Ashenafi | Central Ethiopia Salmonella 80 samples from different outlets,
2011 (Addis Ababa) 8 (10%) positive
Kechero etal. 2019 | Central Ethiopia E. coliand 21 salad samples from vending houses,
(Addis Ababa) Salmonella 11 (52.4%) positive for E. coli and
9 2 (9.5%) positive for Salmonella
e
% Alemu etal. 2018a | Southern Ethiopia (Arba | E. coliand 347 samples of cabbage, tomato, green pepper,
I Minch town) Salmonella carrot and lettuce from markets,
= 109 (31.4%) positive for E. coli and
46 (13.3%) positive for Salmonella
Weldezgina and Southwestern Ethiopia Salmonella 120 samples of cabbage, tomato, carrot and lettuce
Muleta 2016 (Jimma town) from irrigated farms,
24 (20%) positive
Molla et al. 2003 Central Ethiopia Salmonella 452 chicken meat samples from supermarkets, 54
(Addis Ababa) (8.3%) positive
Tadesse and Meta-analysis on Salmonella 556 chicken meat samples from markets, pooled
Gebremedhin 2015 | prevalence of Salmonella prevalence of 13.48%
in raw animal products i
n Ethiopia
Tibaijuka et al. Central Ethiopia Salmonella 301 samples of chicken meat, gizzards and livers
S | 2003 (Addis Ababa) from supermarkets, 54 (17.9%) positive
X
9
S | Zewduand Central Ethiopia Salmonella 208 chicken carcass samples from different markets,
Cornelius 2009 (Addis Ababa) 29 (13.9%) positive
Molla and Mesfin Central Ethiopia Salmonella 104 chicken meat samples from processing plants
2003 (Addis Ababa and and markets, 16 (15.4%) positive
Debre Zeit)
Dadiand Asrat Central Ethiopia Campylobacter | 60 chicken meat samples from abattoirs and
2009 (Addis Ababa and supermarkets, 13 (21.7%) positive
Debre Zeit)
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Studies with specific hazard—commodity
combinations in Burkina Faso found in this SLR,

1990-2019

Publication Region Hazard No. of samples and prevalence
Traoré etal. 2015 Ouagadougou Salmonella 20 lettuce samples from irrigated
farms, 10 (50%) positive
%)
[J]
o)
T
g
L Barro et al. 2002 Ouagadougou Salmonella 32 salad samples from vendors,
none positive
Kagambega et al. 2012 Ouagadougou Salmonella 100 chicken carcass samples from
retail markets, 57 (57%) positive
Kagambega et al. 2011 Ouagadougou Salmonella 30 chicken meat samples from open
markets, 11 (37%) positive
Kagambega et al. 2018 Ouagadougou Salmonella 20 chicken carcass samples from retail
markets, 18 (90%) positive
o)
S Ouagadougou Campylobacter 20 chicken carcass samples from retail
S markets, 10 (50%) positive
Barro et al. 2002 Ouagadougou Salmonella 28 fresh chickens found to have
2.11(6) CFU/g of Salmonella and
Shigella, while these microbes were
absentin 32 grilled chicken samples
Somda et al. 2018 Ouagadougou Salmonella 102 chicken samples from producers,

none positive
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