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Food safety information in the African region is insufficient and fragmented due to lack of surveillance, documen-
tation and reporting, thereby resulting in inefficient utilization of resources, duplication of activities, and lack of
synergy among the countries of the region. This paper reviews the prevalence of foodborne pathogens in seven
African countries (Benin, Botswana, Ghana, Kenya, Nigeria, Sudan and Uganda) from papers in regional or inter-
national journals published between January 2000 and December 2015. One hundred and sixteen publications
that dealt with foodmicrobiologywere reviewed for general analysis, while 66 papers on contamination of path-
ogenic bacteria were used for meta-analysis of prevalence. The food items were split into two categories: raw
foods and ready-to-eat (RTE) foods (including street food and beverages) for meta-analysis. Majority of the
reviewed studies (67.2%, 78/116) dealt with food of animal origin: 38.8% for meat and eggs, 17.2% for dairy prod-
ucts and 11.2% for aquatic products. Only 8.6% examined foods of plant origin (fruits and vegetables). The remain-
ing 24.1% was the composite RTE food and beverages. Enterobacteriaceae, Escherichia coli, Salmonella,
Staphylococcus aureus and Listeria monocytogeneswere the most frequently reported organisms in those studies.
Although the data were highly heterogeneous, a striking feature is high prevalence of themajor pathogens in RTE
foods, almost as high as in raw foods. E. coli averaged at 37.6% in raw foods and 31.6% in RTE foods. The corre-
sponding prevalence for Salmonellawas 19.9% vs 21.7%; S. aureus, 27.8% vs 25.1% and L. monocytogenes, 19.5% vs
6.7%. The average prevalence of foodborne pathogens in these countries was 34.2% (29.0–39.3%). Differences in
food types as well as non-uniform protocols for sampling and identification might have contributed to high het-
erogeneity (I2 N97%) although somehigh prevalence data could be factualwith extensive varieties of raw andRTE
foods. Need for improvedhygienic practices inhandling of raworRTE foods are suggested. Implementation of sur-
veillance programs that use uniform laboratory protocols across the region could give homogeneous results.
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1. Introduction

While developing countries continue to struggle with the issue of
food security, that is, the amount of food enough for consumption by
the growing population; there is yet another quandary in these coun-
tries: the safety of food. It is estimated that over 200 types of diseases
are caused or spread by food, sometimes causing long-term health
problems in vulnerable groups of people such as the elderly, pregnant
and the infants (WHO, 2015). Thus, ensuring the safety of food is an im-
portant challenge in developing countries from the public health
perspective.

The WHO, in collaboration with African countries, in 1998
initiated “Integrated Disease Surveillance & Response” (IDSR) in
the region focusing on a list of priority diseases including cholera
and diarrheal diseases in children under five (WHO/AFRO, World
Health Organization Regional Office for Africa, 2013). It was only
after 2005 when International Health Regulations (IHR) came into
existence that ISDR was obliged to include outbreaks of contaminat-
ed food and foodborne diseases under the reporting system (Mensah
et al., 2012). In spite of this effort, food safety programs in the African
region remain fragmented, thereby resulting in inefficient utilization
of resources, duplication of activities, and lack of synergy among the
countries and stakeholders of the region. This, in turn, has led to pau-
city of data on outbreaks of foodborne illness in the African continent
(Akhtar et al., 2014). A typical example of this scantiness is that out
of 33 African countries registered to report the national foodborne
diseases data to Global Food Network databank; only 11 countries
had submitted their data as of 2012 with just one country being a
regular reporter (Mensah et al., 2012).

As a result of improving economy, there is an emergence of a con-
sumer class in African countries, who are now able to direct more
than half of their income towards discretionary spending (Lund &
Wamelen, 2012). A common example of such discretionary expense
is the expenditure on street foods as such foods are ready-made, eas-
ily available, affordable and freshly prepared. However, the street
foodsmay jeopardize human health due to the risk of foodborne con-
taminants. Poor sanitation, improper personal hygiene and contam-
inated utensils as well as untreated water used by street vendors in
developing countries, all act as a conduit for transmission of patho-
gens via foods to humans (Onyeneho and Hedberg, 2013). There
are several studies on the levels of food contamination and preva-
lence of food transmitted pathogens in meat, milk or fish for African
countries (Manani et al., 2006; Kombat et al., 2013; Kpodekon et al.,
2013; Ndahi et al., 2014) and the prevalence data varies greatly
across studies.

This review was attempted to generate pooled prevalence data
based on existing publications from selected African countries using
the meta-analytical approach. The main objectives were to estimate
the prevalence of foodborne pathogens in African food systems, to as-
sess the differences of such prevalence between raw and ready to eat
(RTE) foods and among countries, and to evaluate the level of heteroge-
neity of the published prevalence data.
2. Methods

2.1. Study region, literature search and eligibility criteria

This study was carried out as a review of the available publications
from seven selected African countries viz. Benin, Botswana, Ghana,
Kenya, Nigeria, Sudan and Uganda. Collaborating authors collected pub-
lications from their respective countries. The publications included
those available eitherwithin the country at local institutions or in global
databases. Search was also performed on the African Journals Online
(AJOL) database aswell as PubMed database, using the terms ‘food safe-
ty’, ‘food microbiology’, ‘food pathogens’ and ‘country name’ as the
string of keywords to collect additional publications dated between Jan-
uary 2000 to December 2015. Thesewere tallied with the ones received
from the collaborators and screened as per the inclusion-exclusion
criteria listed below. A record was maintained of the entire literature
search process.

Publications were excluded if they (Akhtar et al., 2014) had sample
number of b30; (Breurec et al., 2010) were related to investigation of
knowledge, attitude and practice (KAP), risk factors and value chain;
(Higgins et al., 2003) dealt with food handlers and their hygienic prac-
tices; (Kagambega et al., 2011) examined vectors involved in microbial
transmission, such asflies, cockroaches, and other fomites; (Kagambega
et al., 2013) performed economic analyses of foodborne diseases and
technological reviews; (Kleter & Marvin, 2009) were related to cooking
practices and food handling procedures; (Knutsson et al., 2011) were
related to case studies of food-poisoning with unknown etiologies;
(Kokkinos et al., 2012) examined the veterinary drugs, toxins, pesticide,
metals, and other residues in the food components; (Kombat et al.,
2013) were related to food processing, nutrient composition and prox-
imate analyses; (Kpodekon et al., 2013) focused on effects of heat,
chemical, dehydration or other physical agents on the quality & shelf-
life of foods; and (Lund &Wamelen, 2012) focused on the use of photo-
chemical in food industry.

Endnote version X6 (Thomson Reuters) was used to catalogue, col-
late and manage the collected publications and citations thereafter.

2.2. Data extraction

Full text of screened publications was obtained from appropriate
sources and data extracted in a MS Excel spreadsheet under multiple
headings such as food commodity, sample size, sampling point, method
of analyses used, organisms isolated, prevalence and other tests per-
formed on the isolates.

2.3. Data analysis

The extracted data were used for descriptive statistics. Further anal-
ysis was carried out in multiple steps. The meta-analysis and Forest
plotting of major pathogens as well as estimation of the country
effect were done using the OpenMeta-Analyst, Task Order # 2 software
(available at https://www.brown.edu/academics/public-health/

https://www.brown.edu/academics/public-health/research/evidence-based-medicine/research-initiatives/software-0


Table 1
Number of publications reviewed by country.

Country Number of
publications

Referencesa

Benin 12 24, 25, 30, 32, 37, 45, 56, 62, 63, 72, 103, 105
Botswana 11 1, 35, 66, 68, 71, 74, 79, 80, 84, 99, 106
Ghana 24 2, 6, 7, 10, 11, 12, 13, 14, 15, 20, 21, 22, 23, 26, 28,

38, 46, 65, 69, 75, 91, 92, 111, 116
Kenya 18 27, 48, 49, 50, 57, 59, 60, 61, 64, 67, 70, 73, 88,

93, 94, 97, 102, 108
Nigeria 21 5, 8, 34, 36, 39, 43, 44, 47, 54, 55, 87, 89, 95, 96,

98, 100, 101, 104, 107, 110, 114
Sudan 22 3, 4, 9, 16, 17, 18, 19, 29, 40, 41, 42, 51, 53, 76, 77,

78, 85, 90, 105, 112, 113, 115
Uganda 8 31, 33, 52, 58, 81, 82, 83, 86
Total 116

a The number corresponds to the serial number of reviewed publications listed out in
‘Data in Brief’.

37N. Paudyal et al. / International Journal of Food Microbiology 249 (2017) 35–43
research/evidence-based-medicine/research-initiatives/software-0).
The data were analysed in binary random model effects by the
DerSimonian-Laird method at 95% confidence interval. Individual
modelswere used for analysis of the eachmajor pathogen. The food cat-
egory as raw or RTE was used as covariate for subgroup meta-analysis
for each pathogen. Because the types of food were so diverse and the
number of studies dealing with the prevalence of a particular pathogen
in a specific food type was low among the total ‘eligible’ studies, we did
not try to consider specific food type as a co-variable. The variations
among countries were estimated using a country name as a covariate
for the subgroup. Inconsistency (or heterogeneity) across the studies es-
timated in the random-effects model was quantified using inverse var-
iance index (I2). The I2 values at 25%, 50% and 75% were considered as
low, moderate and high heterogeneity, respectively (Higgins et al.,
2003).

3. Results

Among the 226 publications collected by the collaborators from
listed countries, eighty publications were considered suitable for inclu-
sion in this review. Inclusion of additional publications available from
PubMed and AJOL databases finally summed up to 116 publications
that specifically dealt with food safety, food microbiology and food
pathogens. The flow diagram of the literature search and selection of el-
igible studies is presented in Fig. 1.

3.1. Papers included in the analysis by countries and types of commodities
examined

Table 1 shows the number of publications from individual countries
that were included in this review. Ghana, Sudan and Nigeria had more
Fig. 1. Flow diagram of the literature sea
papers included (n = 21 to 24) than the other countries. There were
only 8 papers from Uganda. Kenya, Benin and Botswana ranged in-
between.

The food commodities varied in terms of their origin, type, utility or
value addition. For the purpose of analyses, we grouped these items
under a broader range of commodities as shown in Table 2. Majority
of the studies (67.2%, 78/116) dealt with foods, raw or ready-to-eat
(RTE) of animal origin: 38.8% (45/116) meat, 17.2% (20/116) dairy
products, and 11.2% (13/116) aquatic products. Only 8.6% (10/116) of
the foods examined were of plant origin. The remaining 24.1% (28/
116) were the RTE composite foods, menu items of mixed origin, and
beverages such as drinking water (bottled, sachet, spring water, well
rch and selection of eligible studies.

https://www.brown.edu/academics/public-health/research/evidence-based-medicine/research-initiatives/software-0


Table 2
Food commodities covered in the publications.

Commodity Includes Number of
publications

Meat Fresh meat, frozen meat, ready-to-eat meat
& meat products (sausages, burgers etc),
value added meat items (dried, smoked,
pickled, fermented etc), body swabs from
slaughtered animals, factories, and slaughter
tools

45

Dairy products Fresh milk (pasteurized or non pasteurized),
milk products (ice-cream, cheese etc), value
added milk items (fermented milk) & water
used in dairy products

20

Aquatic foods Fish (fresh or frozen), snails, clams, value
added fish (dried, fermented, smoked,
pickled) & fish body swabs

13

Vegetables, fruits &
juices

All types of vegetables (raw or frozen or
cooked), all fruits & juices (fresh or
processed), water used in vegetable market
& salads

10

Ready-to-eat foods
and othersa

Drinking water, mixed foods served at
streets, hospital and airports, mixed
non-specific food items, mushrooms, spices
and condiments.

28

Total 116

a The ready-to eat foods include the composite menu items from street vendors, res-
taurants and local eateries, while others include cereals, pickles, sauces, dips and bever-
ages like gruels and soups.
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water, bore-hole water), gruels, soups and some dipping pickles/sauces
that were sold as compliments to certain RTE food items.

3.2. Organisms recovered by types of food commodity

Table 3 shows the recovery of microorganisms Escherichia coli,
Staphylococcus aureus, Salmonella, Bacillus and Listeria monocytogenes
in the foods. Most of them appeared in meat. Since most of the studies
reportedmultiple organisms in a single food commodity, the total num-
ber of major organisms reported (n = 201) was higher than the total
number of studies (n= 116). This should not be regarded as a discrep-
ancy. Other microorganisms reported in these publications were Cam-
pylobacter, Streptococcus, Pseudomonas, Clostridium, Yersinia,
Enterococcus, and Vibrio, most of which were identified only up to the
genus level.

3.3. Prevalence of pathogens in raw foods and ready-to-eat food products

There were several studies that focused on the sentinel organisms of
general hygiene, such as fecal coliforms, Enterobacteriaceae,Micrococcus
Table 3
Number of studies showing positivefindings ofmajor bacterial species indifferent foods in
the reviewed publications (n = 116).

Meat Milk Fish Vegs &
fruits

Cereals Others Total
(%)b

Eschericia coli 22 8 5 6 1 9 51 (44)
Staphylococcus aureus 22 7 4 3 1 5 42 (36)
Enterobacteriaceaea 14 5 5 4 1 10 39 (34)
Salmonella spp. 21 2 5 3 1 4 36 (31)
Bacillus spp. 8 2 1 2 1 4 18 (16)
Listeria monocytogenes 6 3 1 4 1 0 15 (13)
Total 201

a Enterobacteriaceae does not include pathogenic E. coli and Salmonella.
b Since most studies have reported multiple organisms from a single food commodity,

the total number of isolates (n=201) is higher than the number of publications reviewed
(n= 116). The percentage (%) recorded is the addition of all the counts or numbers of the
particular pathogen in foods in all the publications reviewed divided by the total number
of studies (116) multiplied by 100.
spp., etc. As these studies dealt with general hygiene such as quantity of
bacterial populations in food in terms of colony forming unit (CFU) or
most probable number (MPN), they (n=50)were not included for fur-
ther analysis. A total of 66 papers were subjected to meta-analysis.
These papers dealt with prevalence of foodborne pathogenic bacteria
such as E. coli (including VTEC/EHEC/ETEC/STEC or those mentioned as
E. coli but excluding those reported as coliforms, environmental E. coli,
thermotolerant coliforms or fecal coliforms), Salmonella (with or with-
out indication of species and serotypes), L. monocytogenes and S. aureus.
The publications were classified into two categories, one dealing with
‘raw foods’ of plant or animal origin and the other with ‘ready to eat
(RTE) foods’ of plant or animal origin. Since someof the studies reported
on more than one type of food commodity, a total of 108 different food
items (including 68 raw foods and 40 RTE foods)were reported in these
66 publications.

Fig. 2 shows that the average prevalence of E. coli in the foods as cal-
culated from the reviewed publications (n = 33) was 35.4% (95% CI:
27.7–43.1, p b 0.001). The average prevalence in raw foods was 37.6%
(95% CI: 28.1–47.1) (n = 21). RTE foods had average prevalence of
31.6% (95% CI: 15.3–47.9%) (n = 12). There was high heterogeneity
among the publications concerning prevalence of E. coli in foods (I2 =
99.7%).

The average prevalence of Salmonella spp. in the foods as calculated
from 31 publications was 20.5% (95% CI: 13.3–27.7, p b 0.001). Preva-
lence of Salmonella averaged at 19.9% (95% CI: 10.6–29.2) (n = 20) in
the raw foods and 21.7% (95% CI: 9.8–33.5) (n = 11) in the RTE foods
(Fig. 3). There was also high heterogeneity among these publications
(I2 = 99.3%).

Fig. 4 shows the average prevalence of S. aureus in the foods at 26.5%
(95% CI: 17.3–35.6, p b 0.001) (n=27). The average prevalence of S. au-
reus in raw foodswas 27.8% (95% CI: 11.1–44.6) (n=13) and 25.1% (5%
CI: 15.2–35.0) (n=14) in RTE foods. The reports on this pathogenwere
also of high heterogeneity (I2 = 99.1%).

Fig. 5 shows that L. monocytogenes had average prevalence of 13.5%
(95% CI: 7.1–19.8, p b 0.001) (n = 13). Its average prevalence was
19.5% (95% CI: 7.7–31.4%) in the raw foods (n = 7) and 6.7% (95% CI:
2.5–10.8%) in RTE foods (n= 6). L. monocytogenes had the lowest prev-
alence rate as compared to the other three pathogens examined. The
heterogeneity among the reports on L. monocytogenes was also high
(I2 = 97.8%).

3.4. Prevalence by countries

The overall average prevalence of foodborne pathogens in these
countries was 34.2% (95% CI, 29.0–39.3%) and difference in prevalence
rates among the countries was statistically significant (p b 0.001). Prev-
alence was highest in Uganda (50.8%with 95% CI between 9.8 and 91.8,
p b 0.015) and lowest in Botswana (9.1% with 95% CI between 5.5 and
12.8, p b 0.001) (Fig. 6). The other five countries had prevalence levels
between the two above. The values of I2 between 94.1% and 99.8% for
all countries imply that the studies from these countries had high
heterogeneity.

3.5. Sampling plans and methods used in the studies

There were varieties of sampling points in the studies reviewed. The
commonest sampling points were those either at the production sites
(slaughterhouses, butchers' stalls or farms) or at markets (malls, local
markets, farmers' markets and retail outlets) for fresh or raw food com-
modities. The local food sellers, street vendors, roadside eateries, make-
shift shops or restaurants were the common points of sampling for RTE
foods. None of the studies used a systemic sampling scheme for a partic-
ular food item from production to market along the food chain. There
were variations in terms of sample size, sampling frame (criteria for
collecting samples, inclusion and exclusion of commodities to be stud-
ied), and isolation protocols among the studies even for the same



Fig. 2. Prevalence of E. coli (including ETEC, VTEC, STEC, EHEC) in raw and ready-to-eat foods (Random Effects Model, T2 = 0.050, I2 = 99.72%, p b 0.001). X-axis is the proportion of the
organism reported in individual studies as listed along the Y-axis, with the range of proportion in 95% confidence interval (CI). Studies given higherweights are indicated by largermarkers.
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microorganism. Few studies used nationally or internationally
accredited methods. There was no uniformity among the studies with
regards to the protocol for isolation and identification.

All the studies used conventionalmicrobiologicalmethods for bacte-
rial isolation and identification. Eighteenpublications (15.5%) combined
conventional microbiology with molecular methods, while nine (7.8%)
combined conventionalmicrobiologywith serological tools for bacterial
identification.

4. Discussion

Seven countries of different developmental and economic status in
Africa were chosen, so expecting a similar level of scientific advance-
ment and sophistication in terms of research output and methodology
is impractical. Moreover, it has been reported that research production
in Africa is highly skewed (Uthman & Uthman, 2007) as South Africa
alone contributed to one third of the African researches indexed in
international databases like PubMed. Other one third was the cumula-
tive contribution of Egypt and Nigeria while the remaining one third
was the contribution of all other African countries. Six out of the seven
countries in our selection were grouped in the last one-third segment.
Some 65% of African research papers were published in local journals
that are not listed in the international databases as PubMed and Scopus
(Uthman & Uthman, 2007), while some are available as grey literatures
or as hard copies only in university repositories and libraries. Thismight
account for the retrieval of fewer literatures for some countries in this
review.

Of the 116 publications reviewed, for the 15-year period from 2000,
nearly 70% covered the period between 2010 and 2015. This indicates,
in part, increased attention to the issues of microbial food safety in
this region in recent years. The research input also varied among the
countries, with Ghana, Nigeria and Sudan beingmore activewith higher
number of publications per country included in this review. In global
context, three major foodborne bacterial pathogens (Salmonella spp.,
Campylobacter spp. and E. coli) have persisted throughout the 1990s to
date with relatively more recent addition of L. monocytogenes (Newell
et al., 2010). This review concludes that themost commonmicroorgan-
isms isolated from selected African countries were E. coli, Salmonella
spp., S. aureus, and L. monocytogenes, all having two-digit percent prev-
alence on average, both in rawand in RTE foods. Higher prevalence rates
of E. coli and Salmonella in raw and RTE foods suggest a significant
breach in the critical control points during handling of foods.

Several recent reports from other African countries (not included in
this review) showed varying rates of prevalence of foodborne patho-
gens. Prevalence of Salmonella spp. was 53% in slaughtered animals in
Burkina Faso (Kagambega et al., 2013). Another study from Burkina
Faso reported 100% prevalence of E. coli in raw meats, but only 9.3%
for Salmonella (Kagambega et al., 2011). A study in Lesotho reported

Image of Fig. 2


Fig. 3. Prevalence of Salmonella in raw and ready-to-eat foods (Random Effects Model, T2 = 0.041, I2 = 99.3%, p b 0.001). X-axis is the proportion of the organism reported in individual
studies as listed along the Y-axis, with the range of proportion in 95% confidence interval (CI). Studies given higher weights are indicated by larger markers.

40 N. Paudyal et al. / International Journal of Food Microbiology 249 (2017) 35–43
the prevalence of E. coli, Staphylococcus and Salmonella at 5.41%, 4.33%
and 0.72%, respectively (Seeiso and McCrindle, 2009). Estimation of
the country effect on average prevalence revealed that the findings
from all studies in these countries were highly heterogeneous, as
shown by scattered points with apparent outliers in Fig. 6. The preva-
lence data were also of high heterogeneity among studies. It is difficult
to identify the specific factors that might have contributed to high het-
erogeneity of the data. The prevalence data could be factual with exten-
sive varieties of foods processed or handled under different hygienic
conditions.

Various global studies strongly adhere to the fact that most of the
foodbornepathogens are introduced as exogenous contaminants during
handling, processing and preparation rather than being present as en-
dogenous contaminants (Rane, 2011). Presence of E. coli is considered
as a reliable marker of fecal contamination (Akhtar et al., 2014). For
crops that are grown on soil which has been fertilized with animal
dung or poultry manure, a practice common to Africa or Asia (Shenge
et al., 2015), or fields irrigated with grey water (Madungwe and
Sakuringwa, 2007), there will be higher risk of the final produce being
contaminated by organisms such as E. coli, Salmonella and various En-
terobacteriaceae (Newell et al., 2010). Recent studies on contamination
of microbial pathogens along the value chain for vegetables in Nairobi
have shown that the risk of contamination is greater during postharvest
activities rather than during their production using sewage irrigation
water (Samuel K. Mabuga, personal communication). Similarly there
are reports on presence of Listeria inmilk produced fromhealthy animal
as a result of exogenous contamination (Breurec et al., 2010). Thismight
be a possible reason that most of the L. monocytogenes were recovered
from raw milk or ready to eat milk products like cheese and yoghurts.
All these indicate that post-production processes are likely to contami-
nate the food products, either raw or RTE.

This review reveals that pooled average prevalence of these four
pathogens in RTE foods are in the range to raw foods. In addition to
poor general hygiene, the sanitary status of raw materials, the qual-
ity of water used during cleaning-cooking procedure, mode of
cooking/food preparation (e.g. insufficient heat treatment) and sub-
sequent holding of foods in absence of refrigeration or human inter-
vention could greatly contribute to prevalence of these pathogens in
RTE foods. All RTE food commodities in these studies were sampled
from roadside vendors, local caterers, makeshift shops and restau-
rants with minimal facilities and poor hygiene that might have led
to higher contamination rates. An African survey reported that 85%
of the vendors prepared foods like fish, fruit salads, roasted maize
and chips in unhygienic conditions with garbage and waste in the vi-
cinity which provided harborage for vectors (e.g. flies) that might be
linked to enteric diseases caused by Shigella, Salmonella and E. coli
(Rane, 2011).

There was a report in 2002, an early year within the period 2000–
2015 for this review, on the need to improve the hygienic status of
street vendors in terms of their service environment, practices and

Image of Fig. 3


Fig. 4. Prevalence of Staphylococcus aureus in raw and ready-to-eat foods (Random Effects Model, T2= 0.057, I2 = 99.14%, p b 0.001). X-axis is the proportion of the organism reported in
individual studies as listed along the Y-axis, with the range of proportion in 95% confidence interval (CI). Studies given higher weights are indicated by larger markers.
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personal behavior (Mensah et al. 2002). However, it is evident that
those recommendations have not been implemented as suggested.
High levels of E. coli in raw and RTE food commodities are clear
Fig. 5. Prevalence of Listeriamonocytogenes in raw and ready-to-eat foods (Random Effects Mod
individual studies as listed along the Y-axis, with the range of proportion in 95% confidence in
indication of poor hygiene and sanitation (Manguiat and Fang,
2013). Presence of S. aureus, which is regarded as an indicator organ-
ism for contamination from human hands or improper handling of
el, T2= 0.013, I2= 97.82%, p b 0.001). X-axis is the proportion of the organism reported in
terval (CI). Studies given higher weights are indicated by larger markers.
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food (Manguiat & Fang, 2013), also correlates with unhygienic hand
practices by the vendors. These scenarios strongly corroborate the
assumptions that contamination of foods either originate from the
raw food materials or are due to poor personal hygiene and cross-
contamination of pathogens from raw foods to RTE foods which
could then be aggravated by unclean environment or sometimes
even by cross handling of cash in trading of street foods (Muyanja
et al., 2011).

The recovery rates of the organisms under study could be severely
affected by the methods or protocols used by different laboratories
(Kleter and Marvin, 2009). Laboratory protocols used varied among
the publications reviewed and only few of the studies used internation-
ally recommended methods and protocols. Sample size is yet another
factor in providing data of statistical confidence. Large-scale data with
enough number of samples and long-time surveillance increases the
sensitivity of the tests. Our literature search did not find any reports of
such extensive investigations for these selected African countries. For
this reason, twenty-eight studies were excluded from this review be-
cause of their small sample size. It is hoped that national and regional
surveillance programs for foodborne pathogens using regionally or in-
ternationally recognized testing protocols be used in the future. Efforts
should be made to integrate resources for research and regulatory
activities in food safetymanagement at national or regional level within
the African continent for apparent economic reason.

It iswidely accepted that safe food can only be assured by preventive
measures applied in the entire food chain (Knutsson et al., 2011;
Kokkinos et al., 2012; Opiyo et al., 2013). In studies where samples are
collected from one point in the food chain, it is impossible to identify
the location causing contamination.We found thatmajority of the stud-
ies targeted on foodborne pathogens were from informal food busi-
nesses like street foods and open-air markets. In such food operations,
there could be no quality assurance programs, nor were there any hy-
gienic measures in place. Therefore, it is challenging to the authorities
as to how the RTE foods and street vended foods produced in the infor-
mal sectors should be regulated.

5. Conclusion

The common organisms isolated from foods in selected countries
during the 15-year period were, in order from high to low, E. coli, S. au-
reus, Salmonella spp. and L. monocytogenes irrespective of the fact that
the prevalence data were of high heterogeneity among studies or
among countries. Use of different protocols or analytical methods by in-
dividual researchers could have contributed to variations among the
studies. A distinct feature was that the prevalence of pathogens in RTE
foodwas almost as high as in raw foods, an indication of post-processing
contamination likely due to inadequate hygiene practice. Other contrib-
uting factors include poor food safety governance systems, insufficient
food hygiene education and presence of reservoirs and vectors in or
near the food production or service areas. It is expected that GMP and
HACCP will be introduced progressively, though gradual, in the food in-
dustry in the region for proactive intervention of microbial food safety
along the food chain. Before that, education of food vendors and
operators on good hygienic practices remains the most cost-effective
way.
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