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Abstract

Avian colibacillosis, caused by avian pathogenic Escherichia coli (APEC), appears to be of
increasing concern in both poultry and human health in Southern Africa, but no conclusive
studies on the potential risk factors associated with its spread in the region have been
conducted. The aim of this narrative review was to assess the potential risk factors in light of
APEC transmission. Information about these potential risk factors was gathered using well-
known scholarly databases such as Web of Science, Scopus, ScienceDirect, PubMed, and
Google Scholar. Anthropogenic factors, poultry housing conditions, access to contaminated
water and feed, exposure of poultry to viral or other pathogens, and proximity of poultry
farms to other poultry farms or other animals, have all been identified as potential risk
factors. Researchers and poultry farmers will be better informed about the risk of
transmission and ways to prevent the spread of APEC in the region as they gain a deeper
insight of the underlying factors, resulting in increased savings and improved animal and

human health.
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Introduction
Poultry meat is preferred over other meats by consumers due to its lower fat content, source

of all essential amino acids, iron, and minerals. It is less expensive and subject to fewer
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cultural or religious restrictions when compared to other meats when used as food (Adamski
et al.,, 2017; Adeyanju and Ishola, 2014). Chickens, in particular, are selectively bred for
faster and more uniform growth (Kemmett et al., 2013). Escherichia coli is a gram-negative,
flagellated bacterium found in mammals' and birds' digestive and upper respiratory tracts
(Pourabbas and Feizi, 2015). The presence of pathogenic E. coli in the environment or in
poultry gastrointestinal or respiratory systems, on the other hand, is a potential risk factor for
avian colibacillosis. Avian colibacillosis is caused by avian pathogenic Escherichia coli
(APEC), an extraintestinal pathogenic Escherichia coli (EXPEC). The disease is characterized
by airsacculitis, perihepatitis, pericarditis, salpingitis, omphalitis, coligranuloma, and
cellulitis (Cunha et al., 2014). The bacterial strains have a diverse set of virulence factors,
allowing them to escape from the gastrointestinal tract and spread to various internal organs,
resulting in colibacillosis (Kazemnia et al., 2014). Depending on environmental variables and
host stress, even less pathogenic strains with less virulence genes can infect organs and cause
colibacillosis (Mbanga and Nyararai, 2015). In mammals, colibacillosis is largely an
intestinal disease, but in poultry, it can produce localized or systemic disease, usually when
the host's defense mechanisms are compromised (Kabir, 2010; Dhama et al., 2013). APEC
infections are also regarded as a financial burden in the global poultry industry, owing to the
high mortality rates (3—4% of birds on a farm) and spoilage of poultry carcasses during
slaughter and storage (Kemmett et al., 2013; Dhama et al., 2013; Kazemnia et al., 2014; Sola-
Gines et al., 2015; Mohsenifard et al., 2016). According to a recent report by Bortolaia et al.
(2016), poultry meat is one of the causes of food illnesses in humans. Pathogenic E. coli and
other spoilage microorganisms in poultry continue to be a major concern for poultry farmers,
suppliers, consumers, and public health officials worldwide. In most countries around the
world, Escherichia coli is one of the microorganisms that has consistently been linked to
foodborne illnesses (Kabir, 2010; Dhama et al., 2013).

Diarrhoea is a common symptom of E. coli infection, but it can be complicated by other
syndromes such as fever, dysentery, shock, and general immunocompromisation, depending
on the serotype (Mohammad and Reza, 2015). These characteristics of E. coli infections
make them a major health concern for HIV/AIDS patients, as diarrhoea is one of the most
common symptoms in such people. Treatment of such diseases may result in significant
savings losses for countries, resulting in a decrease in the Gross National Product (GNP).
According to the UNAIDS (2014) report, Southern Africa is regarded as the "epicentre™ of



the global HIV epidemic, with HIV/AIDS prevalence rates of 15% and 27.4% in Zimbabwe

and Swaziland, respectively.

Empirical evidence has indicated that multiple factors are at play in the establishment of
APEC infections in chickens. Many reports have implicated poor poultry housing conditions,
with high levels of contaminated faecal dust and ammonia (Kabir, 2010; Sadeyen et al.,
2014), suboptimal or poor husbandry practices (Pan and Yu, 2014), contaminated water and
feed, stress (Mbanga and Nyararai, 2015), underlying viral diseases (Sadeyen et al., 2014),
contaminated eggs or vertical transmission (Pourabbas and Feizi, 2015), vectors and
cannibalism (Zurek and Ghosha, 2014) and proximity to other animals and other poultry
farms (Landman and Cornelissen, 2006; Pohjola et al., 2015), can increase chances of
transmission of APEC in chickens. Despite the evidence, there are still concerns about the
risk factors for APEC in Southern Africa. To the best of our knowledge, no studies have
attempted to assess any links between the occurrence of APEC and the high incidence and
prevalence of gastroenteritis in human populations, the impact of APEC on the health of
HIV/AIDS patients, or the economies of Southern African countries. As a result, no
colibacillosis control strategies have been investigated, nor has an understanding of the
conditions that allow E. coli to survive in various environmental samples for lengthy periods
of time been gained. The role of anthropogenic practices and environmental factors in APEC
transmission between farmed birds, as well as between birds and their environment or

humans, is still unknown.

A better awareness of APEC transmission would aid in the reduction and elimination of avian
colibacillosis in poultry flocks, reducing economic losses in the poultry industry as well as
the potential hazards to public health (Kabir, 2010). The current review provides a detailed
account of the potential risk factors for the transmission of avian pathogenic E. coli in
Southern Africa. To that end, closeness of poultry farms to other poultry farms or other
animals has been examined, as well as anthropogenic factors, housing conditions for poultry,
access to contaminated water and feed, exposure of chickens to viral or other diseases, and

other variables.

Mechanisms of Transmission of APEC

Housing conditions, ventilation and stress



While direct contact has been shown to be a major factor in APEC transmission, the impact
of poor housing conditions has also been reported (Christensen et al., 2021). Poor ventilation
and/or excessive levels of dust particles or other chemical fumes in poultry houses, according
to reports, harm the poultry respiratory system (Kabir, 2010; Sadeyen et al., 2014). The
APEC may enter through scratches or wounds on the damaged respiratory tract resulting in
airsacculitis, polyserositis, and possibly septicaemia (Christensen et al., 2021). High levels of
ammonia (25 to 100 parts per million) can damage the epithelial lining or paralyze the cilia
that line it, decreasing the ability of the bird to filter hazardous dust and bacteria from the
respiratory system (Kabir, 2010). Ammonia levels are typically high in colder climates
because ventilation is reduced to save money on heating (David et al., 2015). Lower
ventilation rates cause the air inside poultry houses to become humid, which raises the
moisture content in the litter and creates the ideal environment for bacteria to break down
uric acid and release large amounts of ammonia, which can harm the poultry respiratory

system and increase the risk of APEC transmission (David et al., 2015).

It is not advised to clean poultry houses while the birds are inside because doing so can result
in the release of significant amounts of faeces-contaminated dust. APEC transmission in
chicken flocks has been demonstrated to occur via inhalation of contaminated faecal dust
(Dhama et al., 2013; Sadeyen et al., 2014). Dust has been demonstrated to harbour E. coli for
a very long time (Davis and Morishita, 2005). To this end, E. coli was reportedly isolated
from dust from livestock farms that had been kept at 40C for up to 35 years (Schulz et al.,
2016). Similarly, Rosa et al. (1997) isolated strains of E. coli with multi-resistance to
antimicrobials such as trimethroprim and tetracycline from dust that had settled both indoors
and outdoors of poultry houses in Mexico City. In Bindura (Zimbabwe), Mashoko et al.
(2016) found high coliform counts (2.0 to 3.77 log CFU/g) in dust. Furthermore, loads of dust
was seen on the windows and walls of most poultry houses in preliminary studies at chicken
farms in and around Masvingo, which may raise the danger of APEC transmission in the
birds kept there. Based on this and other reports, we believe that dust that circulates in and
around poultry houses could be an important vehicle for APEC transmission. As a result,
well-ventilated poultry houses are thought to limit the spread of APEC and other infections

in chickens.

Furthermore, our preliminary research indicates that the type of bedding material used in

poultry houses in Zimbabwe may be significant factors for the transmission of APEC in



chickens. There have been reports of using wire mesh or concrete flooring, dried grass, wood
shavings, and crop residues as bedding for chickens (Gororo and Kashangura, 2016; Nunes et
al., 2016). When walking regularly on hard, rough, or pointed surfaces, birds have been
observed to develop tiny lesions on their feet (Heerkens et al., 2015). The lesions may act as
ports of entrance for E. coli (Dhama et al., 2013). APEC can also be transmitted through
wounds caused by rough handling by farm personnel and ectoparasite bites (e.g., lice, mites,
ticks, fleas and flies), or through unhealed navels in chicks (Barnes and Gross, 1997).
According to a number of studies carried out elsewhere, some farmers reused litter (bedding)
for a number of growth cycles before completely cleaning the chicken houses (Pepper et al.,
2021; Chinivasagam et al., 2016). However, farmers that use this method put their flocks at
danger because mixing old poultry litter with old flocks' excrement may be a significant
source of disease transmission (Pan and Yu, 2014). The reuse of litter may also be a risk
factor in the spread of APEC.

According to reports, the temperature inside poultry houses affects APEC transmission in
chickens (Omer et al., 2010). Pathogens are reportedly moderately resistant to environmental
agents, but susceptible to disinfectants and high temperatures (Oosterik et al., 2014; Khoo et
al., 2010; Dhama et al., 2013). Aside from diseases and nutritional challenges, extreme
temperatures are known to cause stress in chickens, making them more susceptible to
infections (Kapetanov et al., 2015). Following moderate stress caused by cold stress and
corticosteroids, birds have been shown to acquire short-lived nonspecific resistance to
colibacillosis (Dhama et al., 2013). Even with the least pathogenic strains, stress increases
infection in poultry (Mbanga and Nyararai, 2015). Colibacillosis often appears when a bird

has experienced a physical, dietary, toxic, or viral challenge or trauma (Nolan et al., 2013).

High densities, the onset of sexual maturity, and poor husbandry practices have been shown
to cause stress in chickens (Sadeyen et al., 2014), which increases infection pressure. The
caecal counts of bacteria like Salmonella enteritidis in chicks are also known to increase with
higher housing densities (Asakura et al., 2001). The same might be presumed to apply to
APEC transmission, but further study is needed because various bacteria may have different

needs for growth.

Contaminated Water, Feed and Eggs



Water has the potential to be an important vehicle for the spread of APEC in poultry. Ozaki
and Murase (2009) demonstrated that contaminated well water can introduce pathogenic E.
coli serotypes into poultry flocks, leading to APEC transmission. The use of reclaimed
wastewaters in urban chicken farming may aid in the transmission of APEC. Adefisoye and
Okoh (2016) discovered multidrug resistance (MDR) in E. coli strains isolated from the
discharged final effluents of two wastewater treatment facilities in South Africa's Eastern
Cape Province. Final effluents of wastewater could be an equally important risk factor if the
water is used in poultry farming. Contamination of feeds and feed ingredients has the
potential to introduce new strains of the pathogens (Martins da Costa et al., 2007). There is
also evidence that the type of diet fed to chickens can influence their intestinal microbiome.
Certain dietary components have been shown to promote the growth of some intestinal
bacteria while suppressing the growth of others (Conlon and Bird, 2015). Diets high in
indigestible non-starch polysaccharides and animal protein have been shown to promote the
growth of Clostridium perfringens in the chicken hindgut (Pan and Yu, 2014). While the
factors that favour C. perfringens transmission may not be the same as those that favour
APEC transmission, we believe that certain dietary components used in Southern African
chicken feeds (e.g., groundnuts shells, fishmeal, bones) may increase the risk of APEC
transmission. With the above reports in hand, it is necessary to establish a link between the
prevalence or incidence of avian colibacillosis and the dietary components of chicken feed
used in Southern Africa.

If eggs are contaminated with faeces, the yolk sac may become infected with E. coli during
hatching, which is generally associated with high mortality rates (Dhama et al., 2013;
Pourabbas and Feizi, 2015). Nwiyi et al. (2016) demonstrated that fowl typhoid and pullorum
disease can be passed down from generation to generation via infected eggs. While the risk
factors for APEC transmission may differ from those for fowl typhoid and pullorum disease,
we believe that contaminated eggs may increase the risk of APEC transmission. Fumigation
of eggs within two hours of laying, as well as removal of eggs with cracked shells or soiled
with faecal material, has been shown to reduce avian colibacillosis cases (Shahein and
Sedeek, 2014).

Underlying chicken diseases
Colibacillosis frequently co-occurs with other diseases, such as respiratory viral or

Mycoplasma infections (Sadeyen et al., 2014), making diagnosis and management difficult



for farmers (Nolan, 2013). On the other hand, birds with functional immune systems are
notably resistant to E. coli prevalent naturally in their surroundings (Hyline News, 2015).
Immune impairment induced by acute infections, particularly infectious bursal disease,
reovirus, Newcastle disease, infectious bronchitis, Marek's disease, and adenovirus, can make
flocks more vulnerable to APEC infection (Pourabbas and Feizi, 2015; Cuperus et al., 2016).
Furthermore, we are investigating how underlying infections and the existence of antibodies
in the serum to conditions like infectious bronchitis virus and Newcastle disease virus may
contribute to the spread of APEC.

Disease vectors and cannibalism

APEC transmission could occur through other animals in both housed and free-range
chickens. In our survey, we discovered that birds of prey frequently gain access to poultry
houses in Zimbabwe, potentially increasing the risk of pathogen transmission, including
APEC. People, as well as fomites, rodents, chicken mites, and flies, can act as APEC vectors
(Vandekerchove et al., 2004). It has been shown that flies and bugs can transfer bacteria that
are identical to those found in animal dung and multidrug-resistant clonal lineages to new
substrates (Zurek and Ghosha, 2014). Extended spectrum beta-lactamase (ESBL)-producing
E. coli was reportedly isolated on flies collected in poultry houses (Blaak et al., 2015), raising
the risk of APEC transmission even further. Rodent droppings could also be a significant
source of APEC (Dhama et al., 2013). According to Armougom et al. (2016), rodent
droppings can facilitate spread of antibiotic resistant genes among bacterial strains.
Furthermore, flea infestations in poultry flocks have been shown to cause stress in the birds
(Dhama et al., 2013). As a result, we hypothesize that fleas or other sucking parasites
transmit APEC when they sucking blood from birds, and that flies may carry APEC from sick
bird lesions to healthy birds and poultry feeds. In this study, we propose insect control as an
important flock management practice for reducing APEC transmission. Furthermore, APEC
was found to be transmitted between chickens via perking wounds and cannibalism (Kabir,
2010).

Proximity to other animals, poultry farms and poultry density

Distances between poultry farms have been shown to be a significant risk factor in the spread
of avian diseases (Landman and Cornelissen, 2006; Wang et al., 2013). One of the most
efficient approaches to decrease colibacillosis may be to reduce the number of chicken farms

in an area, as well as the population of hens on individual farms (Vandekerchove et al.,



2004). Commercial poultry should be separated from village backyard flocks, which typically
live in close proximity to wild birds if biosecurity measures are not strictly enforced (Wang et
al., 2013; Pohjola et al., 2015). The exotic Newcastle disease outbreak in the United States
between 2002 and 2003 reportedly began in backyard poultry flocks and spread to
commercial flocks (Wang et al.,, 2013). Backyard flocks are typically exposed to
transmissible infectious diseases such as avian influenza (Al) (Pohjola et al., 2015), and can
contribute to disease transmission to commercial poultry and zoonosis. While APEC
transmission differs from that of avian influenza and Newcastle viruses, we believe that
interaction between farmed birds and other avian species, particularly village backyard

flocks, increases the likelihood of APEC transmission in chickens.

Summary
Based on the information above, we postulated that the occurrence of APEC in Southern

Africa is a product of interplay of factors as shown in Figure 1.
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Figure 1. Potential risk factors for transmission of avian pathogenic Escherichia coli in

chickens

Conclusion



Anthropogenic factors, poultry housing conditions, access to contaminated water and feed,
exposure of poultry to viral or other pathogens, and proximity of poultry farms to other
poultry farms or other animals, are some of the potential risk factors for the transmission of
avian pathogenic E. coli. Among the risk factors, improving the housing conditions and
hygiene is seen as the main preventive measure against the transmission of APEC during
poultry production. Given that certain bacterial strains have been demonstrated to be
transmitted to people through the food chain, it is therefore of significant concern that APEC

IS recognized as a hazard to food safety.

Recommendations

The occurrence of colibacillosis in chicken is a major cause for concern for food security and
safety. The study recommends that control and prevention of APEC should be prioritized.
Farmers should be made aware of potential risk factors that enhance APEC transmission in
chickens. In order to gain a better knowledge of the potential risk factors, scientific data
should be acquired through experiments or additional research in an African setting.
Heritage-based solutions should be developed to minimize the spread of APEC in southern

African chicken flocks.
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