The role of feeds in the transmission of chicken pathogens in Dodoma Urban
District, Tanzania

Rosemary Peter Mramba

1

Department of Biology, The University of Dodoma, Dodoma, Tanzania

ABSTRACT Chicken production is an important
economic activity in Tanzania. Indigenous chickens are
kept in rural areas, while exotic breeds are kept in
urban areas. Due to their high productivity, exotic
breeds are becoming important sources of protein in
fast-growing cities. Dodoma is one of the cities growing
very fast in Tanzania. As a result, production of layers
and broilers has increased dramatically. However, dis-
eases remain the major challenge to chicken production
despite the efforts of livestock officers to educate people
on good management practices. This has made farmers
think that feeds may be the source of pathogens. The
study’s objectives were thus to identify the major dis-
eases affecting broiler and layer chickens in the
Dodoma urban district, as well as the potential role of
feeds in pathogen transmission to chickens. A house-
hold survey was conducted to identify common diseases
affecting chickens in the study area. Thereafter, locally
prepared feed samples were collected from twenty
shops available in the district to determine the presence

of Salmonella and Eimeria parasites. The presence of
Eimeria parasites in the feeds was determined by rais-
ing day-old chicks in a sterile environment for 3 wk
while feeding them the feed samples collected. Fecal
samples from the chicks were analyzed for the presence
of Eimeria parasites. Salmonella contamination of the
feed samples was determined in the laboratory through
the culture method. The study found that coccidiosis,
Newcastle disease, fowl typhoid, infectious bursal dis-
ease, and colibacillosis are the main diseases affecting
chickens in the district. After 3 wk of rearing, 3 out of
15 chicks developed coccidiosis. In addition, about
31.1% of the feed samples showed the presence of Sal-
monella spp. The prevalence of Salmonella was highest
in limestone (53.3%), followed by fishmeal (26.7%),
and maize bran (13.3%). It has been concluded that
feeds are potential carriers of pathogens. To reduce eco-
nomic losses and the continuous use of drugs in chicken
production, health authorities should assess the micro-
bial quality of poultry feeds.

Key words: chicken, disease, Fimeria spp., feed, Salmonella spp

INTRODUCTION

Chicken production in Tanzania plays an important
role in human nutrition, income generation, and improv-
ing the livelihoods of people (Andrew et al., 2019;
Ngongolo et al., 2021). Tanzania has about 38.2 million
local and 36.6 million exotic breeds of chicken
(Magonka et al., 2016). Local chicken breeds are kept by
farmers in rural areas, while improved and exotic breeds
are commonly kept in urban areas (Magonka et al.,
2016; Saleque et al., 2016). However, the level of pro-
tein-energy undernutrition and poverty is still high,
especially in rural areas, calling for an increase in chicken
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production (Pius et al., 2021). In addition, climatic
changes are expected to affect the production of large
herbivores like cattle because pasture and forage produc-
tion depend on climate (Henry et al., 2018; Godde et al.,
2021). As a result, chickens, particularly the indigenous
breeds, are regarded as the best alternative livestock
because they are easy to manage by everyone in the
household and  produce  high-quality  protein
(Charles et al., 2013; Desta, 2021; Pius et al., 2021).
Improvements in chicken production, including the
introduction of new strains, have been observed in many
regions of Tanzania (Andrew et al., 2019; Maunde et al.,
2021). However, these efforts are hindered by many fac-
tors, including chicken diseases (Ngongolo and
Chota, 2021, 2022; Wilson et al., 2022).

The poultry sector in Tanzania is characterized by a
high prevalence of diseases affecting small-scale pro-
ducers, particularly Newcastle disease, salmonellosis,
and coccidiosis (Chota et al., 2021; Ngongolo and
Chota, 2022). This situation is exacerbated by low-
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quality vaccines, an unreliable cold chain supply of vac-
cines, as well as poor housing and sanitation conditions
(Minga et al., 2001; Sambo et al., 2015; Saidi et al.,
2020). Numerous initiatives, such as community educa-
tion and vaccination, have been implemented to reduce
the impact of diseases (Msoffe et al., 2010; Mbyuzi et al.,
2012; Lindahl et al., 2019; Kalloka et al., 2021). Despite
these efforts, the prevalence of chicken diseases remains
high in the country (Sindiyo and Missanga, 2017,
Chota et al., 2021; Ngongolo and Chota, 2021). As a
result, chicken keepers now view some feed ingredients,
like fishmeal, as potential sources of contamination.

Animal feeds may become contaminated with patho-
gens during harvesting, transportation, processing, and
storage (Fedorka-Cray et al., 1997; Maciorowski et al.,
2006). Disease pathogens have been isolated in commer-
cial chicken feeds around the world (Jones and Richard-
son, 2004; Mdemu et al., 2016, 2017; Munoz et al., 2021;
Ngai et al., 2021). The most common bacterial patho-
gens found in animal feeds are Salmonella species
(Jones and Richardson, 2004; Mdemu et al., 2016;
Munoz et al., 2021; Ngai et al., 2021) and FEscherichia
coli (Munoz et al., 2021; Ngai et al., 2021). However,
there is little information on the presence of protozoan
pathogens in animal feeds, such as Fimeria spp., most
likely due to the difficulty of growing protozoa in culture
medium (Visvesvara and Garcia, 2002). Feeds are for-
mulated to meet nutritional requirements for chickens
by using material from plants, animals, and mineral and
vitamin sources. These ingredients may have different
levels of contamination from pathogens due to the
source, preparation, and storage methods. For example,
fishmeal is regarded as the most contaminated feed com-
ponent due to its high nutrient and spoilage rates
(Skowron et al., 2014; Han et al., 2019). However, other
components, such as maize bran and grains, are dried in
open spaces where roaming animals such as dogs, chick-
ens, and goats pass and drop feces.

Chicken production is a significant economic activity
in the Dodoma region (Ngongolo and Chota, 2021;
Ngongolo et al., 2021). While exotic breeds of chicken
are frequently kept in urban areas, local breeds are typi-
cally kept in rural areas (Ngongolo and Chota, 2021).
Recent population growth in the region due to the shift-
ing of government headquarters from Dar es Salaam to
the region has increased the need for more exotic breeds
with higher productivity (Jackson, 2020). Exotic breeds
are, however, more susceptible to diseases and parasites
than local breeds (Msoffe et al., 2002; Ajayi, 2010;
Mpenda et al., 2019; Manyelo et al., 2020). As a result,
effective disease control is critical for the region’s expan-
sion of exotic breed chicken production. On the other
hand, effective control measures for infectious disease
require identification of the possible sources of the dis-
ease causing-agent. As a result, the purpose of this
research was to determine the role of locally prepared
chicken feeds in the transmission of Salmonella and
Eimeria pathogens in chickens. These are among the dis-
eases that cause great losses of chicken in the Dodoma
region (Ngongolo and Chota, 2022). The majority of

small-scale chicken keepers cannot afford commercial
feeds made in sterile conditions due to their high prices
(Mbwambo et al., 2016; Wilson et al., 2021). Instead,
they rely on locally produced feeds, which are likely
made in an unhygienic setting and may be contaminated
with various pathogens. This jeopardizes the overall
effectiveness of the control of pathogens, and thus dis-
eases continue to increase in the region.

MATERIALS AND METHODS
Study Area

The study was conducted in the Dodoma Urban Dis-
trict in the Dodoma region. Dodoma is a semi-arid
region with erratic and seasonal rains. The Dodoma
urban district is part of Dodoma City, which has a popu-
lation of 410,956 people, according to the 2012 census
(Tanzania URT, 2013). The climate is characterized by
a long dry season and erratic rains that fall in a single
rainy season between November and April, with a mean
annual rainfall of about 550 mm (Godfray and
Tembo, 2022). The average maximum and minimum
temperatures are 31°C and 18°C, respectively
(Shemsanga et al., 2017). Livestock production and
farming are the major economic activities of the local
people of the Dodoma region (Bundala et al., 2020).
Dodoma is one of the regions with the highest density of
chickens in Tanzania, including both indigenous and
exotic  breeds  (Ngongolo and  Chota, 2021;
Ngongolo et al., 2021). Although indigenous breeds of
chicken are more preferred by consumers than exotic
breeds, their productivity is very low (Padhi, 2016;
Wilson et al., 2022). Thus, the indigenous breeds cannot
meet the demand for protein in big cities, necessitating
an increase in the production of exotic breeds in urban
areas.

Data Collection and Laboratory Analysis

Household Survey. A household survey was con-
ducted in March 2022 to identify the common diseases
affecting chickens (broilers and layers) in Dodoma
Urban District. Four wards, namely Chang’ombe,
Kikuyu Kaskazini, Kikuyu Kusini, and Nzuguni, were
selected randomly for this study. The number of house-
holds in each ward that keep broilers and chickens was
determined with the assistance of local leaders. A sample
of 92 households was drawn from the 119 households
that keep broilers and layers in the district. Sample
determination was based on the Yamane’s formula
which is given as: n = H—TN(e2) where n is the sample size,
N is the study population, and e is the sample error
(Naing, 2003). A sample error of 5% was used in this
study.

Structured interviews were conducted to collect infor-
mation from randomly selected households in each
ward. The information gathered covered chicken breed,
rearing methods, diseases that affect the chickens, and
their views on feeds as a source of chicken pathogens.
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Clinical observation of sick chickens in each household
was done, and the possible cause of the diseases was
determined based on clinical signs. The survey followed
strict confidentiality guidelines and required partici-
pants to provide informed consent.

Determination of Fimeria Pathogens in
Chicken Feed. Locally prepared feeds are sold in small
shops where different components are sold separately. A
total of 20 feed shops were identified in the district. Feed
samples were bought from all the shops, making 20 sam-
ples of each feed component (maize bran, fish meal, and
lime). The sample collection was done in April and May
2022. The feed samples were put in sterile ziplock bags
and sent to the Tanzania Veterinary Laboratory Agency
(TVLA) in Dodoma. Observation of oocysts under a
microscope is difficult because contamination can be low
and thus missed. To overcome this challenge, the feed
ingredients from all shops were mixed and used to raise
day-old Kuroiler chicks for 3 wk in a sterile laboratory
environment at TVLA. Kuroiler is an improved dual-
purpose breed of chicken reared for both meat and egg
production. The feed components were formulated to
meet the nutritional requirements for chicks. All equip-
ment was disinfected, and drinking water was boiled to
control other sources of infection. The chicks were raised
in separate compartments in the laboratory. The chicks
were observed closely for any signs of disease. The
chick’s feces were sampled twice a week, and the pres-
ence of Eimeria oocysts was determined using the fecal
flotation test.

Isolation of Salmonella From the Feed Samples.
Samples of maize bran, fishmeal, and limestone were
sent to the laboratory at the College of Natural and
Mathematical Sciences at the University of Dodoma for
determination of the presence of Salmonella sp. About
25 g of each feed component was pre-enriched in 225 mL
of buffered peptone water (Himedia, Mumbai, India)
and incubated at 37°C for 24 h. Thereafter, 0.1 mL of
the pre-enrichment culture was added to 10 mL of Rap-
paport-Vassiliadis broth (Himedia, Mumbai, India) and
incubated at 41.5°C for 24 h. Xylose-Lysine-Deoxycho-
late Agar (XLD-Agar, Scharlau Chemie S.A., Barce-
lona Spain) was used as a selective and differential
culture medium. Loopful inoculums of each sample were
streaked into petri dishes containing the prepared
medium and incubated for 24 h at 37°C to obtain single
types of colonies. The colonies were identified as Salmo-
nella species based on the colony appearance, Gram
stain, and triple-sugar-iron reaction. The microbial culti-
vation produced data on the presence or absence of Sal-
monella growth as well as the number of Salmonella
colonies. Ethical clearance for undertaking this study
with reference number MA.84/261/02 was granted by
the University of Dodoma.

Statistical Analysis

The frequency of diseases identified by the farmers
and through observation of sick chickens during the

household survey was determined. The Pearson’s chi-
square (x?) test at a significance level of 5% was used to
determine the association between the frequency of the
disease and chicken breeds (layers and broilers). Pear-
son’s chi-square is used to test associations between cate-
gorical variables when observations of all groups that are
compared are not less than 5 (McHugh, 2013). Further-
more, the prevalence of Salmonella contamination in the
feed samples was calculated as a percentage of the posi-
tive samples. Then, a chi-square test was used to deter-
mine the relationship between the prevalence of
Salmonella contamination among different feed compo-
nents. A zero-inflated Poisson regression was used to
compare the number of Salmonella colonies between the
samples of the feed components. The prevalence of
Eimeria contamination in the feeds was calculated as a
percentage of chicks that developed coccidiosis. The sta-
tistical analyses were done in R version 4.2.0, while fig-
ures were created in Excel.

RESULTS
Farmers Survey

A total of 92 farmers were visited, of whom 28 were
from Chang’ombe, 26 from Kikuyu Kaskazini, 24 from
Kikuyu Kusini, and 14 from Nzuguni. Out of the 92
farmers visited, 52 kept broilers and 40 kept layers. Sev-
enty-two farmers used the ground-housing system, while
twenty farmers used the cage-housing system. Fifteen
farmers (75%) who used a cage system thought feeds
might be a source of disease pathogens, while eleven
farmers (15%) who used a ground-housing system
blamed feeds as the source of disease pathogens. The
chicken diseases identified by the farmers were coccidio-
sis, Newcastle, Infectious Bursal Disease (IBD), fowl
typhoid, fowl pox, and colibacillosis. About 52% of the
farmers named coccidiosis as the most important
chicken disease, while 43% named Newcastle disease as
the most important chicken disease. Furthermore, 41%
of the farmers named coccidiosis as the second most
important disease, 34% named IBD as the second most
important disease, and 13% classified fowl typhoid as
the second most important disease. Further details of
the diseases identified by the farmers are shown in
Figure 1. The observation of clinical signs of sick chicken
among the farmers showed that coccidiosis, fowl
typhoid, IBD, and colibacillosis were the most common
diseases causing chicken sickness (Figure 2). Except for
colibacillosis, which was more important in layers than
broilers (x* (1, ¥ — 14) = 8.161, P = 0.004), all other dis-
eases were equally important in broilers and layers
(P> 0.05).

Prevalence of Coccidiosis in Chicks

The prevalence of coccidiosis was 20% (N = 15) after
the chicks were raised in a sterile environment for 3 wk.
One chick developed brownish diarrhea in the second
week, and 2 in the third week. A fecal flotation test
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Figure 1. Chicken diseases identified by farmers in the study area.

revealed that the sick chicks’ feces contained FEimeria
oocysts. Because the environment was sterile, it is likely
that the chick got the Fimeria oocysts from the feeds.

Prevalence of Salmonella Parasites in the
Feed Samples

The overall prevalence of Salmonella pathogens in the
feeds was 31.1%. The prevalence differed between the
feed components. The prevalence was 53.3% in lime-
stone, 26.7% in fishmeal, and 13.3% in maize bran
(Figure 3). The difference in Salmonella prevalence
between the feed components was statistically signifi-
cant (x> (2, v — 20) = 5.806, P = 0.024). The number of
Salmonella colonies had a significant positive association
with maize bran and limestone (Table 1). The mean
number of colonies in maize bran was 3.01 higher than
in fishmeal, and 2.18 higher in limestone than in
fishmeal.

DISCUSSION

According to the findings, feeds can be a source of
pathogens for chickens, such as Salmonella and Eimeria
species. Salmonella was most prevalent in limestone,
where more than half of the samples tested positive. Fur-
thermore, within the first 3 wk of life, 20% of chicks

35

reared in sterile conditions developed coccidiosis. Feeds
were most likely the source of the infection because the
environment was sterile. Unhygienic conditions for dry-
ing and storing the feeds may have contributed to feed
contamination.

Prevalence of Chicken Diseases in
Households

The study shows that diseases are one of the major
challenges of chicken production in Dodoma Urban Dis-
trict. These findings are consistent with previous
research in the region (Ngongolo and Chota, 2022) and
elsewhere in the country (Mbyuzi et al., 2012;
Swai et al., 2013; Sindiyo and Missanga, 2017). Coccidi-
osis infections, fowl typhoid, IBD, and colibacillosis were
the main diseases identified based on the clinical signs of
sick chickens. Coccidiosis and fowl typhoid are transmit-
ted from animal to animal through contact with infected
feces or ingestion of infected feeds, so unhygienic condi-
tions increase the prevalence. Furthermore, fowl typhoid
can be passed from hen to chick via eggs, making it more
difficult to control (Berhanu and Fulasa, 2020). IBD is a
highly contagious viral disease of young chickens
(Rukia et al., 2020). IBD can be effectively controlled
through vaccination (Rukia et al., 2020); thus, high
prevalence indicate a lack of or ineffective vaccination.
High prevalence of these diseases have been reported in
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Figure 2. Chicken diseases identified based on the observation of clinical signs of sick chickens (n = 79 chickens).



FEEDS AS A POTENTIAL CARRIER OF PATHOGENS )

Salmonella status ® Present ™ Absent

Percentage of samples
S (o)
(=) (=]

[
(=]

(=]

Limestone Fish meal Maize bran

Feed ingredients

Figure 3. The percent of samples of the 3 feed ingredients that had
Salmonella colonies.

other layer and broiler studies (Swai et al., 2013;
Shepelo and Maingi, 2014; Ngongolo and Chota, 2022).
Based on the farmer’s views, coccidiosis, Newcastle dis-
ease, IBD, and fowl typhoid were the main diseases
affecting chicken production. This finding is consistent
with the study by Ngongolo and Chota (2022) in the
region, although their study involved both exotic and
indigenous breeds of chicken. The Newcastle disease is
common in endogenous chickens that are kept in a free-
ranging system without vaccination or biosecurity meas-
ures (Yongolo et al, 2011; Simbizi et al., 2021;
Mngumi et al., 2022). The incidence is expected to be
low in broiler and layer production, where vaccination is
more practiced. However, because Newcastle disease is
most prevalent in indigenous chickens, many people
tend to relate any chicken sickness to Newcastle disease.

Prevalence of Coccidiosis in the Chicks

Coccidiosis is a dreadful parasitic disease that causes
great economic loss in the poultry industry (Blake et al.,
2020). It is caused by Fimeria species of the phylum Api-
complexa. Eimeria oocysts are the main cause of coccidi-
osis, which is contracted by consuming contaminated
food, water, and litter (Fatoba and Adeleke, 2018).
FEimeria oocysts have a thick wall that is resistant to

Table 1. Zero-inflated Poisson regression predicting the number
of colonies from fishmeal, maize bran, and limestone.

Count model coefficients (Poisson with log link)
Estimate ~ SE

Response variable  Predictors zvalue P value

Number of colonies  Intercept 1.296 0.272  4.767  <0.001
Limestone 0.784 0.299  2.619 0.008

Maize bran 1.102 0.345  3.192 0.001

Zero-inflation model coefficients (binomial with logit link)

Predictors Estimate SE zvalue  Pvalue
Intercept 2.156  0.591 2.852 0.014
Limestone —1.109 0.785 —1.963 0.015

Maize bran 1.896 0.622 1.931 0.035

Fishmeal is part of the intercept.

both mechanical and chemical damage, allowing them
to survive in the environment for a long time
(Fatoba and Adeleke, 2018). The oocysts require mois-
ture, oxygen, and warmth to sporulate (Makau et al.,
2017). As a result, the moist storage conditions of locally
prepared feeds, combined with the warm climate of trop-
ical countries, create a favorable environment for sporu-
lation. In this study, 3 out of 15 chicks developed
coccidiosis within 3 wk of life. This shows that the
chicken ingested infective oocysts from the feed. Young
chickens with immature immune systems are more vul-
nerable to Eimeria parasites (Abebe and Gugsa, 2018).
Despite the importance of coccidiosis in livestock pro-
duction, there have been few studies on the contamina-
tion of animal feeds with Eimeria parasites. A study by
Kiani et al. (2007) found a prevalence of 17% of Eimeria
oocysts in broiler feeds, indicating that feeds are poten-
tial sources of coccidiosis in chickens.

Prevalence of Salmonella Parasites in the
Feed Samples

The overall prevalence of Salmonella in the feeds was
33.11%, which is greater than the 29% reported by
Mdemu et al. (2016) in commercial chicken feeds in
Tanzania and the 28% in Kenya (Ngai et al., 2021), but
lower than the 71.43% reported in Bangladesh
(Chowdhury et al., 2011). Studies in Nigeria have
reported a varying degree of Salmonella contamination in
chicken feeds, for example, 38% (Matthew et al., 2017),
37.5% (Omololu and Bamidele, 2017), and in feeds of dif-
ferent age groups of chicken (Okoli et al., 2006). However,
the majority of these studies are based on commercial
feeds, so implementing feed mill biosecurity can prevent
contamination (Huss et al., 2018). This study is based on
locally prepared feeds that are directly collected from pro-
ducers in rural areas without any processing or biosecur-
ity measures. The feeds are sold in small shops with poor
facilities and storage conditions. Because the majority of
the small-scale chicken keepers depend on the locally pre-
pared feeds, regulations should be put in place to ensure
that biosecurity precautions will be followed.

A complete animal feed is made up of a variety of raw
materials to ensure the balance of the necessary
nutrients. The feed ingredient used may have a different
level of contamination depending on the source and pro-
duction methods (Furuta et al., 1980; Jones and
Richardson, 2004; Udhayavel et al., 2017). In this study,
the prevalence of Salmonella contamination was highest
in limestone at about 53%, followed by fish meal at
26.7%. Given that limestone is made from soil materials
found in quarries or underground mines, the higher prev-
alence is likely related to soil contamination. These areas
can be easily contaminated by different pathogenic
organisms from animal feces and waste water. Moreover,
there are no clear procedures for limestone processing,
particularly sterilization, before it is supplied for the for-
mulation of animals feeds. Elsewhere, fecal and soil con-
tamination have been linked to pathogen incidences in
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animal feeds (Wojdat et al., 2006), which support the
high prevalence of limestone contamination. A related
study by Jones and Richardson (2004) found high
levels of Salmonella contamination in cotton seed meal,
fish meal, and soybean meal. On the other hand,
Udhayavel et al. (2017) found high levels of contamina-
tion in fish meal, followed by bone meal, meat and bone
meal, and dry fish. Because of their high protein content,
animal sources of feed ingredients such as fish meal,
meat meal, and bone meal have been linked to
increased pathogen incidences (Furuta et al., 1980;
Udhayavel et al., 2017). However, the number of colo-
nies was higher in maize bran despite having fewer inci-
dences of contamination. Maize bran is normally dried
in open space, where it is more likely to be visited by
roaming animals that deposit feces while feeding.

Since it is difficult to eliminate pathogens present in
raw feeds once they are contaminated (Huss et al., 2018),
precautions should be taken to prevent disease develop-
ment in animals. Feed additives have been implemented
in different countries to control Salmonella and Eimeria
parasites (Van Immerseel et al., 2002; Meunier et al.,
2016; Leiva et al., 2019). However, the implementation
may be difficult for locally produced feeds as there are no
measures for controlling the quality of the feeds. In addi-
tion, continuous use of antibiotics and other drugs to
treat chicken diseases has impacts on human health
(Mund et al., 2017; Ulomi et al., 2022). Thus, implemen-
tation of sanitary measures will reduce the occurrence of
diseases and the use of drugs in chicken production.

CONCLUSIONS

The study found that poultry feed harbors Salmonella
and Eimeria parasites. The level of contamination dif-
fers between feed ingredients, with a high prevalence in
limestone followed by fishmeal. Contaminated feeds
increase disease incidences, resulting in economic losses
and a public health risk due to the continued use of
drugs to treat sick chickens. Thus, authorities should
assess the microbial quality of poultry feeds to ensure
feed safety. Further studies on the mechanisms of feed
contamination and control measures are recommended.
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