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Abstract:
Salmonella enterica serovar Zega was first isolated in dead duckling in 1952 and in
dead chickns in 2016. Since then there has not been any documented effort to study
the pathogenicity of this bacterium in chickens. Three groups of six weeks old
cockerels were inoculated with the bacterium intraperitoneally (IP), intranasally (IN)
and orally (OR). The fourth group was the uninoculated control (CT).Clinical signs
were mainly somnolence, anorexia and droopy wings. There was no mortality. The
total morbidity was 32, 40 and 24 % in the IN, IP and OR groups respectively. The
gross lesions were mainly enlargement of the liver, spleen and kidney. There was
atrophy of the bursa and spleen in the IP chickens. There were degeneration, necrosis
and haemorrhages in the liver generally. The IP chickens showed depletion of the
lymphocytes in the bursa and spleen. The bacterium was re-isolated from the liver,
intestines, spleen and heart. The above observations showed that the organism could
be moderately pathogenic in young cockerels.
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1. Introduction
In developing countries especially in Africa, modern poultry farming is a major

source of livelihood and a source of animal protein supply in the urban settings [1].
Poultry occupies a prominent position in the provision of animal protein and this
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accounts for about 25% of local meat production in Nigeria [2]. [3] identified disease
prevalence as one of the major factors that caused low performance in poultry
production. Salmonella infection is a serious medical and veterinary problem
worldwide and causes great concern in the food industry [4]. The infection in poultry
is important both as a cause of clinical disease in poultry and as a source of food-
borne contamination in humans [5]. Host-adapted salmonellae (S. pullorum and S.
gallinarum) are responsible for severe systemic diseases that have become relatively rare
in countries with testing and eradication programmes [6] and [7]. These infections are
however common in developing countries [8,9,10] and have been reported in Nigeria
[11], [12], and [13], Tanzania [14], Uganda [15], Zambia [16], Libya [17] and Senegal
[18] among others.
The genus Salmonella is a typical member of the Family Enterobacteriaceae and

consists of gram-negative, non-spore forming bacilli. The bacteria in this genus
contain three different types of antigens: the agglutinating properties of the somatic
“O”, flagella “H” and capsular “Vi” antigens, which are used to differentiate among
more than 2500 serologically distinct types of Salmonella [19]. The genus consists of
only two species: Salmonella bongori and Salmonella enterica, with the latter being
divided into six sub species: I-entericae, II-salamae, III-arizonae, IV-diarizonae, V-
houtennae and VI-indica. Within Salmonella enterica subspecies I (Salmonella
enterica subspecies entericae), the most common ‘O’ antigen serogroups are A, B, C1,
C2, D and E. Strains within these sero-groups cause approximately 99% of
Salmonella infections in human and warm blooded animals [20].
The pathogenicity of Salmonella depends on the invasive properties and the ability

of the bacteria to survive and multiply within the cells, particularly macrophages [21].
The main site of multiplication of the bacterium is the digestive tract which may result
in widespread contamination of the environment due to bacteria excretion through
faeces [22].
Salmonella enterica serovar Zega was first isolated from dead ducklings in the

Belgian Congo (now Democratic Republic of Congo) in 1952 [23]. It was recently
isolated from cases of mortality among commercial layer chickens in south western
Nigeria [24]. The bacterium therefore appears to be a significant pathogen for
chickens. The aim of this project therefore was to study the susceptibility, clinical
signs and pathological changes associated with Salmonella enteric serovar Zega
infection in young chickens.

2. Materials and Methods

2.1. Experimental Chickens
A total of 100, five-week old Yarkon White cockerels obtained from the Poultry

Unit of National Veterinary Research Institute, Vom, were used for the experiment.
These birds were housed in deep litter system in a concrete pen and commercial
starter diet was provided for the chicks throughout the experiment. The chicks were
not vaccinated against any disease and were kept in isolation at the departmental
experimental poultry facility. Feed and water was provided ad-libitum. Brooding heat
was generated by kerosene stove and electric bulbs during the first four weeks of age.

2.2. Bacteriological Monitoring Before Challenge
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Before challenge, cloacal swabs were collected from the chickens on days 2 and 5
post arrival. This was done by pre-enrichment of the swab samples in buffered
peptone water, followed by plating on MacConkey agar (MCA) using standard
laboratory methods [25] and [26]. The chickens were found to be free from
Salmonella infection.

2.3. Bacterial Isolate used in the Study
Stock culture of Salmonella enterica serovar Zega originally isolated from

commercial layers in south western Nigeria, identified at the Department of
Veterinary and Biomedical Sciences, South Dakota State University, Brookings,
South Dakota, USA [24] and [27] and maintained at the Bacterial Research
Department, National Veterinary Research Institute, Vom, Nigeria was used in the
study.

2.4. Culture and Determination of the Titer of the Bacterial Inoculum
The lyophilized bacterium from the culture bank was reactivated by culturing in

peptone water, incubated overnight at 370C and sub-cultured on MacConkey agar
(MCA). The resulting colonies were examined for their colony characteristics (colour
and morphology) and tested for gram-reaction (Gram-negative). The bacterium was
passaged twice in chickens before the final culturing. Five colonies were scooped and
inoculated into 10 ml of phosphate buffered saline (PBS) and this was incubated for
24 hours at 37 °C after which a ten-fold dilution was carried out in test tubes. The
colony counts from the test tubes were determined. To obtain the number of
organisms that was inoculated into the birds, the number of organisms was multiplied
by volume by the dilution factor (CFU = No. of colony × Volume × Reciprocal of
Dilution factor) [28]. Salmonella zega inoculum (in PBS) containing 1 x 108 cfu/ml
was used for the experimental challenge

2.5. Experimental Challenge
The 100 chickens were randomly assigned to 4 groups of 25 birds per group at six

weeks of age. Each chicken in the three groups received 0.5 ml of PBS containing 1
X 108cfu/ml of Salmonella enterica serovar Zega as follows:
Group A chickens were each inoculated with Salmonella zega suspension intra-

nasally. This was achieved by dropping 0.25ml of the inoculum into each nostril (IN).
Group B chickens were each inoculated with 0.5 ml of the Salmonella zega

suspension intra-peritonealy (IP).
Group C chickens were each inoculated with 0.5 ml of the Salmonella zega

suspension orally (OR).
Group D was the uninoculated control (CT).

2.6. Examinations for Clinical Signs and Lesions
The birds were observed twice daily for clinical signs from days 0 to 21 post

challenge (PC). On days 3, 5, 7, 10 and 13 PC, three birds from each group were
euthanised and necropsied. Gross lesions were noted. Samples of the liver, spleen,
heart, intestine and bursa of Fabricius were fixed in 10 % formal saline, dehydrated in
ascending grades of ethanol, cleared in xylene and embedded in paraffin wax.
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Sections were cut, stained with haematoxylin and eosin (H&E) and studied under the
light microscope.

2.7. Bacterial re- isolation
Samples of the liver, spleen, heart and intestine from each group were aseptically

collected. They were subsequently inoculated on MacConkey agar for Salmonella
isolation and identification using standard laboratory methods [25] and [26].

3. Results and Discussion

3.1. Results

3.1.1. Clinical signs
The onset of clinical signs in the infected birds was rapid and varied depending on

the route of administration. On day 1 PC (18hrs), two chickens (8%) from the IP
group showed somnolence, loss of appetite, hurdling together and ruffled feathers. By
day 2 PC, a total of four chickens (16%) in this group had these signs which had
progressed to include droopy wings. Also on day 2 PC, one chicken (4%) in the IN
group showed signs of somnolence and ruffled feathers. These same signs were
observed in four chickens in the OR group on day 3 PC. Unilateral ocular discharge
was further observed in two of these birds. On day 4 PC, the conjunctiva was
congested in one chicken in the OR group, while three birds showed the same sign in
the IP group. On day 5 PC, three chickens in the IP group showed conjunctivitis.
Misshapen/dry and pale comb was observed in four birds on day 7 PC in the IP group.
From day 11 PC, no signs were seen in all the groups. Generally, 32%, 40% and 24%
of the infected chickens showed clinical signs in the IN, IP, and OR routes
respectively without any mortality. No clinical sign was observed in the CT group.

3.1.2. Lesions
The gross lesion distribution and persistence in all the infected groups is recorded in

Table 1. Congestion was the primary observation on day 3 PC. The liver, kidneys and
spleen were enlarged and congested at day 5 PC. Peritonitis was observed in all
infected groups on days 5, 7 and 10 PC. Atrophy of the bursa of Fabricius and spleen
was observed in the IP birds on days 5 to 13 PC (Figure 1, Figure 2).
Sections of the liver in birds in the IP, IN and OR groups showed congestion,

degeneration, necrosis and mononuclear cellular infiltration on days 3 to 5 PC. In the
spleen, mild depletion of lymphocytes was observed at days 5, 7, and 10 PC in all
infected groups. Kidney showed degeneration and necrosis of the tubular epithelium
in all the infected groups. Sections of the heart in all the infected groups from day 3
PC onwards showed necrosis of the myocardium with lymphocytic infiltration (Figure
3). In the bursa of Fabricius, there were necrosis and depletion of lymphocytes in the
IP and OR groups (Figure 4)). Erosion of the epithelial lining of the villi and
mononuclear cellular infiltration were observed in the intestines of all the infected
groups from day 3 PC. The CT chickens had no lesion.

3.1.3. Re-isolation of Salmonella Enterica Serovar Zega
Salmonella enterica serovar Zega was re-isolated from the organs (liver, spleen,

heart and intestines) on days 3, 5, 7 and 10 PC (Table 2).
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Table 1. Gross lesions distribution and persistence in infected chickens.

Post Mortem,
Days Intra-peritoneum (IP) Intra-Nasal (IN) Oral (OR)

DAY 3 Post
challenge

Congestion of Liver 2/3*
Intestinal congestion 2/3
Enlargement of kidney 1/3

Congestion of Liver 1/3
Intestinal congestion 2/3
Congestion of spleen 1/3

Intestinal
congestion 2/3

Day 5 PC

-Congested Breast Muscle 1/3
-Peritonitis 3/3

-Cloudy mesentery 2/3
-Enlarged Liver 2/3

-Haemorrhagic Liver 2/3
-Congested Liver 1/3

-Enlargement of the spleen 2/3
Intestinal congestion 2/3

-Atrophy of bursa of fabricious
3/3

-Peritonitis 1/3
-Enlargement of spleen

1/3
-Intestinal congestion 1/3

-darkening of the
peritoneum 2/3
Peritonitis 3/3

Day 7 PC

-Mild peritonitis 2/3
-Haemorrhagic Liver 1/3
-Atrophy of the Bursa of

Fabricious 3/3

-Mild peritonitis1/3
-Necrotic spleen1/3

-Congestion of Liver1/3

-Mild peritonitis
1/3

Day 10 PC
Day 13 PC

-no lesions seen
-no lesions seen

-mild peritonitis 2/3
-liver congestion 1/3
-no lesions seen

-mild peritonitis
1/3

-no lesions seen

* = no. with lesions

no. examined

Table 2. Salmonella enterica serovar Zega re-isolation in organs on days 3, 5, 7 and 10 PC.

Days PC Organs CT group IN group IP group OR group
Day 3 Liver Negative Positive Positive Positive
Day 3 Heart Negative Negative Positive Negative
Day 3 Spleen Negative Positive Positive Positive
Day 3 Intestine Negative Negative Positive Positive
Day 5 Liver Negative Positive Positive Positive
Day 5 Heart Negative Negative Positive Negative
Day 5 Spleen Negative Positive Positive Positive
Day 5 Intestine Negative Negative Positive Positive
Day 7 Liver Negative Positive Positive Positive
Day 7 Heart Negative Negative Positive Positive
Day 7 Spleen Negative Positive Positive Positive
Day 7 Intestine Negative Positive Positive Positive
Day 10 Liver Negative Positive Positive Positive
Day 10 Heart Negative Positive Positive Positive
Day 10 Spleen Negative Positive Positive Positive
Day 10 Intestine Negative Positive Positive Positive

Organs positive
post- infection (%) 0% 68.75% 100% 87.5%

CT-Control IN-Intranasal IP-Intraperitoneal OR-Oral

Figure 1. Moderate atrophy of the bursa in the IP chickens on day 10 PC.
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IP-Intraperitoneal route of inoculation

IN-Intranasal route

OP- Oral route

CT-Control

Figure 2. Moderate atrophy of the spleen in the IP chickens on day 13 PC.

IP- Intraperitoneal route of inoculation

IN- Intranasal route

OR- Oral route

CT- Control

Figure 3. Necrosis of the myocardium with infiltration of lymphocytes in IP chickens on
day.

5 PC. H & E x 400

Figure 4. Necrosis and depletion of lymphocytes in the bursa of IP chickens on day 3 PC.

H & E x 400

3.2. Discussion
The above observations show that Salmonella enterica serovar Zega can be

moderately pathogenic in young cockerels. To the best of our knowledge this is the
first attempt to study the pathogenicity of this organism in chickens. More work will
be required to determine the pathogenicity of the organism in other types of chickens,
the effect of age on the susceptibility and any possible public health dangers posed by
the organism. The clinical signs observed in this study have been described for
Salmonellosis by [8], [29] and [30]. The enlargement of the liver, spleen and kidney
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have also been observed by [13], [31] and [32] in Salmonella gallinarum and
Salmonella pullorum infections. But the atrophy of the bursa and spleen and the
depletion of the lymphocytes in the two organs observed in this study do not appear to
have been described for Salmonellosis. This is a very important observation because
of possible suppression of the immune response of the infected chickens. The
histopathological changes observed in liver have been reported in Salmonellosis by
[33], [34], [35] and [32]. The highest rate of bacterial re-isolation was from the
intestine and liver in this study. These results are in agreement with those of [36] and
[37]. [38] reported that caeca, caecal tonsil and caecal contents were the sites more
likely to offer maximum recovery of the Salmonella organisms. The table on gross
lesions distribution and persistence showed that the IP route produced more severe
lesions than the other routes even though it is not a natural route of infection.
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