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The present study was conducted to determine egg production and weight in layers experimentally 
infected with Salmonella gallinarum. Twenty layers were used for the research. The layers were 
purchased at the age of 18 weeks from certified commercial poultry farm in Kujama Farm, Kaduna 
State, Nigeria and housed in the Animal Research Unit of the Veterinary Teaching Hospital, Faculty of 
Veterinary Medicine, Ahmadu Bello University, Zaria, Kaduna State, Nigeria. The birds were examined to 
certify that they were disease free by collecting samples from the cloacal. The birds were assigned to 
two groups (infected and control) of ten layers each. The infected group was challenged with 
Salmonella gallinarum orally at the dose of 0.5 ml of 9 × 10

8 
CFU/ml. All the birds in the control group 

were orally given 0.5 ml of normal saline. After the infection, all the infected layers were closely 
observed for clinical signs of fowl typhoid. Percentage of egg production and body weight were 
measured from each group at days zero (Day 0), 2, 4, 7, 14, 21, 28, 35 and 42,

 
post-infection (pi). By day 

seven post infection, all birds in the infected group showed clinical signs typical of fowl typhoid, 
namely, ruffled feathers, weakness, somnolence, greenish-yellow diarrhea, huddling together, decrease 
in feed and water consumption, and five of the layers died. There were, however, significant drop in egg 
production and loss of body weight in the S. gallinarum infected group. 
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INTRODUCTION 
 
Salmonella species belong to the Family, 
Enterobacteriaceae. They are Gram negative,  non-spore 

forming rods (Popoff et al., 2003). Fowl typhoid caused 
by Salmonella enterica serovar gallinarum  in  birds,  is  a  
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severe systemic disease that affect both young and adult 
birds with macroscopic and microscopic lesions leading 
to massive economic losses due to high morbidity and 
mortality (Parmer and Davies, 2007). 

Fowl typhoid (FT) has been discovered in many African  
countries which include Tanzania, Uganda (Okoj, 1993), 
Senegal (Arbelot et al., 1997), Nigeria (Sa’idu et al., 
1994) and Morocco (Bouzoubaa et al., 1987). FT is a 
septicaemic infection affecting chicken and turkey mostly, 
but some natural infections in many other avian species 
has been studied (Wray et al., 1996; Shivaprasad, 1997). 
The outbreak of FT in young chicks may be due to 
vaccination against FT practiced by many farmers which 
result in vertical transmission of the infection (Jordan and 
Pattison, 1992; Roa, 2000). The control of FT through 
hygienic measures, together with some serological 
testing and slaughter of positive reactors, have resulted 
in the elimination of Salmonella gallinarum in many 
countries (Barrow, 1999). However, FT remains a leading 
disease of the poultry industry in many areas of the world 
(Okwori et al., 2013). Respiratory distress and depression 
is seen in acute FT and the clinical signs include 
greenish-yellow diarrhea, there may be enlargement and 
congestion of the liver, spleen and kidney. The liver may 
have pale multiple foci of 2 to 4 mm in diameter (Beyaz et 
al., 2010). In acute to subacute cases, there is multiple 
necrosis of the liver parenchyma with accumulation of 
fibrin and infiltration of heterophils mixed with a few 
lymphocytes and plasma cells can be seen in the liver 
(Kokosharov et al., 1997; Hossain et al., 2006). 

In sub-acute outbreaks, sporadic mortality over a long 
period is experienced while in chronic cases, especially in 
cases where there are large nodules in the heart, the liver 
will have congestion with interstitial fibrosis. The spleen 
may have severe congestion or fibrin deposits and 
severe hyperplasia (Chishti et al., 1985). The 
transmission of S. gallinarum can be through faecal 
droppings of infected birds, bird carcasses and laid eggs. 
The infection could be introduced by importation of live 
infected chickens and hatched eggs. Mechanical spread 
may be by humans, wild birds, mammals, flies, ticks, 
feedsacks, etc (Steigh and Duguid, 1989). 

Poultry production in Nigeria has witnessed a rapid 
growth to a well-established commercial enterprise. This 
increase in the production activity is greatly pronounced 
and has resulted in new challenges (Hassan et al., 2006). 
Poultry production is the most efficient and cost-effective 
way of increasing the availability of high-protein food, as 
eggs are known to provide the most perfectly balanced 
food containing all the essential amino acids, minerals 
and vitamins (FAO, 1987; Branckaert et al., 2000). 
Salmonellosis in poultry causes egg shell abnormalities 
including shell-less and infertile eggs with early 
embryonic mortality (Welish et al., 1997; Coufal et al., 
2003). This study evaluated the determination of egg 
production and weight in layers experimentally infected 
with  Salmonella   gallinarum   in   Zaria,   Kaduna   State,  
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Nigeria. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
This study was carried out in Zaria, Kaduna State, which is located 
within the Northern Guinea Savannah Zone of Nigeria, between 
latitude 7° and 11°N, and longitude 7° and 44°E; the average 
rainfall of this zone ranges from 1,000 to 1,250 mm, and the 
average temperature ranges from 17 to 33°C (Saʼidu et al., 1994). 
 
 

Experimental chickens 
 
Twenty eighteen-week-old hens were purchased from a commercial 
farm in Kuja, Kaduna State, Nigeria. These birds were vaccinated 
against other diseases but with the exception of fowl typhoid. On 
arrival, at the venue of the research, the birds were housed in the 
animal research unit of the Veterinary Teaching Hospital, Faculty of 
Veterinary Medicine, Ahmadu Bello University, Zaria, Kaduna State, 
Nigeria. The birds were kept for a period of four weeks to get used 
to the handling conditions they would be subjected to during the 
research. During this period, they were on layer mash (Hybrid®). 
 
 

Experimental design 
 
Allocation of chickens to experimental groups 
 
At 22 weeks old, the hens were randomly allocated to two groups 
(infected and control) of 10 layers each. The control group of 
chickens was then moved to the research pen of Department of 
Veterinary Pathology as a precautionary measure against 
transmission of the experimental fowl typhoid disease to the control 
group. At this point, both groups were fed commercial layer mash 
(Hybrid feeds®) until termination of the experiment. Water was 
provided to the layers ad libitum, throughout the experimental 
period that lasted for 42 days. 
 
 
Source of bacterial organism 
 
S. gallinarum was obtained from the Department of Veterinary 
Microbiology, Ahmadu Bello University, Zaria, Kaduna State, 
Nigeria.  
 
 
Bacteriological analysis 
 
Cloacal swabs were collected from both infected and control groups 
of layers and dipped into a buffered peptone water for recovery of 
the S. gallinarum and subcultures were then made from each broth 
onto MacConkey agar. The agar plates were incubated aerobically 
at 37°C for 24 h using methods described by Wigley et al. (2001) 
and Parmer and Davies (2007). 
 
 
Challenge bacteria 
 
The challenge bacteria were collected from the Department of 
Veterinary Microbiology, Ahmadu Bello University, Zaria, Kaduna 
State, Nigeria. The bacteria from the slant were re-plated on 
MacConkey agar (MCA). The subcultured plates were then 
examined for their characteristic features, such as color, 
morphology using  Gram’s  stain  (Gram  negative).  Some  colonies  
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Figure 1. The mean (±SEM) percentage weekly egg production of layers experimentally infected with 
Salmonella enterica serovar gallinarum, as compared to uninfected controls. 

 
 
 

were picked from the cultured plate and placed in sterile test tube 
with normal saline of 20 ml of 0.5% and turbidity equivalent to 9 x 
108 CFU/ML was obtained. Challenge of the layers was done orally 
using sterile syringes. The infected group was given a dose of 0.5 
ml of 9 × 108CFU/ML of the bacterium, but the control group were 
not infected with the organism, but received distilled water only. 
 
 

Clinical observation 
 

After challenge of the infected birds with the bacterial organism, the 
infected group was daily observed for typical signs of FT and 
findings were recorded. 
 
 

Determination of body weight and egg production 
 

Beginning from the day of infection (day 0) and throughout the 
experimental period, that lasted for 42 days, the live weights and 
egg production of the birds were recorded. 
 
 

Bacteriological isolation 
 
At necropsy, tissue samples of the liver, kidney, ovary and spleen 
were aseptically taken for isolation of S. gallinarum using standard 
laboratory methods (Wigley et al., 2001; Parmer and Davies, 2007). 
 
 

Statistical analysis 
 
Data obtained were expressed as ± SEM. Values were subjected to 
student T-test and values of P<0.05 were considered to be 
significant. 
 
 

RESULTS 
 
Clinical signs of fowl typhoid in the infected birds 
 
All  the  birds  in  the control  group  appeared  apparently  

healthy throughout the experiment. Following challenge 
with S. gallinarum, the birds appeared clinically normal 
until day 7 post challenge when the birds started passing 
greenish-yellow diarrhea, having depression and 
huddling, rough feathers, somnolence, reduction in feed 
and water consumption, decreased egg production and 
sudden death. 
 
 
Bacterial recovery from infected birds 
 
S. gallinarum organisms were isolated in some of the 
samples collected which include liver, kidney, spleen and 
ovary of the challenged birds. Biochemical test revealed 
indole negative, urea negative, catalase and citrate 
positive and it produces hydrogen sulphide (H2S) in triple 
sugar iron agar TSI. 
 
 
Effect of S. enterica serovar gallinarum infection on 
egg production and body weight in the layers 

 
Mean weekly percentage egg production 
 
The mean weekly percentage egg production in the S. 
enterica serovar gallinarum experimentally infected and 
control groups is presented in Figure 1. The mean weekly 
percentage egg production in the infected birds on week 
0 pi (87.12 ± 3.26%) was not significantly different 
(P>0.05) from that of the control group (84.13 ± 4.31%). 
But by week 1 pi, a significant decrease (P< 0.05) in 
mean weekly percentage egg production was observed in 
the infected group (31.03 ± 1.49%) when compared with 
that of the control (89.05 ± 3.26%) with the infected group 
reaching its lowest value on week 4 pi (20.11 ± 3.37%).  
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Table 1. Mean weekly percentage egg production in Salmonella 
gallinarum infected and control layers. 
 

Week Control Infected 

0 84.13 ± 4.31 87.12 ± 3.26 

1 79.05 ± 3.26
a
 31.03 ± 1.49

a
 

2 73.21 ± 2.29
b
 30.01 ± 2.31

b
 

3 77.5 ± 3.18
c
 27.13 ± 2.20

c
 

4 77.45 ± 4.36
d
 20.11 ± 3.37

d
 

5 80.30 ± 3.22
e
 34.03 ± 2.30

e
 

6 83.08 ± 2.29
f
 52.06  ± 3.20

f
 

 

Values with the same superscript alphabets are significantly different with 
p<0.05. 

 
 
 

 
 
Figure 2. The mean (±SEM) weekly body weight (g) of layers experimentally infected with 
Salmonella enterica serovar gallinarum, as compared to uninfected controls. 

 
 
 

Table 2. Mean weekly body weight (g) of Salmonella 
gallinarum infected and control layers. 
 

Week Control Infected 

0 1733 ± 6.00 1733 ± 5.14 

1 1756 ± 4.40
a
 1644 ± 1.90

a
 

2 1769 ± 6.51
b
 1603 ± 6.24

b
 

3 1784 ± 2.21
c
 1557 ± 5.90

c
 

4 1834 ± 4.71
d
 1511 ± 1.91

d
 

5 1877 ± 2.13
e
 1526 ± 3.00

e
 

6 1891 ± 3.90
f
 1543 ± 6.95

e
 

 

Values with the same superscript alphabets are significantly 
different with p<0.05. 

 
 
 
Thereafter, a gradual rise was observed in the infected 
group on week 5 pi (34.03 ± 2.30%) until the end of the 
experiment on week 6 pi (52.06 ± 3.20%) Table 1. 

Mean weekly body weight 
 

The mean body weights of the S. enterica serovar 
gallinarum experimentally infected and control groups are 
presented in Figure 2. The mean weekly body weight (g) 
of the infected birds on week 0 pi (1733 ± 5.14 g) and 
control (1733 ± 6.00 g) showed no significant difference 
(P>0.05). A significant decrease (P< 0.05) in mean 
weekly body weight was also observed on week 1 pi in 
the infected group (1644 ± 1.90 g) when compared with 
that of the control (1756 ± 4.40 g), with the infected group 
reaching its lowest value on week 4 (1511 ± 1.91g) post-
infection. Following this, a gradual rise from its week 4 
value was observed in the infected birds on week 5 pi 
(1526 ± 3.00g) till the termination of the experiment on 
week 6 pi (1543 ± 6.95 g) Table 2. 
 
 

DISCUSSION 
 
The clinical signs observed  in  the  S. gallinarum-infected  
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layers in this study, which included depression, ruffled 
feathers, huddling, loss of body weight, drop in egg 
production, somnolence and greenish-yellow diarrhoea 
were consistent with findings in previous reports 
(Shivaprasad, 2000; Freitas Neto et al., 2007; Ezema et 
al., 2009; Garcia et al., 2010). The 50% mortality in the 
layers recorded in this study was in the range (10 to 
100%) reported previously (Shivaprasad, 1996; Uzzau et 
al., 2000; Oliveira et al., 2005; Paiva et al., 2009) in 
chickens. A significant (P<0.05) progressive drop in egg 
production was observed in the infected layers from 1

th
 

week pi and reaching its maximum drop on the 4
th
 week 

pi. The significant drop in egg production in the S. 
gallinarum infected group recorded in this study was in 
the range of 50 to 70% reported previously by 
Shivaprasad (1997) and Ezema et al. (2009) in laying 
birds. The drop in egg production, which was recorded by 
week 4 pi showed that the disease progressed with 
increased severity. The drop in egg production observed 
in this study could be due to a number of factors. The 
factors known to cause drop in egg production in S. 
enterica serovar gallinarum-infected layers include 
decrease in feed and water consumption with consequent 
nutritional imbalances and possible impairment of renal 
and intestinal calcium absorption due to the infection-
induced lesions in these systems (Ezema et al., 2009). 
The loss of body weight observed in the S. enterica 
serovar gallinarum infected birds was similarly reported 
by Ezema et al. (2009) in commercial layers afflicted by 
fowl typhoid and may be due to decrease in feed 
consumption which was supported by results of 
measurement of their feed consumption and intestinal 
disturbances evidenced by diarrhoea, which could have 
interfered with nutrients absorption as had been reported 
by Shah et al. (2013) in S. enterica serovar gallinarum 
infected broiler chickens. 
 
 

CONCLUSION AND RECOMMENDATION 
 

This study has shown that experimental infection of 
layers with S. enterica serovar gallinarum can cause 
significant reduction in egg production and weight loss. 
Therefore, those keeping layers should adhere to strict 
biosecurity measures as means of prevention and control 
of fowl typhoid in poultry farms, as this disease could lead 
to decrease in egg production, weight loss and other 
eggshell abnormalities. 
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