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ABSTRACT 
 
The effects of Salmonella gallinarum infection on the haematology and oxidative stress (OS) 
in pullets were evaluated in this study. Fifty 7-week-old pullets were randomly assigned to 
two groups of 25 pullets per group. The infected pullets were inoculated orally with S. 
gallinarum (109 S. gallinarum colony forming units/mL), while uninfected pullets were the 
controls. Haematological and OS parameters were determined following standard protocols. 
There was a significant loss (p<0.05) of body weight. The packed cell volume (PCV), 
haemoglobin (Hb) concentration, red blood cell (RBC) count and mean corpuscular 
haemoglobin concentration (MCHC) were significantly lower (p<0.05). In contrast, the mean 
corpuscular volume (MCV) was significantly higher (p<0.05) in the infected pullets when 
compared to the controls. The total white blood cell (TWBC), absolute heterophil, lymphocyte, 
eosinophil and monocyte counts, of the infected pullets, were significantly higher than that of 
the controls. Serum malondialdehyde (MDA) level, glutathione peroxidase (GPx) and catalase 
(CAT) activities of the infected pullets were significantly higher (p<0.05) when compared to 
the uninfected controls. Absolute heterophil count correlated strongly, positively and 
significantly with MDA. An association was established between significantly elevated GPx and 
CAT, which have antioxidant properties, and survival/health improvement indices such as 
improved weight gain and self-recovery. It was concluded that S. gallinarum infection of 
pullets caused significant alterations in the haematology, induced OS, and stimulated the 
body’s antioxidant defence mechanism to elaborate GPx and CAT. This may suggest the use of 
antioxidants in the treatment of fowl typhoid. 
 
Keywords: Correlation coefficient, Fowl typhoid, Haematology, Oxidative stress markers, Pullets, 
Salmonella gallinarum 
 
INTRODUCTION 
 
Salmonella gallinarum (Enterobacterales: 
Enterobacteriaceae) is a Gram-negative bacterium 
that causes fowl typhoid (FT), an important disease 
of chickens, turkeys and other galliform species all 

over the world, especially in developing countries 
where increasing antimicrobial resistance in this 
strain has also become a problem (Mølbak et al., 
2002; Barbour et al., 2015; Parvej et al., 2016). 
Chickens are considered the main host for S. 
gallinarum, but variable susceptibility to FT occurs 
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amongst lineages (Oliveira et al., 2005). FT is a 
severe septicemic as well as systemic disease. It is 
a major cause of huge economic loss to the poultry 
industry around the globe every year in the form of 
production losses, mortalities, vaccination and 
other medication costs (Berchieri et al., 2001). 

The epidemiology of FT is quite complex 
with the route of contact of infection mainly 
horizontal, although vertical transmission occurs, 
reportedly associated with vaccination against FT in 
young chicks (Roa, 2000). Since over a century 
ago, when FT was first described, a lot of research 
has been carried out which availed information on 
its epidemiology, and the introduction of effective 
measures towards controlling FT in commercial 
poultry flocks (Barrow and de Freitas Neto, 2011; 
Shivaprasad et al., 2013). Even though FT has been 
eradicated in developed countries of the world, the 
poultry industries in Asia, Latin America, and Africa 
are still threatened by the disease (OIE, 2015; 
Zanetti et al., 2019). 

Considering the relationship between 
tissue lesions and metabolic alterations and the fact 
that S. gallinarum infections can cause lesions in a 
variety of organs (Berchieri et al., 2000; 
Shivaprasad 2000; de Freitas Neto et al., 2013), the 
use of laboratory analyses such as haematology, 
and evaluation of oxidative stress (OS) parameters 
may be fundamental to better understanding of the 
pathophysiology of this disease. There is, however, 
a scarcity of information in the available literature 
on the blood picture, especially OS markers of S. 
gallinarum-infected chickens, as less emphasis is 
placed on this aspect of the study, even as FT is a 
septicemic disease. This study evaluated the effects 
of S. gallinarum infection on the haematology and 
OS in pullets. 
 
MATERIALS AND METHODS 
 
Ethical Approval: The approval for this study was 
granted by the Institutional Animal Care and Use 
Committee (IACUC), Faculty of Veterinary 
Medicine, University of Nigeria, Nsukka, Nigeria 
(Approval Number: FVM-UNN-IACUC-0339). 
 
Flock History: Fifty-day-old chicks of a 
commercial line of brown egg layers, ISA brown, 
procured from CHI Hatchery, Ibadan, Nigeria, and 
raised on deep litter, were used for this study. 

Balanced commercial feed – Hybrid Feeds (Chick’s 
mash with 18% crude protein, 2550 Kcal/Kg 
metabolizable energy given from 0 – 4 weeks of 
age, and grower mash with 15% crude protein, 
2350 Kcal/Kg metabolizable energy given from 5 
weeks of age, manufactured by Hybrid Feeds 
Limited, Kaduna, Nigeria) and clean water were 
provided ad libitum. Adequate biosecurity 
measures were observed and the pullets were 
routinely vaccinated against infectious bursal 
disease (IBD) and Newcastle disease (ND) (LaSota) 
and were dewormed with Wormazine (Chickipedia, 
2019). 
 
Bacterial Inoculum: The S. gallinarum strain 
used in this study was isolated from a local 
outbreak of FT in Nsukka, South East, Nigeria. The 
organism in a stock culture was plated on 
MacConkey agar (MCA) and incubated at 37oC for 
24 hours. The grown colonies on MCA were 
suspended in nutrient broth and the methods 
described by Desmidt et al. (1997) and Beyaz et al. 
(2010) were adopted in the inoculum preparation. 
 
Pre-infection Screening: Before the experimental 
infection, cloacal swabs from randomly selected 
birds were inoculated into the nutrient broth, 
incubated at 37oC for 24h and plated onto MCA to 
rule out infection with Salmonella spp. (Berchieri et 
al., 2001; Lopes et al., 2016). 
 
Experimental Infection: At 7 weeks of age, the 
50 pullets were randomly assigned to two 
treatment groups, with each treatment replicated 
five times and each replicate having five birds (25 
pullets per group) in a completely randomised 
design (CRD). Each pullet in the challenged group 
was inoculated with 1 ml of S. gallinarum inoculum 
containing 1 x 109 colony-forming units (CFU/mL) 
by administration into the crop, while each pullet in 
the control group received 1 ml of phosphate-
buffered saline (PBS) placebo. 
 
Clinical Signs and Mortality: Following 
experimental infection, the chickens were observed 
twice daily for clinical signs. Five pullets were 
randomly selected from both the uninfected 
controls and infected groups and weighed on days 
0, 4, 7, 14, 21, 28 and 35 PI using a standard 
weighing balance (Avery, United Kingdom) and 
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body weight in kilogram recorded. The number of 
dead pullets was recorded daily and the overall 
percentage mortality was determined by dividing 
the total number of dead pullets by the total 
number of infected pullets and multiplying the 
result by 100. 
 
Blood Sample Collection: Approximately 3 ml of 
blood was aseptically drawn from each pullet 
randomly picked from each replicate (five pullets 
per group) on days 0, 7, 14, 21, 28 and 35 PI via 
jugular venipuncture and the pool blood sample per 
group was dispensed into two appropriately 
labelled sample bottles (one with Na-EDTA 
anticoagulant for haematology and the other 
devoid of anticoagulant for harvesting serum for OS 
markers assay). The time for blood sample 
collection was between 9:00 – 11:00 am each day. 
 
Haematological Examination: The microhematocrit 
method was employed for the determination of 
packed cell volume (PCV) (Thrall and Weiser, 
2002), while red blood cell (RBC) count and total 
white blood cell (TWBC) count were determined 
using the haemocytometer method (Campbell, 
1994). The assay of haemoglobin (Hb) 
concentration was done using the 
cyanomethaemoglobin method (Higgins et al., 
2008) and the Leishman technique was used for the 
determination of differential WBC counts (Thrall 
and Weiser, 2002). The absolute WBC counts, the 
mean corpuscular volume (MCV) and the mean 
corpuscular haemoglobin concentration (MCHC) 
were calculated using standard formulae (Thrall 
and Weiser, 2002). 
 
Determination of OS Parameters: The 
modified thiobarbituric acid test was performed to 
determine serum malondialdehyde (MDA) level 
using the ElabScience MDA assay kit (ElabScience 
Biotech Company Limited, South Africa) (Draper 
and Hadley, 1990). The serum glutathione 
peroxidase (GPx) activity was determined by the 
cumene hydroperoxidase method, using the 
Fortress diagnostic GPx test kit (Antrim, United 
Kingdom), and catalase (CAT) assay was 
performed by visible light method using 
ElabScience CAT assay kit (ElabScience Biotech 
Company Limited, South Africa) (Weydert and 
Cullen, 2010). The reading of MDA and CAT assays 

were done with a Diatek blood biochemistry 
analyzer (Wuxi Hiwell Diatek Instrument Company 
Limited, China) set at the MDA-ELS assay program 
mode, and CAT-ELS x 325 assay program mode 
respectively. GPx assay, on the other hand, was 
read using a CHEM5V3 clinical chemistry analyzer 
(Erba Diagnostics, Mannheim, Germany) set at an 
absorbance wavelength of 340 nm. 
 
Statistical Analyses: Data generated from the 
body weight measurement, haematology, and OS 
markers assays were analyzed using the 
independent t-test for equality of means on SPSS 
for Windows Version 23. The TWBC and absolute 
heterophil counts were correlated with OS 
parameters using Pearson correlation statistics. The 
level of significance for the independent t-test was 
accepted at p<0.05, while the actual p-value was 
used for the correlation statistics. 
 
RESULTS 
 
Clinical Manifestations and Mortality: Clinical 
signs such as depression, decreased feed and water 
intake, greenish-yellow diarrhoea, droopy wings, 
prostration, ruffled feathers, dehydration, significant 
weight loss (p<0.05) (Figure 1) and weakness were 
first observed on day 4 PI and persisted to day 14 
PI in the infected group with overall morbidity of 
18/25 (72.00%), whereas, the control group 
remained healthy for the duration of the 
experiment. First mortality was recorded on day 4 
PI and overall mortality was 9/25 (36.00%) in the 
infected group (Table 1). 
 

Figure 1: Mean body weight (Kg) of pullets 
infected with Salmonella gallinarum compared 
with the uninfected pullets 
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Table 1: Manifestation of clinical signs and mortality of pullets infected with Salmonella 
gallinarum 

Days 
PI 

Clinical signs Infected  
Morbidity (%) Mortality (%) 

4 Depression, decreased feed intake, ruffled feathers  10(40.00) 1(4.00) 
5 Depression, decreased feed intake, ruffled feathers 13(52.00) 1(4.00) 
6 Anorexia, ruffled feathers, droopy wings 18(72.00) 1(4.00) 
7 Anorexia, greenish-yellow diarrhoea, prostration 18(72.00) 2(8.00) 
8 Anorexia, greenish-yellow diarrhoea, prostration 14(56.00) 1(4.00) 
9 Anorexia, greenish-yellow diarrhoea, dehydration 12(48.00) 1(4.00) 
10 Greenish-yellow diarrhoea, dehydration, weakness 10(40.00) 1(4.00) 
11 Dehydration, weakness 8(32.00) 1(4.00) 
12 Dehydration 8(32.00) 0(0.00) 
13 Dehydration 6(24.00) 0(0.00) 
14 Dehydration 6(24.00) 0(0.00) 
Total  18(72.00) 9(36.00) 

 
Haematological Alterations: The mean PCV 
of the pullets infected with S. gallinarum was 
significantly lower (p<0.05) on days 7(22.55 ± 
0.32%), 14(23.13 ± 1.18%), 21(26.63 ± 
0.38%), 28(26.00 ± 0.35%) and 35(23.13 ± 
0.47%) PI compared to the uninfected pullets 
(Figure 2).  
 

 
Figure 2: Mean packed cell volume (%) of 
pullets infected with Salmonella gallinarum 
compared to the uninfected pullets 

The mean Hb concentration of the pullets was 
significantly lower (p<0.05) than that of the 
uninfected controls on days 7(7.05 ± 0.37 g/dL), 
14(7.10 ± 0.73 g/dL), 21(7.36 ± 0.43 g/dL), 
28(7.67 ± 0.13 g/dL) and 35(8.52 ± 0.18 g/dL) 
PI (Figure 3). Significantly lower (p<0.05) mean 
RBC count was recorded on days 7(2.25 ± 0.04 
x106/µL), 14(2.49 ± 0.24 x106/µL), 21(2.92 ± 
0.03 x106/µL), 28(2.87 ± 0.03 x106/µL) and 
35(2.44 ± 0.18 x106/µL) PI in the infected young 

pullets when compared to the uninfected control 
young pullets (Figure 4).  
 

 
Figure 3: Mean haemoglobin concentration 
(g/dL) of the pullets infected with Salmonella 
gallinarum compared to the uninfected controls  
 

Figure 4: Mean red blood cell count (106/µL) of 
the pullets infected with Salmonella gallinarum 
compared to the uninfected controls  
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The MCV of the pullets infected with S. 
gallinarum was significantly higher (p<0.05) than 
that of the uninfected controls on days 7(100.37 
± 0.69 fl) and 35(95.11 ± 2.41 fl) PI, but 
significantly lower (p<0.05) on days 21(91.10 ± 
0.52 fl) and 28(90.60 ± 1.18 fl) PI. The decline 
in MCV on day 14 PI in the infected young pullets 
compared to the controls was not statistically 
significant (p>0.05) (Figure 5).  
 

 
Figure 5: Mean corpuscular volume (fl) of the 
pullets infected with Salmonella gallinarum 
compared to the uninfected control young 
pullets  
 
The MCHC value of the infected pullets was 
significantly lower (p<0.05) than that of the 
uninfected controls on day 7(31.21 ± 1.21 g/dL) 
PI.  No significant differences (p>0.05) in MCHC 
value were recorded in the infected pullets 
compared to the uninfected controls on days 
14(30.79 ± 3.13 g/dL), 21(27.60 ± 1.22 g/dL), 
28(29.52 ± 0.47 g/dL) and 35(36.85 ± 0.14 
g/dL) PI (Figure 6).  
       

 
Figure 6: Mean corpuscular haemoglobin 
concentration (g/dL) of young pullets infected 
with Salmonella gallinarum compared to the 
uninfected controls  

The mean TWBC count was significantly higher 
(p<0.05) in the infected young pullets when 
compared to the uninfected controls on days 
7(115.25 ± 15.58 x103/µL), 14(121.88 ± 16.32 
x103/µL), 21(106.13 ± 11.47 x103/µL), 28(94.63 
± 3.75 x103/µL) and 35(76.75 ± 3.19 x103/µL) PI 
(Figure 7).  
 

 
Figure 7: Mean total white blood cell count 
(103/µL) of the pullets infected with Salmonella 
gallinarum compared to the uninfected controls  
 
The mean absolute heterophil count of young 
pullets infected with S. gallinarum was significantly 
higher (p<0.05) than that of the uninfected 
controls on days 7(81.14 ± 12.97 x103/µL), 
14(73.10 ± 17.42 x103/µL), 21(57.29 ± 9.55 
x103/µL), 28(32.32 ± 2.51 x103/µL) and 35(20.93 
± 1.50 x103/µL) PI (Figure 8).  
 

 
Figure 8: Mean absolute heterophil count 
(103/µL) of young pullets infected with 
Salmonella gallinarum compared to the 
uninfected controls  
 
The mean absolute lymphocyte count was 
significantly higher (p<0.05) in the infected 
young pullets than in the uninfected controls on 
days 14(37.97 ± 1.28 x103/µL), 21(34.74 ± 2.43 

5382 



Okafor et al.                                                                                                                            5379 

Animal Research International (2024) 21(1): 5378 – 5388 

x103/µL), 28(53.25 ± 2.64 x103/µL) and 35(39.78 
± 0.64 x103/µL) PI. There was no statistically 
significant difference (p>0.05) in the mean 
absolute lymphocyte count between the infected 
pullets and the uninfected controls on day 
7(19.43 ± 1.81 x103/µL) PI (Figure 9).  
 

 
Figure 9: Mean absolute lymphocyte count 
(103/µL) of the pullets infected with Salmonella 
gallinarum compared to the uninfected pullets  
 
The mean absolute eosinophil count of the 
pullets infected with S. gallinarum was 
significantly higher (p<0.05) than that of the 
uninfected pullets on days 7(5.88 ± 0.15 
x103/µL), 14(6.68 ± 1.14 x103/µL), 21(9.84 ± 
0.75 x103/µL), 28(5.40 ± 0.30 x103/µL) and 
35(8.40 ± 1.74 x103/µL) PI (Figure 10).  
 

 
Figure 10: Mean absolute eosinophil count 
(103/µL) of the pullets infected with Salmonella 
gallinarum compared to the uninfected pullets  
 
Similarly, the mean absolute monocyte count of 
the infected pullets was significantly higher 
(p<0.05) than that of the uninfected controls on 
days 7(8.56 ± 1.07 x103/µL), 14(4.13 ± 0.80 
x103/µL), 21(3.90 ± 0.57 x103/µL), 28(3.67 ± 

1.03 x103/µL) and 35(7.66 ± 0.31 x103/µL) PI 
(Figure 11). 
 

 
Figure 11: Mean absolute monocyte count 
(103/µL) of the pullets infected with Salmonella 
gallinarum compared to the uninfected controls  
 
Alterations in the Oxidative Stress Markers: 
The mean serum MDA level of the infected pullets 
was significantly higher (p<0.05) than that of the 
uninfected pullets on days 7(13.13 ± 1.35 
nmol/mL), 14(14.16 ± 1.64 nmol/mL), 21(9.29 ± 
0.94 nmol/mL), 28(7.74 ± 0.33 nmol/mL) and 
35(7.12 ± 0.12 nmol/mL) PI (Figure 12).  
 

 
Figure 12:  Mean serum MDA level (nmol/mL) of 
the pullets infected with Salmonella gallinarum 
compared to the uninfected pullets  
 
The mean serum GPx activity of the infected pullets 
was significantly higher (p<0.05) than that of the 
uninfected controls on days 7(646.67 ± 68.07 

IU/L), 14(405.25 ± 16.51 IU/L), 21(284.54 ± 35.55 
IU/L), 28(267.29 ± 24.39 IU/L), 35(241.43 ± 12.19 
IU/L) PI (Figure 13). In the same vein, the mean 
serum CAT activity of the infected pullets was 
significantly higher (p<0.05) than that of the 
uninfected controls on days 7(52.98 ± 4.42 IU/mL), 
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14(47.62 ± 2.04 IU/mL), 21(20.40 ± 3.20 IU/mL) 
28(19.50 ± 0.46 IU/mL) and 35(16.50 ± 0.89 
IU/mL) PI (Figure 14). 
 

 
Figure 13:  Mean serum GPx (IU/L) activity of 
the pullets infected with Salmonella gallinarum 
compared to the uninfected controls 
 

 
Figure 14:  Mean serum CAT (IU/mL) activity of 
young pullets infected with Salmonella 
gallinarum compared to the uninfected control 
young pullets 
 

Correlation between Absolute Heterophil 
Count and Oxidative Stress Markers: In the 
young pullets infected with S. gallinarum, the 
absolute heterophil count correlated very 
strongly, positively and significantly with MDA (r 
= 0.89; p = 0.01), GPx (r = 0.82; p = 0.01), and 
CAT (r = 0.84; p = 0.01) (Table 3). 
 

 
DISCUSSION 
 
The clinical signs including depression, 
weakness, loss of appetite, greenish-yellow 
diarrhoea, droopy wings, prostration, ruffled 
feathers, dehydration and significant weight loss 
(p<0.05) observed in the present study, agree 
with previous reports (Shivaprasad, 2000; Shah 
et al., 2013; Fotouh et al., 2014; Lopes et al., 
2016). The total mortality of 36.00% recorded in 
this study is relatively lower than the 40.00% 
reported in 5-day-old chicks by Lopes et al. 
(2016), but higher than 22.50% and 24.40% 
reported by Shah et al. (2013) and Fotouh et al. 
(2014) in 7-week-old and one-day-old broiler 
chickens, respectively, infected with S. 
gallinarum. Lahiri et al. (2010) reported that the 
difference in mortality rates may be due to 
differences in the strains, infective dose, 
pathogenicity and virulence of S. gallinarum used 
in the different studies, as well as breed and age 
of the chickens, coupled with host’s immune 
response. The findings of this study were in 
agreement with the findings of Lahiri et al. 
(2010).  
      The significantly lower (p<0.05) mean 
PCV, Hb concentration and RBC count in the 
infected pullets when compared to the uninfected 
controls in this study indicated that experimental 
FT infection results in anaemia.  

This finding is consistent with the reports 
of other researchers who observed acute 

Correlation of Total White Blood Cell 
Counts with Oxidative Stress Markers: In 
the young pullets infected with S. gallinarum 
the TWBC counts correlated very strongly, 
positively and significantly with MDA (r = 0.82; 
p = 0.01), GPx (r = 0.72; p = 0.01), and CAT 
(r = 0.74; p = 0.01) (Table 2).  
 
Table 2: Correlation of total white blood cell 
counts and oxidative stress markers of 
pullets infected with Salmonella gallinarum 
Parameter MDA 

(nmol/mL) 
GPX  

IU/L) 
CAT 

(IU/mL) 
TWBC 
counts 
(103/µl) 

r = 0.82 r = 0.72 r = 0.74 

Significance 
(2-tailed) 

P = 0.01 P = 0.01 P = 0.01 

Table 3: Correlation of absolute heterophil 
count and oxidative stress markers of 
pullets infected with Salmonella gallinarum 
Parameter MDA 

(nmol/mL) 
GPX 

(IU/L) 
CAT 

(IU/mL) 
Absolute 
heterophil 
count (103/µl) 

r = 
0.89 

r = 
0.82 

r = 
0.84 

Significance 
(2-tailed) 

P = 
0.01 

P = 
0.01 

P = 
0.01 
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anaemia in FT-infected chickens. Christensen et 
al. (1996) attributed the anaemia to RBC 
modification and subsequent destruction 
following cytopathic effects of S. gallinarum outer 
membrane proteins on RBCs. Feldmann et al. 
(2000) reported that anaemia can be caused by 
a deficiency in vitamin B12, needed for 
erythropoiesis, as a result of its intestinal 
malabsorption or poor liver storage following liver 
dysfunction. This study, however, observed a 
haemolytic anaemia following the destruction of 
the RBCs. The septicemic nature of FT may have 
led to the elaboration of substances which 
caused lyses of the RBCs. The significantly higher 
and lower (p<0.05) MCV and MCHC values 
respectively in the infected pullets compared to 
the controls suggest a responsive or regenerative 
(macrocytic hypochromic) anaemia, as the 
significant decrease (p<0.05) in the erythrocytic 
values may have elicited bone marrow response 
resulting in increased erythropoiesis and release 
of reticulocytes, which are the immature and 
larger sized RBCs, into blood circulation. This 
finding agrees with the report of Shah et al. 
(2013). Microcytosis, however, was reported 
between days 14 and 28 in this study which may 
be a result of iron depletion following severe 
haemolysis and agrees with the report of 
Mdegela et al. (2002). 
      The significantly higher (p<0.05) TWBC 
count in the infected pullets when compared to 
the controls in this study may be a reflection of 
tissue degeneration and acute inflammatory 
response, resulting in massive heterophilia, and 
the host’s immune response evoked by assaults 
of the invading organisms on the target organs 
resulting in lymphocytosis. These findings are 
consistent with the reports of Shah et al. (2013) 
and Fotouh et al. (2014) in experimental FT 
infection in young broiler chickens. Chitty (2018) 
reported that leukocytosis can occur following 
stress, infection, inflammation, tissue damage or 
neoplasia. The significant elevation (p<0.05) in 
the mean eosinophil count, as well as mean 
monocyte count on days 7, 14, 21, 28 and 35 PI, 
suggests a compensatory response to the 
corresponding massive heterophilia, heterophils 
being the first line of defence against bacterial 
infection, as they all originate from same cell line 

or precursor in the bone marrow (Thrall and 
Weiser, 2002).   
      The infection of pullets with S. 
gallinarum in this study induced OS, which has 
not been reported on FT-infected pullets, in 
available literature. The significant elevation 
(p<0.05) in serum MDA in the infected pullets 
compared to the uninfected controls in this study, 
suggests excessive production of reactive oxygen 
species (ROS) which causes lipid peroxidation 
with the unstable lipid peroxides decomposing to 
form MDA whose measurement, according to 
earlier reports, is widely used as an indicator of 
OS (Patterson and Leake, 1998; Şimşek et al., 
2006). The significantly higher (p<0.05) serum 
GPx activity in the infected pullets compared to 
the controls, suggests excessive production of 
hydrogen peroxide and organic peroxides 
(another ROS) by this bacterial infection which in 
turn increased the production of the antioxidant, 
GPx. The destruction of hydrogen and organic 
peroxides is facilitated by GPx, an enzyme with 
an essential antioxidant function elaborated by 
the antioxidant defence mechanism of the host 
(Kidd, 1997; Ivanov et al., 2017). Similarly, the 
significantly higher (p<0.05) serum CAT activity 
in the infected pullets than that of the uninfected 
controls in this study may be linked to the serum 
CAT generation above other antioxidants e.g. 
hydrogen peroxides. CAT, another enzyme with 
antioxidant function, is involved in the catalysis 
of hydrogen peroxide to oxygen and water 
(Gonzales et al., 1984; Ivanov et al., 2017). 
      The very strong, positive and highly 
significant correlation between absolute 
heterophil count and MDA in this study is quite 
expected as massive heterophilia would induce 
OS. This suggests that OS may play a significant 
role in the pathology of FT-infected chickens. In 
the same vein, the strong to a very strong, 
positive and highly significant relationship 
between serum GPx and CAT activities, and 
absolute heterophil count (Bizoń et al., 2023), 
suggests that the massive heterophilia elicited OS 
and by extension, the production of the 
antioxidants by the antioxidant defence 
mechanism of the host, hence, improving weight 
gain and survival rate even without medication in 
an acute disease like FT.  
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Conclusion: Infection of pullets with S. 
gallinarum significantly altered the PCV, Hb 
concentration, RBC count, TWBC count, absolute 
heterophil, lymphocyte, eosinophil and monocyte 
counts, MCV, MCHC, MDA level as well as serum 
activities of GPx, and CAT. The significant 
elevation in the serum MDA level suggests that 
S. gallinarum infection of pullets induced OS. An 
association was established between significantly 
elevated GPx and CAT, which have antioxidant 
properties, and survival/health improvement 
indices such as improved weight gain and self-
recovery. Hence, the inclusion of hematinics to 
facilitate erythropoiesis, as well as early 
antioxidant administration could ameliorate the 
pathology and by extension, the mortality of FT-
infected pullets and is highly recommended, 
creating an alternative mode of therapeutic 
intervention as incessant vaccine failures and 
antimicrobial resistance have become a major 
constraint in the poultry industry. 
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