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Introduction 
 

Poultry meat and eggs are a leading source of 

animal protein for human consumption in 

many countries. Owing to the implementation 

of greater numbers of monitoring and testing 

programmes in the poultry industry, isolation 

of Salmonella is reported more often from 

poultry and poultry products than any other 

animal source (Gast, 2003). Among the 

different diseases occurring in poultry, 

incidence of diseases caused by the genus 

Salmonella are the most common, causing 

serious losses to the poultry industry in terms 

of mortality, reduced growth and loss of egg 

production. The diseases caused by 

Salmonella have got zoonotic importance (Lax 

et al., 1995). Poultry flocks are reservoirs of 

Salmonella enteritidis, whose incidence in the 

human population has increased considerably 

since the beginning of the 1990 (Lahuerta et 

al., 2011). The Salmonella enteritidis was 

prevalent in the R.S. Pura region which was 

isolated from the poultry by us and hence this 

study was done. 

 

Materials and Methods  

 

In the present study a total of 72 -day old 

broiler chicks were randomly divided into four 

groups viz. group I, II, III and IV with 18 

birds in each group. Group I chicks were 
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served as control. Group II chicks were 

challenged orally with 2×10
8
 organisms of 

Salmonella enteritidis. Group III chicks were 

challenged orally with 2×10
8
 organisms of 

Salmonella enteritidis and vitamin C mixed in 

water @ 200 ppm. Group IV birds were 

administered vitamin C @ 200 ppm.  

 

Blood samples (3-4ml) were collected from 

six birds of each group at 7, 14 and 28 DPI 

(Day post infection). The blood for 

hematological studies was collected in vials 

containing ethylene diaminetetra-acetic acid 

(EDTA) @ 2mg/ml of blood as an 

anticoagulant. The haemoglobin concentration 

(Hb), Packed Cell Volume (PCV), Total 

erythrocyte count (TEC), Total leukocyte 

count (TLC) and differential leukocyte count 

(DLC) were done as per standard methods 

described by Schalm et al., (1975). 

 

Erythrocytic indices- Mean Corpuscular 

Volume (MCV), Mean Corpuscular 

Haemoglobin (MCH), Mean Corpuscular 

Haemoglobin Concentration (MCHC) were 

calculated as per the formulae described by 

Schalm et al., (1975). 

 

For biochemical studies, 3-4ml blood was 

collected separately from six birds of each 

group in dry clean and sterilized test tubes 

without the addition of anticoagulant at 

intervals 7, 14 and 28 DPI (Day Post 

Infection) and allowed to clot at room 

temperature. Serum was separated and 

preserved at -20˚C till analysed for estimation 

of various parameters such as total serum 

protein (Biuret method), albumin (BCG dye 

binding method), Aspartate aminotransferase 

(AST) and Alanine aminotransferase (ALT) 

(DNPH colorimetric method) using standard 

kits from Span Diagnostic Ltd. The globulins 

were calculated by subtracting the values of 

albumin from total serum proteins. The A: G 

ratio was calculated by dividing albumin 

values by globulin values. 

Results and Discussion 
 

The results of the haemato-biochemical study 

are presented in Table 1, 2 and 3. 

 

Estimation of Hb, PCV and TEC revealed that 

there was significant decrease in Hb, PCV and 

TEC in group II birds as compared to control 

group birds from 1
st
 week PI (Post Infection) 

up to the last observation. These results 

correspond with earlier findings in fowl 

typhoid (Buxton, 1960; Assoku and Penhale, 

1970; Rusov and Dukic, 1980; Kokosharov 

and Todorova, 1987; Mdgela et al., 2002) and 

in different Salmonella serotypes infections 

(Bierer et al., 1965; Sapre and Mehta, 1970). 

 

Galvin (1978) reported that birds suffering 

from infectious diseases seem to develop 

anaemia more easily than domestic animals. 

According to Assoku and Penhale (1970), 

decreased haematological values were due to 

effect of endotoxin of Salmonella which 

immunologically modify the erythrocytes and 

thereby causing them to be eliminated from 

the circulation rather than depression of the 

haemopoietic activity.  

 

The group III birds showed significant 

increase in haemoglobin as compared to group 

II birds at 4
th

 week PI in our study. The 

increase in the values of PCV and hemoglobin 

of birds could be attributed to the effect of 

Vitamin C in protecting the membrane 

integrity of the erythrocytes as earlier reported 

(Candan et al., 2002; Adenkola et al., 2010). 

Besides, Vitamin C has also been attributed to 

increase in haemoglobin concentration 

because of increased absorption of iron from 

the digestive tract (Harper et al., 1979). 

 

Erythrocytic indices (MCV, MCH, MCHC) 
 

Studies on the mean corpuscular volume 

revealed that there was significant increase in 

MCV values in the group II than control group 
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from 1
st
 week PI till the end of the study. 

MCV values of group I and group IV did not 

differ significantly throughout the entire study. 

The MCH values of infected groups did not 

differ from each other throughout the 

experimental study. Studies on the mean 

corpuscular haemoglobin concentration 

(MCHC) revealed no significant difference 

between group II and control birds. This 

indicates that the anemia encountered in this 

study was of macrocytic normochromic type. 

The results of present study correspond with 

Buxton (1960); Assoku et al., (1970); Allan 

and Duffs (1971); Smith et al., (1977) and 

Kokosharov and Todorova (1987) in 

Salmonella Gallinarum infection in chicken. 

According to Assoku et al., (1970) anaemia 

developed was due to extravascular 

destruction of erythrocytes. Allan and Duffs 

(1971) suggested the possible role of 

cytophilic antibodies in the destruction of 

altered erythrocytes. In present study also 

severe haemorrhages throughout the intestinal 

tract and other visceral organs was observed 

during gross pathological study. The group III 

birds did not show any significant change 

between group II birds in the value of MCV, 

MCH and MCHC in our study; Tuleun et al., 

(2011) also reported in Japanese quails. 

Similarly, Usman et al., (2008) observed no 

significant difference in RBC, Hb, PCV, 

MCV, MCHC and white blood cell count in 

Japanese quails. 

 

Total Leukocyte Count (TLC) 

 

Enumeration of total leukocyte counts 

revealed increase in the group II birds as 

compared with control. These findings are in 

accordance with the observations of Rao et al., 

(1952) in fowl typhoid, Sapre and Mehta 

(1970) in different Salmonella infections, 

Assoku and Penhale (1970); Rusov and Dukic 

(1980); Miyamoto et al., (1998) in chicken 

and turkey poults infected with Salmonella 

Enteritidis, Maxwell and Robertson (1998) in 

chickens infected with various types of 

Salmonella serotypes, Saini (1999) in chickens 

infected with Salmonella Enteritidis and 

Kokosharov (2002) in chicken infected with 

Salmonella Gallinarum. Leukocytosis is 

mainly encountered in acute and chronic 

inflammatory lesions and massive tissue 

necrosis (Coles, 1986). Leukocytosis has been 

attributed to bone marrow hyperplasia by 

Assoku and Penhale (1970). In present study 

also massive tissue necrosis occured as was 

observed during pathological study. The group 

III birds showed slight increase in the total 

leukocyte count when compared with group II 

birds in our study. This might be due to that 

ascorbic acid role in the synthesis of White 

Blood Cells especially phagocytes and 

heterophils which enhance immunity in broiler 

chickens (Null, 2001). 

 

A study on the differential leukocyte count 

revealed that leukocytosis in the group II 

chickens was due to increase in the number of 

heterophils. A reduction in the percentage of 

lymphocytes in the differential leukocyte 

count was observed. Heterophils and 

monocytes increased significantly in the group 

II. Similar haematological changes had been 

reported in birds infected with Salmonella 

typhimurium (Sapre and Mehta, 1970), with 

Salmonella Gallinarum (Allan and Duffus, 

1971), Salmonella Enteritidis (Miyamoto et 

al., 1998; Saini, 1999). The occurrence of 

leukocytosis has been attributed to bone 

marrow hyperplasia and extra medullary 

erythropoiesis in the spleen and liver (Assoku 

and Penhale, 1970). According to Maxwell 

and Robertson (1998), heterophils accounted 

for more than 80% increase in TLC in early 

stages of paratyphoid infection and played an 

important role in phagocytosis organisms in 

the absence of antibodies, organ invasion and 

subsequent pathogenesis. Heterophilia may be 

attributed to acute and chronic inflammatory 

diseases (Coles, 1986) and degenerative 

changes in the internal organs. 
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Table.1 Mean values of haematological parameters in birds of different  

Groups at various intervals 

(n=6) 
Parameter Week 

PI* 

Group I Group II Group III Group IV 

Hb(g/dl) 1
st 

7.35 ± 0.03
aA 

6.56 ± 0.14
bA

 6.57 ± 0.06
bA

 7.38 ± 0.04
aA 

2
nd 

8.26 ± 0.06
aB

 6.13 ± 0.07
bA

 6.29 ± 0.17
bA

 8.30 ± 0.03
aB 

4
th 

9.45 ± 0.08
aC

 5.97± 0.07
cB

 6.19 ±0.06
bA 

9.47 ± 0.17
aB

 

PCV (%) 1
st 

22.05 ± 0.10
aA

 19.68 ± 0.16
bA 

19.71 ± 0.18
bA 

22.14 ± 0.12
aA 

2
nd 

24.78 ± 0.18
aB

 18.39 ± 0.21
bB

 18.87 ± 0.16
bB 

24.90 ± 0.16
aB 

4
th 

28.35 ± 0.25
aC 

17.91 ± 0.18
cC 

18.57 ± 0.14
bB 

28.47 ± 0.21
aC 

TEC (millions/µ) 1
st 

3.23 ± 0.17
aA

 2.40 ± 0.14
bA 

2.42 ± 0.16
bA 

3.25± 0.09
aA

 

2
nd 

3.25 ± 0.14
aA

 2.21± 0.14
bA 

2.23 ± 0.09
bA 

3.26 ± 0.14
aA

 

4
th 

3.31 ± 0.40
aB 

1.98 ± 0.10
cB 

2.15 ± 0.19
bB 

3.31 ± 0.17
aB

 

TLC 

(thousands/µl) 

1
st 

22.43 ± 0.14
aA

 33.10 ± 0.92
aA 

33.15 ± 0.90
aA 

22.48 ± 0.14
aA 

2
nd 

23.84 ± 0.14
bA

 41.90 ± 0.37
aB 

41.91 ± 0.55
aB

 23.92 ± 0.17
bA 

4
th 

29.13 ± 0.23
bB 

46.83 ± 0.53
aC 

47.00 ± 0.89
aC 

29.36 ± 0.29
bB 

MCV (fl) 1
st 

68.26±0.24
bA 

82 07±0.18
aA 

81.44±0.96
aA 

68.12±0.44
bA 

2
nd 

76.24±0.33
bB 

83.21±0.43
aA 

82.67±0.19
aA 

76.38±0.37
bB 

4
th 

77.64±0.65
bB 

86.37±0.46
aB 

85.24±0.38
aB 

77.69±0.66
bB 

MCH (pg) 1
st 

22.75±0.51
bA 

27.33±0.68
aA 

27.14±0.24
aA 

22.70±0.56
bA 

2
nd 

25.41±0.66
bB 

27.73±1.04
aA 

28.20±0.45
aB 

25.46±0.66
bB 

4
th 

26.54±0.35
bB 

30.46±0.18
aB 

29.79±1.20
aB 

26.56±0.92
bB 

MCHC (g%) 1
st 

29.69±0.45
aA 

28.45±0.42
aA 

28.47±0.66
aA 

29.71±0.26
aA 

2
nd 

29.86±0.73
aA 

27.63±0.33
aA 

27.69±0.13
aA 

29.88±0.43
aA 

4
th 

30.90±0.86
aB 

26.43±0.75
aB 

26.49±0.19
aB 

30.91±0.88
aB 

*PI=Post Infection; Mean bearing at least one common superscript (a, b, c and A, B, C) did not differ significantly 

between groups and weeks (P<0.05), respectively. 

 

Table.2 Mean values of DLC (%) in birds of different groups at various intervals 

(n=6) 
Cell type Weeks 

PI* 

Group I Group II Group III Group IV 

Heterophils (%) 1
st 

28.33±1.03
bA

 54.38±1.14
aA 

53.19±1.20
aA 

28.33±1.03
bA 

2
nd 

29.32±0.42
bA 

58.23±0.54
aA 

59.00±0.54
aA 

29.32±0.54
bA 

4
th 

29.00±0.85
cA 

50.17±1.45
bA 

53.43±1.54
aA 

30.00±1.54
cA 

Lymphocytes (%) 1
st 

65.60±1.86
aA 

41.33±0.86
bA 

42.33±0.56
bA 

65.60±0.56
aA 

2
nd 

66.15±0.85
aA 

33.11±0.33
bB 

34.13±0.33
bB 

66.15±1.21
aA 

4
th 

66.25±0.85
aA 

32.44±0.56
cB 

34.34±0.33
bB 

66.25±0.76
aA 

Monocytes (%) 1
st 

3.48±0.33
bA 

5.76±0.67
aA 

5.27±0.56
aA 

3.48±0.33
bA 

2
nd 

3.78±1.34
bA 

6.67±0.43
aB 

6.38±1.04
aB 

3.78±0.66
bA 

4
th 

3.80±0.66
bA 

7.33±0.66
aB 

7.15±0.56
aB 

3.80±0.33
bA 

Eosinophils (%) 1
st 

1.00±0.36
aA 

1.33±0.65
aA 

1.33±0.33
aA 

1.00±0.88
aA 

2
nd 

1.25±0.45
aA 

1.66±0.46
aA 

1.33±0.67
aA 

1.25±0.74
aA 

4
th 

1.33±0.54
aA 

2.00±0.33
aA 

1.66±0.49
aA 

1.33±0.66
aA 

Basophils (%) 1
st 

0.30±0.19
aA 

1.00±0.00
aA 

1.00±0.34
aA 

0.30±0.10
aA 

2
nd 

0.44±0.27
aA 

1.33±0.13
aA 

1.00±0.66
aA 

0.40±0.00
aA 

4
th 

0.55±0.42
aA 

1.76±0.52
aA 

1.46±0.33
aA 

0.55±0.12
aA 

*PI=Post Infection; Mean bearing at least one common superscript (a, b, c and A, B) did not differ significantly 

between groups and weeks (P<0.05), respectively. 
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Table.3 Mean values of biochemical parameters in birds of different groups at various intervals 

(n=6) 
Parameter Week PI* Group I Group II Group III Group IV 

Total serum 

protein (g/dl) 

1
st 

3.95 ± 0.01
aA 

2.36 ± 0.03
bA 

2.36± 0.02
bA 

3.96 ± 0.01
aA 

2
nd 

4.02 ± 0.02
aA

 1.94 ± 0.02
bB 

1.95 ± 0.01
bB 

4.04 ± 0.03
aA 

4
th 

4.05 ± 0.02
aA 

1.90 ± 0.01
bB 

1.93 ± 2.94
bB 

4.08 ± 0.02
aA 

Albumin (g/dl) 1
st 

3.16 ± 0.03
aA 

2.46 ± 0.02
bA 

2.45 ± 0.08
bA 

3.17 ± 0.03
aA 

2
nd 

3.25 ± 0.03
aA 

2.05 ± 0.04
bA 

2.07 ± 0.06
bA 

3.26 ± 0.02
aA 

4
th 

3.28 ± 0.03
aA 

1.46 ± 0.01
bB 

1.49 ± 0.04
bB 

3.29 ± 0.06
aA 

globulin (g/dl) 1
st 

0.71 ± 0.04
bA 

0.96 ± 0.04
aA 

0.96 ± 0.09
aA 

0.72 ± 0.03
bA 

2
nd 

0.97 ± 0.11
bB 

1.24 ± 0.13
aB

 1.26 ± 0.02
aB 

0.98 ± 0.03
bB 

4
th 

1.12 ± 0.02
bB 

1.33 ± 0.02
aB 

1.35 ± 0.02
aB 

1.14 ± 0.04
bB 

A:G ratio 1
st 

4.45 ± 0.43
aA 

2.55 ± 0.09
bA 

2.55 ± 0.28
bA 

4.40 ± 0.25
aA 

2
nd

 3.35 ± 0.33
aA 

1.65 ± 0.13
bB 

1.64 ± 0.08
bB 

3.32 ± 0.22
aA 

4
th 

2.92 ± 3.98
aA 

1.09 ± 0.01
bB 

1.10 ± 0.01
bB 

2.88 ± 0.29
aA 

AST (IU/l) 1
st 

43.80 ± 0.36
bA

 67.66 ± 0.22
aA

 67.48 ± 0.29
aA

 42.63 ± 0.44
bA

 

2
nd 

44.66 ± 0.16
bA

 119.70 ± 0.48
aB

 118.45 ± 0.38
aB

 44.35 ± 0.41
bA 

4
th

 45.51 ± 0.18
bA

 123.32 ± 0.23
aB

 121.51 ± 0.17
aB

 45.21 ± 0.13
bA 

ALT (IU/l) 1
st 

19.63 ± 0.21
bA 

49.26 ± 0.23
aA

 49.26 ± 0.14
aA

 19.63 ± 0.20
bA

 

2
nd 

21.43 ± 0.36
bA

 76.65 ± 0.29
aB

 76.53 ± 0.29
aB

 21.42 ± 0.37
bA

 

4
th

 23.67 ± 0.30
bA

 88.41 ± 0.65
aC

 87.24 ± 0.15
aC

 23.66 ± 0.28
bA

 

*PI=Post Infection; Mean bearing at least one common superscript (a, b and A, B, C) did not differ significantly 

between groups and weeks (P<0.05), respectively. 

 

In the present study too, there was more 

increase in the number of heterophils in the 

early phase of infection. The group III birds 

showed increase in the heterophils and 

lymphocyte count when compared with group 

II birds in the present study. This might be 

due to that ascorbic acid role in the synthesis 

of White Blood Cells especially Phagocytes 

and Heterophils which enhance immunity in 

broiler chickens (Null, 2001). Ascorbic acid is 

required for Heterophil function and 

decreases circulating glucocorticoids, thus, 

plays a critical role in immune response. 

Lymphocytes secrete antibodies that bind to 

foreign microorganisms in body tissues and 

mediate their destruction (Britannica, 2013). 

 

Serum biochemistry 

 

Studies on the total serum proteins (TSP) and 

albumin concentration revealed that there was 

a significant decrease in group II than the 

control group. The results of present study 

correspond with the findings of Halsey (2003) 

in Salmonella typhimurium infection in 

chickens, Ganovska (1981); Kokoshorarov 

(2006) in Salmonella gallinarum infection in 

chicken, Gupta et al., (1999) in Salmonella 

Dublin infection in guinea-pigs. According to 

Blood et al., (1994), hypoproteinemia may be 

due to i) renal diseases which lead to protein 

loss, ii) liver damage which causes failure in 

the synthesis of plasma proteins and iii) 

congestive heart failure. In addition to these, 

hypoproteinemia may also occur due to 

malnutrition and malabsorption (Coles, 1986).  

 

In the present study, there was decreased 

appetite and damage to liver and kidney tissue 

as was evident from pathological studies. In 

addition, Kokosharov (2000) observed that 

Salmonella strains produce certain enzymes 

as catalases which induce proteolysis. The 

group III birds showed increase in TSP and 

albumin concentration when compared with 

group II birds in the present study. These 
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findings were also reported by Majekodunmi 

et al., (2013); Seyrek et al., (2004) in quails. 

Studies on the globulin concentration revealed 

that there was increase in the groups II from 

1
st
 week PI which continued up to 4

th
 week 

PI. Hyperglobulinemia is associated with 

chronic diseases and bacterial septicemia 

(Coles, 1986). Coles (1986) reported that 

infections produce marked increase in alpha 

globulins and these findings correspond with 

that of Ganovska (1981); Kokosharov (2006) 

in chicken infected with Salmonella 

Gallinarum Gupta et al., (1999) in guinea-

pigs infected with Salmonella typhimurium. 

Globulin is a reactive protein and a plasma 

precursor with gamma globulins being 

stimulated by the presence of antigens and 

synthesized by plasma cells (Frandson and 

Spurgeon, 1992) and lymphocytes containing 

the antibodies known as immunoglobulins 

(Duke, 1993). Gamma-globulin is associated 

with immunity and resistance to diseases. The 

group III birds show non-significant change 

in globulin concentration as compared to 

group II birds. Studies on A: G ratio revealed 

that there was significant decrease in the 

infected groups than control group. The 

significant decrease in A: G ratio as observed 

in this study was because of decrease in 

albumin concentration and increase in 

globulin concentration. 

 

Serum enzymes 
 

Studies on the aspartate aminotransferase or 

serum glutamate oxaloacetate transferase 

(SGOT) levels revealed that there was 

significant increase in all the infected groups 

from 7
th

 DPI which continued till last 

observation. These results correspond with 

the findings of Kokosharov and Goranov 

(1997) who observed that level of aspartate 

aminotransferase increased 4 days after 

infection with Salmonella Gallinarum. Serum 

AST increases in hepatic and renal damage as 

well as muscular dystrophy. Galvin (1980) 

reported that most common cause of elevated 

serum AST level in caged birds was hepatic 

disease. Corduk et al., (2007) stated that an 

increase in AST activity is an of progressive 

liver cell injury followed by an increased 

production of reactive oxygen species due to 

external factors such as heat, trauma, 

infection, toxin and exercise. According to 

Brenes et al., (2003) and Rajman et al., 

(2006), plasma AST is not so specific and 

sensitive to hepatocellular damage in birds as 

it is in mammals, but Denli et al., (2004) 

regarded the activity of AST in serum of birds 

a sensitive indicator of acute hepatic necrosis. 

In present study also marked damage to 

hepatic tissue, renal tissue and cardiac tissue 

was observed during gross and 

histopathological examination. The group III 

birds showed non-significant decrease in AST 

values as compared with group II birds. This 

may be due to hepatoprotective effect of 

Vitamin C. Studies on the serum ALT 

revealed significantly higher values in group 

II from 1
st
 week PI up to last observation. 

These results correspond with the findings of 

Kokosharov and Goranov (1997) who 

reported that level of serum ALT increased 

after 2 days of infection with Salmonella 

Gallinarum, Gupta et al., (1999) in guinea-

pigs infected with S. Dublin. The most 

important cause for elevation of serum ALT 

in birds is liver damage. Halliwell (1981) 

reported elevations in serum ALT in chicken 

with hepatic injury. In present study, there 

was hepatic damage as was evident from 

pathological studies so increased level of 

these enzymes.  

 

The group III birds showed non-significant 

decrease in ALT values as compared with 

group II birds. This may be due to 

hepatoprotective effect of Vitamin C. 
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