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ABSTRACT 
 

The objective of the present work was to evaluate some innate immune 

responses associated with neonatal calves' diarrhoea before and after treatment 

either with antibiotics or antibiotics plus fluid therapy. The experiment carried 

out on sixty diarrheic and 15 non-diarrheic healthy calves (from15 up to 45 

days of age). According to fever, the diarrheic calves divided into two main 

groups, febrile and non-febrile diarrheic calves. Then according to the type of 

receiving therapy, each main group is subdivided into two subgroups, receiving 

antibiotic or antibiotic plus Digeston
©

 for five days. The most common 

pathogens isolated from both groups of febrile diarrheic calves were E. coli 

(93.3%) and Campylobacter spp.(26.7%). The results showed that febrile 

diarrheic calves had a significant increase (p<0.05) in phagocytic activity; 

lysozyme; nitric oxide (NO); haptoglobin (HP); total protein (TP) and albumin 

as well as a significant decrease in immunoglobulin G (IgG) compared to 

control group. While in non-febrile diarrheic calves, there was a significant 

increase (p<0.05) in HP; TP and albumin. By treatment, both therapies 

modulate the innate immune response to approach control value. It was clear 

that the antibiotic plus digeston
©
 have much better results. It can be concluded 

that the lysozyme assay serves as a confirmatory test to differentiate between 

infectious and non-infectious diarrhoea of neonatal calves.  Using IgG assay as 

a screening test may be essential to ensure that calves receive adequate 

colostrum early in life. 
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INTRODUCTION 
 

Calf diarrhoea is one of the most serious 

problems in the livestock industry. Calf diarrhea 

considers the most important cause of economic losses 

arise from calf death, the cost of treatment as well as 

impaired calf growth and future performance (Smith, 

2012). 

 

Calf diarrhea is attributed to both infectious 

and non-infectious factors. Non-infectious diarrhoea 

includes environmental (e.g. improper animal hygiene), 

nutritional (e.g. excessive amounts of milk or milk 

replacer) (Kabu and Albayrak, 2016). The common 

agents of infectious calf diarrhoea include bacteria such 

as Escherichia coli and Salmonella spp., viruses such 

as rotavirus and coronavirus, and parasites as Toxocara 

vitulorum, Trichstrongylus spp., Eimeria spp. and 

Cryptosporidium spp.  (Ramadan et al., 2015). Co-

infection is frequently observed in diarrheic calves 

although a single primary pathogen can be the cause in 

some cases. The most common cause of neonatal 

diarrhea is Enterotoxigenic E. coli (ETEC). Which 

produces different virulence factors associating with 

colonization in the small intestine as the plasmid-

encoded K99 (Kaper et al., 2004). 
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The physiology of the bovine placenta prevents 

the transfer of maternal serum immunoglobulin’s to the 

calf before its born, therefore, calves are born a gamma 

globulinemic essentially and entirely dependent on 

Cloistral immunoglobulin at the first hours of life for 

protection from disease  (Weaver et al., 2000). 

Inadequate colostrum consumption leads to failure of 

passive transfer (FPT), which is associated with 

increased morbidity and mortality before weaning 

(Dewell et al., 2006). 
 

Acute-phase proteins (APPs) are a group of 

plasmatic proteins whose concentration increase after 

infection but are absent or present at low levels in 

healthy animals (Petersen et al., 2004). They are not 

suitable for establishing a specific diagnosis, but 

quantification of their concentration can provide 

objective information about the stage of clinical and 

subclinical infections also for the prognosis of their 

severity. Haptoglobin is one of the essential bovine 

APPs (Ganheim et al., 2007). 
 

Treatment of neonatal calves' diarrhea is very 

similar, regardless of cause. All calves with diarrhea 

should receive proper nutritional support. Also, 

specific antimicrobial therapy should be established 

when infection confirmed or suspected. The main goal 

is to restore the health of the calf, not simply to adjust 

the volume and consistency of the feces (Smith, 2009). 

Therefore, the present study aimed to compare between 

two different treatment regimens (antibiotic only or 

antibiotic with Digeston
©
) through the determination of 

serum total protein, albumin, globulin, IgG, Hp, as well 

as some innate immune response as serum lysozyme, 

serum nitric oxide and phagocytic activity of peripheral 

blood mononuclear cells before and after treatment. 

 
         MATERIALS AND METHODS 
 

1. Digeston© 

Produced by Candles pharm Ismailia-Industry 

Area K.E. Used in case of diarrhea and inflammation to 

regulate electrolyte and keep acid-base balance. 

Digeston© contain Vit. A Vit. D3, Vit. E, Zn, Mn, Fe, 

Cu, I, Se and lactose as a carrier. 

2.. Animals and experimental design  

The present study was done using 15 healthy 

and 60 diarrheic newly born calves of both sexes from 

15 up to 45 days of age that feed whole milk in a 

private farm in Sharkeia governorate. The diarrheic 

calves were selected at the early stage of the disease 

based on physical examination with special regard to 

body temperature and bacteriological examination. 

According to body temperature, the diarrheic calves 

were divided into two main groups (30 calves each), 

febrile diarrheic calves and non -febrile diarrheic 

calves then according to the type of receiving treatment 

each main group was subdivided into two subgroups 

(15 calves each) receiving antibiotics or antibiotics plus 

Digeston© for five days according to manufacture 

instructions as following: 

1-Group1 (G1): Control group (n =15) were healthy 

calves.  

2-Group2 (G2): Non-febrile diarrheic calves receiving 

antibiotic only.  

3-Group3 (G3): Non-febrile diarrheic calves (receiving 

antibiotic plus digeston
®
).  

4-Group4 (G4): febrile infected diarrheic calves 

receiving antibiotic only.  

5-Group5 (G5): febrile infected diarrheic calves 

receiving antibiotic plus digeston
®
 

3. Sampling 

A total number of 75 rectal swabs were 

collected and transferred directly to the laboratory in a 

separate sterile plastic bag, under complete aseptic 

condition.Blood was collected from all groups at 0 

times (before treatment), 3
rd 

and 5
th
 day post-treatment 

for serum separation to evaluate lysozyme, nitric oxide, 

total protein, albumin, IgG and haptoglobin. Also, 

heparinized blood was collected at the same time from 

all groups for phagocytosis assay. 

4. Bacteriological examination 

Isolation and identification of E. coli were 

done according to Koneman et al., (1992) and Quinn 

et al., (2013). Suspected colonies were subjected to 

further identifications, according to Edwards and 

Ewing, (1986).Cultivation and identification of 

Salmonella spp. where applied according to Morifnigo 

et al., (1986) and Chirino-Trejo (1999).The suspected 

colonies were identified serologically according to the 

Kauffman - white scheme by slide agglutination test. 

Isolation and identification of Campylobacter were 

done according to Klein et al., (2012). Each fecal 

sample was cultured onto 5% sheep blood agar, then 

incubated at 37°C for 24 h and inspected for the 

presence of other bacterial pathogens.  

5.Antibiotic sensitivity tests: The sensitivity test was 

done using standard diffusion method according to 

NCCLS (2002) and WHO (1977) (standards Table 1). 

The Oxoid discs including ten mcg ampicillin (AM), 

30 mcg cefotaxime (CTX), 30 mcg tetracycline (TE), 

25 mcg co-trimoxazol (SXT), five mcg ciprofloxacin 

(CIP), ten mcg gentamycin (GN), 30 mcg cephalexin 

(CFX) and five mcg ofloxacin (OFF). Muller-Hinton 

medium was used. The percentage of sensitivity was 

calculated according to Fazlani et al., (2011). 

6. Treatment  
All diarrheic calves in the four groups received 

broad-spectrum antibiotics which proven to be 

antibiotic of choice by sensitivity test; ceftriaxone (20 

mg /kg body weight) or ciprofloxacin (25mg/kg body 

weight)). In addition to an antibiotic, the electrolytes 

(digeston
®
) were given to non-febrile diarrheic calves 

(G3) and febrile diarrheic calves (G5) up to 10% of 

body weight according to recommendations of 

producing company. 
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7.Evaluation of the innate immune response 
7.1. Phagocytic activity:  Phagocytic activity of 

peripheral blood mononuclear cell was determined 

using Candida albicans, according to Bos and Souza, 

(2000). The phagocytic percentage (number of 

phagocytic macrophages / total no of macrophages) 

and phagocytic index (number of macrophages engulf 

≥3 Candida spores / total no of macrophages) were 

calculated. 

7.2.Lysozyme Assay  
Lysozyme activity was measured by agarose 

gel plate lyses assay according to Peeters and 

Vantrappen 1977. The concentration of lysozyme 

obtained from the logarithmic curve of standard 

lysozyme. 

7.3.Nitric oxide assay 
It carried out according to Yang et al., (2010) 

by Griess reagent after deproteinization of serum, and 

reduction of nitrate to nitrite using copper-plated 

cadmium. The optical density was determined at 545 

nm with an ELISA plate reader; the NO concentration 

was calculated from the standard curve using NaNO2.                                      

8. Estimation of serum protein profile: 

Serum total protein and albumin were 

estimated using commercial colorimetric diagnostic, 

kits obtained from biodiognostic.CAT.No.TP 2020 and 

AB 1010. Globulin concentration was evaluated by 

subtracting albumin from total protein. 

9.Determination of the immunoglobulin, G (IgG) 

Determination of levels of bovine serum IgG 

was done by Using Redial Immunodiffusion Binding 

site kits Ref (RN200.3) and Lot (338428). 

10.Evaluation of haptoglobin concentration  

Serum haptoglobin concentration was 

measured using commercial diagnostic kits (BEN-

Biochemical enterprise S.r.l.-via Toselli, 4-20127 

Milano -Italy. Ref HP3222.) following manufactures 

instructions.  

11. Statistical analysis 

The obtained data were statistically analyzed 

using one-way ANOVA test on a computer program 

SPSS-14 (2006). 
 

RESULTS 
The diarrheic calves appeared week, depressed 

with reduced appetite, fecal consistency was pasty and 

semi-liquid, dehydration was mild, and suckling reflex 

was moderate. The calves were monitored for 1-week 

post-treatment. During this period, all non -febrile 

diarrheic  calves (30) which receive both treatments 

showed all signs of recovery within three days, and all 

febrile diarrheic calves that receive antibiotic 

+digeston
®
, (15calves) recovered within five days, 

while 13 out of 15febrile diarrheic calves which receive 

antibiotic only showed all signs of recovery within 

seven days and two calves died. The two died calves 

were severely depressed. 

Bacteriological findings 

The prevalence of bacterial isolates (Table 1) 

showed that the most common pathogens isolated were 

E. coli followed by Proteus Vulgaris then 

Campylobacter and Salmonella species. Frequencies 

and distribution of E. coli (40 isolates) and 2 

Salmonella serotypes were showed in Table (2). 

Results of antibiogram Table (3) revealed that 

(ciprofloxacin, cephalexin and ofloxacin) were the 

most effective antibiotics for treatment of diarrheic 

calves. 
 

Table 1: Prevalence of bacterial isolates in the 

examined fecal samples. 
 

 

 

 
Table 2: Frequencies and distribution of E. coli 

serotypes and Salmonella serotypes recovered from 

examined fecal samples. 

 

 

 
Table 3: Sensitivity percentage of bacteria isolated 

from feces of all calves. 

 

 
 
 

Bacterial 

Species 

Control 

febrile 

diarrheic 

calves 

Non-febrile 

diarrheic 

calves 

No. % No. % No. % 

E. coli 2/15 13.3 28/30 93.3 10//30 33.3 

Campylobacter -ve -ve 8/30 26.7 -ve -ve 

Salmonella 

spp. 
-ve -ve 6/30 20 -ve -ve 

Proteus 

Vulgaris 
1/15 6.6 20/30 66.7 2/30 6.6 

E .coli 
Total no. 

of isolates 

Salmonella 

serotyping 

Total no 

of isolates 

O157 12 S. Typhimurium 4 

O119 4 S. Enteritrdias 2 

O25 3 -ve -ve 

O111 8 -ve -ve 

O186 4 -ve -ve 

Untypable 9 -ve -ve 

Bacterial 

Species 

No.of 

Isolates 
Amm Cfx Cip Ctx Gn Off 

E. coli 40  40 35 21 4 33 

Salmonella 6 1 5 6 3 2 4 

Campylobacter 8 5 8 8 6 8 8 

Proteus 

vulgaris 
23 23 20 23 23 19 23 
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The phagocytic activity of peripheral blood mononuclear cells in calves 

The phagocytic percentage and index of peripheral blood mononuclear cells of both febrile 

diarrheic calves groups (G4 and G5) showed a significant increase. In contrast, non-febrile diarrheic 

calves groups don’t show any change compared with the control group at zero time. The phagocytic 

index of non-febrile diarrheic calves treated by antibiotic plus digeston
®.

 (G3) showed a significant 

increase compared with that treated with antibiotic alone (G2) at 5
th

 day (Table 4 & Figuer1). 
 

Table 4: The phagocytic percentage and index of peripheral blood mononuclear cells of control and treated calves 

groups. 
 

 

Data were presented as the mean ± standard error (n = 5). Mean with different superscript small litters indicated 

significantly different in the same row (between groups) (P<0.05) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Peripheral blood mononuclear cells of febrile diarrheic calves engulfed Candida albicans spores                                                                                

(Giemsa stain × 100) 

 

Serum lysozyme activity and nitric oxide values of calves 

              Concerning to the results of lysozyme and NO (Table5), there was a significant increase in both of them 

in febrile diarrheic calves (G4 and G5) compared with non-febrile diarrheic calves (G2 and G3) and control 

group. By treatment, their values return to approach the control values at 5
th
 day in both treatments. While that of 

non-febrile diarrheic calves (G1and G2), don’t show any significant change in both parameters. 
 
 
 

Parameter 
Time post-

treatment 

Control 

G1 

Non -febrile diarrheic calves Febrile diarrheic calves 

Antibiotic 

G2 

Antibiotic+ 

digestion G3 

Antibiotic 

G4 

Antibiotic+ 

digestion G5 

Phagocytic 

Percentage 

Zero time 64.33±0.71
b
 66.33±1.15

b
 65.65±0.95

b
 80.16±1.08

a
 78.83±1.08

a
 

3
rd

 day 65.5±1.57 60.33±0.67 61.66±1.38 63.16±2.38 60.16±3.01 

5
th

 day 65.5±0.85
a
 61±0.63

ab
 68.33±1.14

 a
 57.16±2.62

b
 63.16±3.45

ab
 

Phagocytic 

Index 

Zero time 0.33±0.01
b
 0.31±0.01

b
 0.33±0.01

b
 0.45±0.03

a
 0.47±0.04

a
 

3
rd

 day 0.32±0.01 0.29±0.01 0.35±0.01 0.28±0.02 0.31±0.02 

5
th

 day 0.31±0.01
ab

 0.28±0.02
b
 0.34±0.01

a
 0.27±0.01

b
 0.31±0.01

ab
 



Evaluation of Immunological Status of Calves …… 

44 

 

Table 5: Lysozyme and Nitric oxide level of control and treated calves groups. 

 

 
Data were presented as the mean ± standard error (n = 15). Mean with different superscript small litters indicated 

significantly different in the same row (between groups) (P<0,05). 
 
 

Serum total protein profile of calves 

Serum TP concentration was statistically higher in all diarrheic calves febrile and non-febrile 

(G2, G3, G4 and G5) compared with the control group that contributed to a significant increase in 

albumin. Concerning the globulin values, febrile diarrheic calves (G 4 and G5) revealed a significant 

decrease in globulin values in comparison with the control group (G1) and non-febrile diarrheic calves 

which lead to a significant increase in A/G ratio. The TP profile was greatly corrected in groups treated 

by dehydrated therepy+ antibiotic than that treated with antibiotic alone (Table 6). 
 

Table 6:  Serum protein profile in control and treated calves groups 

 

Data were presented as the mean ± standard error (n = 15). Mean with different superscript small litters indicated 

significantly different in the same row (between groups) ) (P<0,05). 

Serum immunoglobulin G of calves 

Parameter 
Time post-

treatment 

 

Control 

G1 

Non -febrile  diarrheic calves Febrile diarrheic calves 

Antibiotic  

G2 

Antibiotic + 

digeston G3 

Antibiotic  

G4 

Antibiotic 

+digeston (G5) 

Lysozyme 

(µg/ml) 

Zero time 10.59±0.67b 9.81±0.59
b
 9.67±0.34

b
 174.2±4.9

a
 180.13±6.15

a
 

3
rd

 day 9.82±0.56 
b
 10.94±1.23

b
 11.75±0.39 

b
 75.9±4.5

a
 69.94±5.4

a
 

5
th
 day 11.54±0.6 9.62±1.05 12.94±0.15 12.23±1.26 13.25±2.84 

Nitric 

Oxide 

(µmol/ml) 

Zero time 6.19±0.41 
b
 5.64±0.31

b
 6.67±0.34

b
 16.23±0.75

a
 17.47±0.91

a
 

3
rd

 day 6.59±0.34
b
 6.23±0.24

b
 6.75±0.39

b
 14.47±0.72

a
 8.42±0.57 

5
th
 day 7.45±0.13 5.88±0.75 5.94±0.15 9.37±0.34 7.15±0.57 

Parameter 
Time post-

treatment 

 

Control 

G1 

Non -febrile diarrheic calves Febrile diarrheic calves 

Antibiotic 

(G2) 

Antibiotic+ 

digeston(G3) 

Antibiotic 

(G4) 

Antibiotic+ 

digeston (G5) 

Total 

protein 

(gm./dl)_ 

Zero time 5.56±.36 
b
 6.73±.71

a
 6.91±30 

a
 6.60±.27

a
 6.55±.20

a
 

3
rd

 day 5.65±.18 5.99±.21 5.91±.22 6.17±.25 6.07±,39 

5
th
 day 5.68±.31 5.55±.23 5.02±.22 5. 86±26 5. 69±.23 

Albumin 

(gm./dl) 

Zero time 2.62±.12 
b
 3.15±.11 

b
 3.25±.13

ab
 3.91±.13

a
 3.96±.16 

a
 

3
rd

 day 2.54±.09 
b
 2.96±.19

ab
 3.15±.23

ab
 3.17±.31

a
 3.44±.29 

a
 

5
th
 day 2..64±.15

ab
 2.78±.18

ab
 2.45±.16 

b
 3.11±0.19

a
 2.89 ±.14

ab
 

Globulin 

(gm./dl) 

Zero time 2.94±.24
ab

 3.58±.2
ab

 3.65±.18
 a
 2.69±.21

b
 2.59±.2 

b
 

3
rd

 day 3.11±.13 3.02±.21 2.81±.23 3.00±.50 2,63±.18 

5
th
 day 2.93±.19 2.77±.24 2.57±.12 2.75±.23 2.81±.21 

A/G 

ratio 

 

Zero time .9±.13
b
 .89±.05

 b
 0.89±.09

b
 1.46±.15

a
 1.52±.19

a
 

3
rd

 day .83±.04 .98±0.03 1.10±.17 1.06±.37 1.30±.23 

5
th
 day .92±.05 1.04±.17 .96±.07 1.14±.11 1.03±.12 
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The serum (IgG) concentration of febrile diarrheic calves (G4 and G5) revealed a significant decrease in 

IgG level in comparison with the control group (G1). In contrast, non-febrile diarrheic calves (G 2 and G3) were 

fluctuated below and above the control group. No effect of both treatments on serum IgG calves in all treated 

groups (Table 7). 

 

Serum haptoglobin values of calves 

Haptoglobin levels were statistically higher in all diarrheic calves febrile and non-febrile (G2, G3, G4 and 

G5) when compared with the control group (Table 7). However, it was observed that the mean concentrations of 

Hp were higher in febrile than non-febrile diarrheic calves. By treatment, Hp levels decrease to approach control 

values in all groups. 
 

Table 7:  Serum Immunoglobulin-G (IgG ) levels and Haptoglobin (Hp) of control and treated calves groups. 
 

Parameter 
Time post-

treatment 
Control 

 Non-febrile diarrheic calves  Febrile diarrheic calves 

Antibiotic G2 Antibiotic+ 

Digeston G 3 

Antibiotic G4 Antibiotic+ 

digestonG5 

IgG 

(mg/L) 

Zero time 40.25±1.28
a
 39.51±1.18

a
 42.75±1.95

a
 24.83±0.96

b
 25.01±1.58

b
 

3
rd

 day 42.75±1.34
a
 41.28±0.75

a
 41.66±1.18

a
 26.77±1.02

b
 28.5±1.25

b
 

5
th

 day 39.5±0.81
a
 40.75±1.97

a
 41.33±1.59

a
 29.89±2.01

b
 28.24±0.64

b
 

Hp 

(mg/dl) 

Zero time 3.38±0.61
c
 7.68±0.71

b
 8.74±0.63

b
 18.1±2.18

a
 18.5±2.47

a
 

3
rd

 day 3.42±0.34
b
 5.08±0.84

b
 6.12±0.32

b
 11.52±0.64

a
 9.84±0.55

a
 

5
th

 day 3.6±0.46 4.2±0.27 3.28±0.19 7.72±0.5 4.12±0.55 

 
Data are presented as the mean ± standard error (n = 15). Mean with different superscript small litters indicate 

significantly different in the same row (between groups) ) (P<0,05).  
 

 

 

DISCUSSION 
Despite significant progress in understanding 

the pathophysiology of neonatal diarrhea, it considers 

one of the most significant causes of economic loss for 

the cattle industry.Bacteriological examination of fecal 

samples in the present study revealed that the most 

common pathogens isolated were E. coli at 93.3% in 

febrile diarrheic calves and 33% in non-febrile 

diarrheic calves followed by Proteus vulgaris at 

66.67% in febrile diarrheic calves and 6.67% in non-

febrile diarrheic calves. Salmonella species and 

Campylobacter spp. were isolated only from febrile 

diarrheic calves at an incidence of (20 and 26.67%) 

respectively. In the similar study Elhamy, et al., 

(2012) stated that the total bacteria isolated from fecal 

samples were E. coli, S. Typhimurium and 

Campylobacter spp. 

 

The nearly similar rates of incidence to our 

results, E. coli was recovered from diarrheic calves by  

Kirkan et al., (2018) at the rate of (94%) and Badawy 

(2015) at a rate of  (92.75%) and higher than that 

reported by Mohammed et al. (2019), who recovered  

E. coli at a rate of  (46.4%). This high and low 

incidence of E. coli may be due to the difference in the 

study area, age of calves, farm size, managements, and 

hygiene measurements (Mohammed et al., 2019). 

In the present study, serological identification of E. coli 

(40 isolates), revealed that the E. coli were typed as 

O157 (12), O119 (4), O25 (3), O111 (8), O186 (4), and 

untypable E. coli (9). These findings were similar to 

results of Elhamy et al., (2012) who stated that the 

most common E. coli serotypes isolated from diarrheic 

fecal samples were as K99, O157, O111, O125, O119, 

O26 and O128. Bacteriological examination revealed 

that 6 out of 30 fecal samples (20%) were positive for 

Salmonella spp. Two Salmonella serovars were 

elucidated, namely, S. Typhimurium (13.33%) and S. 

Enteritidis (6.67%). In a similar study, Abdullah et al., 

(2013) recorded that 25 /114 (21.9%) samples were 

positive for Salmonella spp.   
 

Antibiotics should be used against E. coli and 

Salmonella infection after doing sensitivity test to 

choose the best drug, as inappropriate use of antibiotics 

can lead to serious antibiotic resistance problems 

(Muktar et al., 2015). Results of antibiogram revealed 

that (ciprofloxacin, cephalexin and ofloxacin) were the 

most effective antibiotics for treatment of diarrheic 

calves. Most isolated bacteria showed different degrees 

of resistance to ampicillin, cefotaxime and gentamycin. 

Elhamy et al., (2012) mentioned that the in vitro 

sensitivity of recovered isolates of E. coli from 

diarrheic fecal samples to different antimicrobial agents 

were highly sensitive for most of them. 

Regarding the phagocytic activity of peripheral 

blood mononuclear cells, there was a significant 

increase in both groups of febrile diarrheic calves (G4 

and G5). This may be due to the acute infectious 
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gastroenteritis that is characterized by an increase in 

the mucosal macrophage population.  Macrophages use 

their pattern recognition receptors to recognize the 

molecular patterns associated with pathogens leading to 

its activation and secretion of pro-inflammatory 

cytokines that are important in the inflammatory 

responses (Tripathi et al., 2007). Both therapies 

modulate the phagocytic activity to approach control 

value at 3
rd

 day.  Also, it was clear that Digeston
® 

exhibited positive effects on the phagocytic index of 

calves in G3 & G5 compared with that treated with 

antibiotic alone (G2 & G4) as Digeston
® 

contains 

multivitamins (vitamin A, E and D3) and micronutrient 

such as (iron, manganese, copper, iodine and zinc) 

which enhances the immune function (El-Gamal et al., 

2011). Also, zinc supplementation may be beneficial in 

boosting immune responses (Gammoh and Rink, 

2017).  
 

Regarding lysozyme (non-antibody factor), the 

significant increase in lysozyme in febrile diarrheic 

groups (G4 and G5) may be attributed to activation of 

the phagocytic cell against bacterial infection. 

Lysozyme may play an essential role in immunity not 

only by augmenting antibody action but also by 

offering protection before the immune response 

becomes active, thus bridging the Immunological gap. 

These results supported by the results of Tew et al., 

(1971), who recorded that, a single I/V injection of 

endotoxin (product of gram-negative bacteria) into 

rabbits resulted in a 4- to 5-fold increase in plasma 

lysozyme. 
 

Nitric oxide is an important cytotoxic molecule 

used by macrophage in the defence against various 

infectious agents (Luiking et al., 2005). In the present 

study, there is a significant increase in NO in febrile 

diarrheic groups (G4 and G5) in comparison with both 

control and non-febrile diarrheic groups. It was 

recorded that NO concentration was significantly 

higher in calves with acute diarrhea (Kojouri et al., 

2012; Gultekin et al., 2019). It was suggested that 

acute infectious gastroenteritis characterizes by 

inflamed mucosa with an increasing number of 

activated macrophages that responsible for the release 

of cytokines and inflammatory mediators. These 

mediators are known to induce the production of NO 

by phagocytic leukocytes (Rachmilewitz et al., 1995). 

It was known that a large amount of NO is produced 

over a long period during the inflammatory process of 

infectious disease (Sowmyanarayanan et al., 2009). 

Additionally, diarrheic calves had decreased renal 

perfusion related to hypovolemic. Decreased urinary 

excretion of nitrate might contribute to increased 

plasma NO concentration of the diarrheic calves 

(Gultekin et al., 2019). 
 

In the present study, the significant increase of 

total serum protein and serum albumin were observed 

in all diarrheic calves’ groups when compared with that 

of control calves. Our findings were in agreement with 

(Seifi et al., 2006; Guzelbektes et al., 2007; Badawy 

2015). The increase in TP and albumen may result 

from the decrease in extracellular fluid volume and 

hemoconcentration caused by diarrhea (Niaze et al., 

2000). The non-significant decrease in serum globulin 

concentration in febrile diarrheic groups (G4 & G5) 

may be due to failure of passive transfer (FPT) of 

immunoglobulin (Ghanem et al., 2012). Moreover, the 

TP profile was significantly corrected in groups treated 

by fluid therapy (Digeston©) + antibiotic than that 

treated with antibiotic alone as the dehydration was 

corrected by oral fluid Therapy. 
 

Regarding serum IgG concentrations, the 

significant decrease was recorded in the febrile 

diarrheic groups (G4 & G5) in comparison with that of 

non-febrile groups (G2 & G3) and the control group. 

The current results were in agreement with the finding 

of some recent studies (Berge et al., 2009; Balikci and 

AL, 2014; Al-Alo et al., 2018) who recorded that the 

levels of IgG in diarrheic calves were significantly 

decreased than that of healthy calves. It is not clear 

whether the decrease of IgG is the cause or the result of 

calf's diarrhea. Nunn et al., (1993) suggested that the 

decrease in IgG concentrations in calves with scours 

may indicate the use of immunoglobulin to combat 

infection. Other studies had shown that calves with 

lower serum IgG concentrations faced an increased 

chance of diarrhea (Dratwa-Chalupnik et al., 2012; 

Al-Alo et al., 2018). 
 

In the present study, Hp levels (one of the 

major acute-phase proteins in the bovine) were 

statistically higher in all diarrheic calves in 

comparison with the control group. However, 

the mean concentrations of Hp were higher in 

febrile than non-febrile diarrheic calve. The 

increase in Hp concentration may be attributed 

to an infectious factor which activates 

macrophage to secrete pro-inflammatory 

cytokines, which initiate synthesis of acute-

phase proteins from the liver cells  (Tripathi et 

al., 2007; Kabu and Albayrak, 2016). Our 

findings agree with  (Pourjafar et al., 2011; 

Balikci, and Al, 2014) who reported that the 

Hp correlated with fecal scores and proved to 

be reliable indicators of the severity of 

diarrhea. It was recorded that diarrheic calves 

with fever had a significant increase in their 

Hp (P<0.001) compared to diarrheic calves  

without fever (Hajimohammadi et al., 2013; 

Murray et al., 2014).  
[ 

CONCLUSION 

It can be concluded that, providing diarrheic 

neonatal calves with sufficient oral rehydration 

therapy consider the top priority for treatment. 
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Then after detection of the causative agent, 

antibiotics were provided. The measurement of 

serum lysozyme on 1
st
 day of diarrhea is a simple, 

rapid inexpensive test that could serve as a 

confirmatory test to differentiate between 

infectious and non-infectious diarrhea. Moreover, 

the decrease of IgG concentration in calves with 

diarrhea suggests that special care must be given to 

neonatal calves to make sure that they receive 

adequate colostrum early in life soon after 

parturition up to 12 hrs. It can be recommended 

that additional studies are required to define the 

optimal cutoff of the concentration of lysozyme in 

infectious and non-infectious diarrhea. Also, 

further investigations are needed for studying drugs 

resistance gene for every infectious cause for 

definite therapy, where the absence gene 

expression give signals for the successful function 

of treatments. 
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