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Abstract

One issue that intensive farming has to deal with is neonatal calf diarrhea, and probiotics are seen to be a viable
solution to improve the health of calves. The aim of this study was to assess the effects of short-term admin-
istration of an antibiotic or probiotic to diarrheal calves on total leukocytic count, serum bactericidal activity,
and phagocytosis, as well as to identify potential bacteria that may cause calf diarrhea in early life stages. 55
diarrheal calves, ranging in age from 1 to 20 days, were sampled for feces at a private dairy farm in the Sharkia
governorate. E. coli, Salmonella spp., and Clostridium species were among the isolated bacteria, with preva-
lence rates of 58.2%, 8%, and 12%, respectively. The 026, O111, 0119, 0128 and O125 serogroups of E. coli
isolates were the identified serotypes. While S. Typhimurium and S. Enteritidis were the recovered Salmonella
serotypes. The results of the polymerase chain reaction (PCR) showed that the inv4 gene was amplified in the
four Salmonella isolates but the phoA gene was amplified in all E. coli isolates. Since only the alpha toxin gene
was present in each isolate of C. perfringens, they were all type A. Antibiogram test results showed that most
isolated species were multi-drug resistant to the ten commonly used antibiotics. On the other hand, isolates of
E. coli, Salmonella, and Clostridium that demonstrated sensitivity for amoxicillin with percentages of 93.3%,
100%, and 66.7%, respectively, represented the medicine that was most successful. Regardless of infection,
probiotic or antibiotic treatment, the total leukocytic count values in all diarrheal calves were considerably
greater than those in the control group. Serum bactericidal activity in probiotic-treated calves was significantly
higher than in the control and antibiotic-treated groups, while it was significantly lower in the antibiotic-treat-
ed group. Calf polymorphonuclear leukocytes treated with antibiotics or probiotics had considerably increased
phagocytic activity than the control group. In conclusion, probiotics supplementation is an effective strategy
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INTRODUCTION

Calf diarrhea has been recognized as a serious disease due
to its detrimental impact on the cattle industry (Cho and Kyo-
ung-Jin, 2014). One of the most typical disorders recorded in
calves up to three months old is calf diarrhea; a multifactorial
disease entity that can have major financial and animal welfare
repercussions in both dairy and beef sucker herds. Salmonella
spp., and Escherichia coli are the most prevalent and significant
economically among the bacterial causes of diarrhea in newborn
food animals. Additionally identified bacteria involve species of
Campylobacter and Clostridium perfringens (Muktar et al., 2015).
Although there are many potential causes of calf diarrhea, Kumar
et al. (2012) believe that bacterial infections account for more
than 50% of occurrences in newborn calves. A Gram-negative,
mobile, facultative anaerobic bacteria called E. coli. Enterotoxi-
genic Escherichia coli (ETEC) and Enterohemorrhagic Escherich-
ia coli (EHEC) are the pathogenic E. coli strains that can cause
diarrhea (Mohammed et al, 2019). According to Jenkins et al.
(2003) and Lin et al. (2011), the most significant serogroups of
E. coli that cause disease in humans and animals are 0157, 026,
0111, 0145, 091, 0119, 0121, and 0128, which are primarily
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associated with STECs (STECs that produce the shiga toxin). Sal-
monella is also a Gram-negative facultative anaerobic bacteria,
which cause infections associated with clinical symptoms such as
diarrhea, septicemia and extraintestinal infections affecting dif-
ferent organs (Berge et al,, 2008; Huang et al., 2018) Salmonella
harbored The invA gene which represents a standard gene in its
diagnosis of Salmonella because it is only found in Salmonella
species (O'Regan et al., 2008). While C. perfringens generally lives
in a healthy gut microbiota, stressors like fasting and prolonged
use of anthelmintics and antibiotics increase the pathogenicity of
the organism, which can lead to a variety of illnesses such enteric
infection, food poisoning, and enterocolitis. According to their
capacity to assemble the following main toxins: alpha (o), beta
(B), epsilon (¢) and iota () (Freedman et al, 2015; Heida et al.,
2016; Navarro, 2018), C. perfringens strains were divided into five
groups from (A to E). The failure of transfer or partial failure of
transfer of passive immunity is more common in calves with diar-
rhea, and bacteremia is more common in these calves. According
to Thomas et al. (2004), 20% to 30% of calves with diarrhoea or
systemic sickness have bacteremia, primarily with E. coli.
Although calf diarrhoea is frequently treated with antibiotics,
their effectiveness is debatable (Kim et al., 2021). Additionally, the

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
ISSN: 2090-6277/2090-6269/ © 2011-2023 Journal of Advanced Veterinary Research. All rights reserved.




Gehan M. Alsadik et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 7, 1288-1293

use of antibiotics has been shown to have a deleterious effect on
the microbial makeup of the calf gut (laniro et al.,, 2016; Ramirez
et al, 2020). Lactic acid bacteria (LAB) may be used as an alter-
native treatment as the use of antibiotics for the prevention of
infections in animals should be avoided (Bujnakova et al., 2014). It
is promising to employ probiotics to cure neonatal calf diarrhoea.
The balance of intestinal flora is supported by probiotics, which
also prevent pathogenic bacteria from adhering to and invad-
ing the epithelium and create antimicrobial compounds that are
toxic to both Gram-positive and Gram-negative bacteria (Rolfe,
2000).

Although calf diarrhoea is frequently treated with antibiotics,
their effectiveness is debatable (Kim et al,, 2021). Additionally, the
use of antibiotics has been shown to have a deleterious effect on
the microbial makeup of the calf gut (laniro et al.,, 2016; Ramirez
et al, 2020). Lactic acid bacteria (LAB) may be used as an alter-
native treatment as the use of antibiotics for the prevention of
infections in animals should be avoided (Bujnakova et al. 2014). It
is promising to employ probiotics to cure neonatal calf diarrhoea.
The balance of intestinal flora is supported by probiotics, which
also prevent pathogenic bacteria from adhering to and invad-
ing the epithelium and create antimicrobial compounds that are
toxic to both Gram-positive and Gram-negative bacteria (Rolfe,
2000). Therefore, this study was undertaken to evaluate the ef-
fectiveness of probiotics in the prevention and treatment of E.
coli-induced calf diarrhea.

MATERIALS AND METHODS

All animal testing was done in accordance with the regu-
lations set forth by the Agriculture Research Centre of Egypt's
animal health research institute. From October through Decem-
ber of 2021, feces were collected from a private dairy farm in
the Sharkia governorate. From calves 1 to 20 days old, 55 fecal
samples were taken. In a nutshell, sterile cotton swabs were used
to collect each fecal sample from the rectal-anal junction (RAJ).
Swabs with fecal samples were put in a 15 ml conical tube on ice
and transferred within an hour to the laboratory of the animal
health research institution for additional processing. As previous-
ly mentioned (Fan et al., 2020), swab samples were suspended
in a mixture of 2 ml of Luria-Bertani (LB) broth and 2 ml of 30%
glycerol.

A commercial version of Lactobacillus acidophilus is called
Lacteol Fort. The lactobacilli (Lactobacillus delbruekii and Lacto-
bacillus fermentum; Rameda, Egypt) are 10 billion each sachet.

Synulox is a ready-to-use suspension for injection from Haupt
Pharma that contains 140 mg/ml of amoxicillin and 35 mg/ml
of potassium clavulanate for Zoetis Italy. MOH Registration No.
1532A/2010.

Experimental Design

Twenty calves were kept in individual hutches for housing as
part of clinical research that was randomized. The control group
(C, n.= 5) consisted of five calves which appeared healthy and
had no evidence of diarrhoea, whereas the other fifteen calves
had moderate diarrhoea (based on the findings of clinical indica-
tors). Five calves were left untreated and served as the infected
group (I, n.=5). Five other calves were treated with Synulox (7.0
mg amoxicillin, 1.75 mg clavulanic acid) as the recommended
dosage rate is 8.75 mg/kg bodyweight, equivalent to 1 ml of sus-
pension per 20 kg bodyweight treatment by intramuscular route
once/24 hours for at least three days (A, n.=5), and the remaining
five calves served as the probiotic group (P, n.= 5) and were given
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Lacteol Fort 3 sachets daily for three consecutive days (Abd-El-
rahman, 2011).

Sampling for bacteriological examination

Fecal samples were transported to the lab in an ice chest and
either cultured that day or refrigerated at 4°C for culture. Sam-
ples were streaked on MacConkey agar and separated into lac-
tose fermenters and non-lactose fermenters for bacteriological
analysis in order to isolate E. coli and Salmonella. Each lactose
fermenter sample was divided into one colony, which was then
streaked on eosin methylene blue agar and incubated at 37°C
in sterile distilled water. On the surface of the XLD (xylose-ly-
sine-deoxycholate agar), non-lactose fermenters were streaked.
C. perfringens was isolated anaerobically at 37°C for 24 hours us-
ing GasPakTM (Oxoid Limited, Thermo Fisher Scientific Inc., UK)
and a cooked beef medium (Becton, Dickinson and Company,
USA). These were then splattered on a surface of 5-10% sheep
blood agar that contained 200 g/mL neomycin (Knoeman et al,
1992).

Using protocols published by Quinn et al. (2002), the isolation
and identification of E. coli, Salmonella, and Clostridium species
from the collected samples were confirmed based on their mor-
phological, culture, and biochemical properties. At the Serolo-
gy Unit, Animal Health Research Institute, Dokki, Giza, Egypt, we
used commercial antisera (Difco, Detroit, MI, USA) in accordance
with the manufacturer’s instructions to perform serological iden-
tification of E. coli and Salmonella isolates.

Antimicrobial susceptibility testing

The antimicrobial susceptibility of the isolates was assessed
using Mueller Hinton agar plates and commercial antibiotic discs
(Oxoid, Basingstoke, Hampshire, England, UK) using the agar disc
diffusion method, as described by Markey et al. (2013). The pa-
rameters outlined in the CLSI recommendations were used to in-
terpret the sizes of the inhibition zones (CLSI, 2019).

Polymerase chain reaction procedure

The QlAamp DNA Mini kit (Qiagen, Germany, GmbH) was
used to extract DNA from samples, with some modifications
made to the manufacturer’s instructions.

Table 1 lists the primers that were provided by Metabion
(Germany). Primers were used in a 25-pl reaction that contained
12.5 pl of Emerald Amp Max PCR Master Mix (Takara, Japan), 1 pl
of each primer at a concentration of 20 pmol, 5.5 pl of water, and
5 pl of DNA template for the PCR amplification necessary to con-
firm the isolates. Thermal cycler 2720 from Applied Biosystems
was used to carry out the process.

A 50- pl reaction including 25 pl of Emerald Amp Max PCR
Master Mix (Takara, Japan), 1 pl of each primer at a concentration
of 20 pmol, 12 pl of water, and 5 pl of DNA template was used
to perform a multiplex PCR for the detection of C. perfringens
toxins. Thermal cycler 2720 from Applied Biosystems was used to
carry out the process. PCR amplification products were examined
using an agarose gel electrophoresis.

Blood Sampling and immunological parameters

Jugular venipuncture was used to collect three blood samples
following therapy (Radostits et al.,, 2000). 5 ml of blood in plas-
tic tubes containing EDTA were used to calculate the total leu-
kocyte count. Until processing, samples were stored at 4°C. For
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Table 1. Oligonucleotide primers and cycling protocols for specific genes of the isolated bacteria

PCR Amplification (35 cycles) Final exten-
Target gene Primers sequences Product . References
(bp) denaturation  Annealing  Extension sion
Aloha toxi GTTGATAGCGCAGGACATGTTAAG 200 b
pha toxin CATGTAGTCATCTGTTCCAGCATC P
Betd toxi ACTATACAGACAGATCATTCAACC 236 b
eta toxin TTAGGAGCAGTTAGAACTACAGAC P 94°C 55°C 72°C 72°C Yoo et al.
Epsilon toxi ACTGCAACTACTACTCATACTGTG 541 b 30 sec. 40 sec. 45 sec. 10 min. (1997)
psion foxin CTGGTGCCTTAATAGAAAGACTCC P
Jota toxi GCGATGAAAAGCCTACACCACTAC 3170
ota toxin GGTATATCCTCCACGCATATAGTC P
TCATCGCACCGTCAAAGGAACC . . . . .
f;’vl;”””"”” TCATCGCACCGTCAAAGGAACC 284 bp 3%4550 Sffsecc 33)2550 7712n 1?1 01181535; al.
GCGGGACGCATCATCTCATA : : : :
E. coli CGATTCTGGAAATGGCAAAAG 120 94°C 55°C 72°C 72°C Hu et al.
phod CGTGATCAGCGGTGACTATGAC P 30 sec. 40 sec. 45 sec. 10 min. (2011)

the purpose of measuring phagocytic activity, 5 ml of blood was
received in heparinized tubes. An additional 5 ml of blood was
collected without the use of an anticoagulant, clotted at room
temperature for 20 minutes, spun at 3000 rpm for 10 minutes,
and then the clear, non-hemolyzed serum samples were separat-
ed and stored at 20°C until needed. Using a Neubauer counting
apparatus, a total leukocyte count was performed six hours af-
ter manual extraction (I6vine and Selva, 1985). Wilkinson (1977)
and Goddeeris et al. (1986) both provide descriptions of how to
determine the phagocytic activity of bovine polymorphonuclear
leukocytes (PMNL). By counting 100 phagocytes on each slide
while using a microscope, the phagocytic index (Pl) was calcu-
lated. A suspension of E. coli was adjusted for serum bactericid-
al activity by comparing it to 0.5 McFarland turbidity standards
(1.5x108 CFU). Five cycles of serial PBS dilution (1:10) were applied
to this bacterial suspension. In sterile microtubes, 20 pl of E. coli
suspension (fifth dilution) and 20 pl of calf serum were incubated
for 1 h at 37°C in order to measure the serum'’s bactericidal ac-
tivity. Following this procedure, 20 pl of the resulting suspension
was cultured in Mdller Hinton Agar, and plaques were incubated
overnight at 37°C, including a positive group made up of Mdller
Hinton Agar plates containing bacteria and PBS suspension rath-
er than calf serum (Kajita et al, 1990; Rao et al, 2006). After a
24-hour incubation period, the colonies from the resulting mix-
ture were counted on Muller Hinton Agar plates in duplicate (two
plates per sample) to determine the quantity of viable bacteria.
According to Magsood et al. (2010), the bactericidal activity of
the test serum was expressed as a ratio of colony forming units in
the test group to those in the control group.

Statical analysis

Utilizing SPSS software version 23, statistical analysis was per-
formed. The significant differences between the analyzed groups
(C, 1, P, and A) were examined using a one-way ANOVA test. Mul-
tiple comparisons between the averages of the various study
groups were made following the ANOVA test using the Duncan
test, where the averages denoted by the same letter are not sta-
tistically different from one another at the 0.05 probability level
(P).

RESULTS AND DISCUSSION

Incidence of E. coli, Salmonella and Clostridium isolates among the
examined samples

Out of 55 fecal samples collected from diarrheic calves, E. coli,

Salmonella and Clostridium species were recovered at 32 (58.2%),
4 (8%) and 6 (12%), respectively (Table 2). Among the examined
samples, 3 had mixed E. coli and Salmonella infection, 4 samples
had mixed E. coli and Clostridium infection. While none of the
samples had mixed Salmonella and Clostridium infection. Twen-
ty E. coli isolates were sero-grouped into 5 pathotypes, namely,
026, 0111, 0125, 0119, and O128. The predominant serogroups
were 026 and O125 (6 isolates each, 30%) followed by O111 (4
isolates, 20%) and 0119, 0128 (2 isolates each, 10%). Serotyping
of 4 Salmonella isolates revealed that 3 of the isolates belonged
to S. Typhimurium and one isolate belonged to S. Enteritidis sero-
type (Table 2). In agreement with the obtained results of the cur-
rent investigation, E. coli and Salmonella spp., were isolated from
fecal samples collected from diarrheic calves in Bangladesh (An-
sari et al,, 2014). Besides, Muktar et al. (2015) reported that Sal-
monella and Escherichia coli species are the most prevalent and
commercially significant bacterial causes of diarrhoea in newborn
food animals. Other causes for enteric illnesses in calf diarrhoea
include Clostridium perfringens and Campylobacter species. Neo-
natal calf diarrhoea may be brought on by non-infectious rea-
sons such inadequate colostrum intake, poor sanitation, stress,
crowding in the calf quarters, and cold weather.

Table 2. Recovery rates and serotypes of isolated bacteria.

Bacterial isolate Recovery rate Serotypes No. of isolates
026 6

0125
Ol111
0128

0119

E. coli 32 (58.2%)

S. Typhimurium

Salmonella S. Infantis

48%)

—_ W NN A~

N

Clostridium 6(12%) Clostridium perfringens

Antibiogram test of E. coli, Salmonella and Clostridium species iso-
lates

Results of antibiogram test demonstrated the occurrence of
multi-drug resistance in most of the isolated bacterial species re-
covered from diarrheic calves against the ten tested antibiotics. E.
coli isolates were resistant to the tested antimicrobials including
Sulfamethoxazole/trimethoprim, erythromycin, ampicillin, strep-
tomycin, ciprofloxacin, chloramphenicol, colistin and gentamycin
at 100%, 100%, 86.7%, 86.7%, 80%, 73.3%, 66.7%, and 60%, re-
spectively. While all recovered Salmonella spp. and C. perfringens
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isolates revealed absolute resistance (100%) to the same antimi-
crobials except for chloramphenicol (75%, and 83.3%) and genta-
mycin (50%, and 83.3%) in Salmonella species and C. perfringens,
respectively. On the other hand, amoxicillin represented the most
effective drug for the isolated E. coli, Salmonella spp., and Clos-
tridium spp., as the recovered isolates showed marked sensitivi-
ty for amoxicillin at 93.3%, 100%, and 66.7%, respectively (Table
3). Similarly, Constable (2004) demonstrated that on the basis of
published evidence for the oral administration of antimicrobial
agents, only amoxicillin can be recommended for the treatment
of diarrhea in calves. Likely, Ansari et al. (2014) reported that the
recovered E. coli and Salmonella spp., recovered from fecal sam-
ples collected from diarrheic calves in Bangladesh had a high
sensitivity towards ciprofloxacin, levofloxacin, azithromycin and
cefotaxime, and marked resistance against tetracycline.

Molecular detection of virulence and toxin producing genes in the
recovered bacteria

PCR was applied on 4 randomly selected E. coli isolates for
the detection of phoA gene and 4 Salmonella isolates for the
presence of invA gene and the results showed that the examined
genes were detected in all examined isolates. A multiplex PCR
protocol for the detection of C. perfringens toxins was performed
on the recovered 4 isolates and only the gene of alpha toxin was
amplified in all tested isolates as shown in Figs. 1-3. In accor-
dance with the obtained results of the present study, Liu et al.
(2022) reported that invA, phoA, and cpA are major virulence de-
terminants associated with Salmonella, E. coli, and C. perfringens
causing calf diarrhea.

Fig. 1. Agarose gel electrophoresis of phoA4 gene. Lanes (1-4): positive amplifi-
cation of target genes at 720bp. M: 100 bp DNA marker. P: positive control. N:
negative control.

Table 3. Antibiotic sensitivity profile of isolated bacteria.

7. 5 ke 32 [

o —

Fig. 2. Agarose gel electrophoresis of inv4 gene. Lanes (1-4): positive amplifi-
cation of target genes at 284bp. M: 100 bp DNA marker. P: positive control. N:
negative control.

Fig, 3. Agarose gel electrophoresis of Alpha, Beta, Epsilon and lota genes.
Lanes (1-4): positive amplification of target genes at 402bp. L: 100 bp DNA
marker. P: positive control. N: negative control.

Immunological parameters

This study was extended in order to evaluate the protective
effects of either probiotics (Bacillus subtilis), or antibiotics (amox-
icillin) against cases of calf diarrhea reported in the present study.
Therefore, early immunological markers were examined to assess
the short course of treatment by the selected antibiotic or probi-
otic. Total leukocytic count has the potential for use as biomark-
ers of health and performance (Mohri et al., 2007; Roland et al.,
2014; Marcato et al., 2018). The total leukocytic count values in all

E. coli Salmonella C. perfringens
AMA / symbol P‘ngy (n=30) (n=4) (n=6)
S R S R S R

Amoxicillin (AX) 10 28 (93.3%) 28 (93.3%) 4(100%) 0 4(66.7%) 2(33.3%)
Ampicillin (AMP) 10 4 (13.3%) 4 (13.3%) 0 4(100%) 3(50%) 3(50%)
Colistin (CT) 10 10(33.3%) 10(33.3%) 0 4(100%) 0 6(100%)
Gentamycin (CN) 10 12(40%) 12(40%) 2(50%) 2(50%) 1(16.7%) 5(83.3%)
Streptomycin (S) 10 4(13.3%) 4(13.3%) 0 4(100%) 0 6(100%)
Amikacin (AK) 30 18(60%) 18(60%) 2(50%) 2(50%) 0 6(100%)
Chloramphenicol (C)) 30 8(26.7%) 8(26.7%) 1(25%) 3(75%) 1(16.7%) 5(83.3%)
Sulfamethoxazole + Trimethoprim (SXT) 25 0 30(100%) 0 4(100%) 0 6(100%)
Erythromycin (E) 15 0 30(100%) 0 4(100%) 0 6(100%)
Ciprofloxacin (CIP) 5 6(20%) 6(20%) 0 4(100%) 0 6(100%)
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Table 4. Immunological parameters of diarrheic calves treated with antibiotic and Probiotic.

WBCs

Serum bactericidal activity

Groups (x10%ml (percentage of CFU/control Phagocytic percentage Phagocytic percentage index
Control 6.50+0.28¢ 48.00£3.74 b 55.67+3.48b 2.19+0.18¢
Infected group 8.47+0.19b 62.00+£3.74 a 44.60+2.25¢ 1.8340.08¢c
Probiotic treated group 9.58+0.17a 26.00+2.45 ¢ 78.67+2.33a 3.350+0.21b
Antibiotic treated group 9.53+0.16a 72.00 a+5.83 88.00+2.31a 4.05+0.05a

Pr>F 0 0 0

Significant Yes Yes Yes Yes

Data are expressed as mean+S.E.

diarrheic calves whether treated or not were significantly higher REFERENCES

than that of the control group (p < 0.05). That may be a response
to infection as stated before (Malik et al., 2013) as diarrheic calves
due to E. coli showed a significant increase in total leukocytic
count than control. Treated groups were significantly higher in
total leukocytic count than infected groups. This agreed with
previous studies that reported an increased leukocytic count in
amoxicillin-treated sheep (Elmajdoub, 2014). This can be related
to amoxicillin-induced tissue damage (Hussain et al,, 2022). Be-
sides, Mousa et al. (2019) mentioned the potential immune-en-
hancing effects of probiotic supplementation in Barki lambs, but
Moslemipur et al. (2014) stated that there were no variations in
the hematological and biochemical parameters between probiot-
ic treated calves and the control group. Serum bactericidal activ-
ity in calves treated with probiotics was significantly higher than
that of other groups. Probiotics support the balance of intestinal
flora, inhibit epithelial adhesion and invasion by pathogenic bac-
teria, and produce antimicrobial substances that are inhibitory
to both gram positive and gram-negative bacteria (Rolfe, 2000).
Likely, Shehta et al. (2022) reported a significant decrease in total
protein, serum albumin in diarrheic calves compared to healthy
calves. Phagocytic activity of calf polymorphonuclear leukocytes
of groups treated with antibiotic or probiotic was significantly
higher than that of the control group. While phagocytic activity
of the infected group was significantly the lowest (Table 4). This
agreed with Zoltan (2018) who proposed that antibiotics’ admin-
istration can improve the phagocytic function of macrophages,
but Labro (2000) suggested that the presence of certain antimi-
crobial drugs may cause modifications in phagocyte and lympho-
cyte functions and reduce the production of pro-inflammatory
cytokines and oxidation processes. Species of lactic acid bacteria
have been suggested to promote host innate immune function
by influencing activity of phagocytic cells and modulating patho-
gen-induced inflammatory responses (Kotzamandis et al.,, 2010;
Marranzino et al., 2012).

CONCLUSION

The results of the present study showed that diarrheic calves
due to bacterial infection when treated with a short course of
probiotic (Bacillus subtilis) could significantly improve calves’ in-
nate immunity with minimum adverse effects compared with an-
tibiotic (amoxicillin) administration.

ACKNOWLEDGMENTS
We would like to acknowledge the great efforts and technical

support in the collection of samples provided by the Vet. Mo-
hamed Mostafa Ragab.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

Abd-Elrahman, A.H., 2011. Colibacillosis in Newly Born Buffalo Calves and
Role of Lacteol Fort in Preventing Recurrence of Calf Diarrhea.
Life Sci. J. 8, 4.

Ansari, ARM.I.LH., Rahman, M.M,, Islam, M.Z,, Das, B.C., Habib, A., Belal,
S.M.S.H., Islam, K., 2014. Prevalence and antimicrobial resistance
profile of Escherichia coli and Salmonella isolated from diarrheic
calves. J. Anim. Health Prod. 2, 12-15.

Berge, A.C.B.,, Thornburg, E., Adaska, J.M., Moeller, R.B., Blanchard, P.C,
2008. Antimicrobial resistance in Salmonella enterica serovar
Dublin from dairy source calves in the central San Joaquin Valley,
California (1998-2002). J. Vet. Diag. Invest., 20, 497-500.

Bujnakova, D., Strakova, E., Kmet, V., 2014. In vitro evaluation of the safety
and probiotic properties of Lactobacilli isolated from chicken and
calves. Anaerobe, 29, 118-127.

Cho, Y., Kyoung-Jin, Y., 2014. An overview of calf diarrhea - infectious
etiology, diagnosis, and intervention. J. Vet. Sci. 15, 1-17.
Constable, P.D., 2004. Antimicrobial use in the treatment of calf diarrhea.

J. Vet. Intern. Med. 18, 8.

CLSI, 2019. Performance Standards for Antimicrobial Susceptibility Test-
ing. 19th Informational Supplement M100. CLSI, Wayne, PA, USA.

Elmajdoub, A, Elgerwi, S., Awidat, E.S., EIMahmoudy, A, 2014. Effects
of amoxicillin repeated administration on the hemogram and
biogram of sheep. Inter. J. Basic Clin. Pharmacol. 3, 676.

Fan, P, Bian, B.L, Teng, L., Nelson, C.D., Driver, J.,, Elzo, M.A,, 2020. Host
genetic effects upon the early gut microbiota in a bovine model
with graduated spectrum of genetic variation. ISME J. 14, 302—
317.

Freedman, J.C,, Theoret, J.R,, Wisniewski, J.A., Uzal, F.A, Rood, J.I., Mc-
Clane, B.A., 2015. Clostridium perfringens type A-E toxin plasmids.
Res. Microbiol. 166, 264-279.

Goddeeris, B.M., Baldwin, C. L., Ole-MoiYoi, O., Morrison, W.l., 1986. Im-
proved methods for purification and depletion of monocytes
from bovine peripheral blood mononuclear cells. Functional eval-
uation of monocytes in responses to lectins. J. Immunol. Methods
89, 165-73.

Heida F.H., van Zoonen A.G.J.F., Hulscher J.B.F., 2016. A Necrotizing En-
terocolitis-Associated Gut Microbiota Is Present in the Meconi-
um: Results of a Prospective Study. Clin. Infect. Dis. 62, 863-870.

Hu, Q, Tu, J,, Han, X, Zhu, Y., Ding, C,, Yu, S., 2011. Development of mul-
tiplex PCR assay for rapid detection of Riemerella anatipestifer,
Escherichia coli, and Salmonella enterica simultaneously from
ducks. J. Microbiol. Methods 87, 64-69.

Huang, C,, Virk, S.M., Shi, J., Zhou, Y., Willias, S.P., Morsy, M.K., Abdelnab-
by, H. E., Liu, J., Wang, X, Li, J., 2018. Isolation, characterization,
and application of bacteriophage LPSE1 against Salmonella en-
terica in ready to eat (RTE) foods. Front. Microbiol. 9, 1046.

Hussain, Kh., Lashari, M.H., Farooq, U., Mehmood, T., 2022. Deleterious Ef-
fects of Amoxicillin on Immune System and Haematobiochemical
Parameters of a Rabbit. BioMed Res. Inter. 2022, 8691261.

laniro, G., Tilg, H., Gasbarrini, A., 2016. Antibiotics as deep modulators of
gut microbiota: between good and evil. Gut 65, 1906-1915.

I6vine, E, Selva, A.A., 1985. El laboratorio en la clinica: metodologia analiti-
ca, fisiopatologia e interpretacién semioldgica. 3ra edicion. Bue-
nos Aires. Argentina

Jenkins, C., Pearce, M.C,, Smith, AW., Knight, H.l,, Shaw, D.J., Cheasty, T.,
Foster, G., Gunn, G.J., Dougan, G., Smith, H.R., Frankel, G., 2003.
Detection of Escherichia coli serogroups 026, 0103, 0111 and
0145 from bovine feces using immunomagnetic separation and
PCR/DNA probetechniques. Lett. Appl. Microbiol. 37, 207-1.

Kajita, V., Sakai, M., Atsuta, S., Kobayashi, M., 1990. The immunomodula-
tory effects of levamisole on rainbow trout, Oncorhynchus mykiss.
Fish Pathology 25, 93-98.

Kim, H.S., Whon, TW.,, Sung, H., Jeong, Y.S., Jung, E.S., Shin, N.R,, 2021.

1292



Gehan M. Alsadik et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 7, 1288-1293

Longitudinal evaluation of fecal microbiota transplantation for
ameliorating calf diarrhea and improving growth performance.
Nat. Commun. 12, 161.

Knoeman E.W., Allen S.D., Dowell V.R., Summers HW., 1992. Color Atlas
and Text Book of Diagnostic Microbiology. 4% Ed., J.B. Lippin Cott,
New York, London.

Kotzamandis, C., Kourelis A., Litopoulou-Tzanetaki E., Tzanetakis N., Yian-
gou M., 2010. Evaluation of adhesion capacity, cell surface traits
and immunomodulatory activity of presumptive probiotic Lacto-
bacillus strains. Intern. J. Food Microbiol. 140, 154-163.

Kumar R, Verma AK, Kumar A, Srivastava M., Lal H.P., 2012. Prevalence
of Campylobacter spp. in Tegs attending veterinary practices
at Mathura, India and risk indicators associated with shedding.
Asian J. of Anim.Vet. Adv. 7, 754-760.

Labro, M.T., 2000. Interference of antibacterial agents with phagocyte
functions: Immunomodulation or “immuno-fairy tales"? Clin. Mi-
crobial. Rev. 13, 615-650.

Lin, A, Nguyen, L, Lee, T., Clotilde, L.M., Kase, J.A,, Son, |, Carter, J.M., Lau-
zon, C.R, 2011. Rapid O serogrouping of the ten most clinically
relevant STECs by Luminexmicrobead-based suspension array. J.
Microbiol. Methods 87, 105-10.

Liu, G, Kragh, M.L,, Aabo, S., Jensen, AN, Olsen, J.E,, 2022. Inhibition of
virulence gene expression in Salmonella Dublin, Escherichia coli
F5 and Clostridium perfringens associated with neonatal calf diar-
rhea by factors produced by lactic acid bacteria during fermenta-
tion of cow milk. Fron. Microbiol. 13, 828013.

Malik, S., Kumar, A., Verma, AK., Gupta, M.K,, Sharma, S.D., Kumar, A., Anu
Raha, 2013: Haematological Profile and Blood Chemistry in Diar-
rhoeic Calves affected with Collibacillosis. J. Anim. Health Prod.
1,10-14.

Magsood, S., Prabjeet, S., Munir Hassan Samoon, M.H., Khansaheb, B.A,
2010. Effect of dietary chitosan on non-specific immune response
and growth of Cyprinus carpio challenged with Aeromonas hy-
drophila. Inter. Aquatic Res. 24, 77-85.

Marcato, F., van den Brand, H., Kemp, B., van Reenen, K., 2018. Evaluating
potential biomarkers of health and performance in veal calves.
Front. Vet. Sci. 5, 133

Markey, B., Leonard, F., Archambault, M., Cullinane, A., Maguire, A, 2013.
Clinical Veterinary Microbiology. 2™ Ed., Mosby Elsevier.

Marranzino, G., Villena J., Salva S., Alvarez S., 2012. Stimulation of macro-
phages by immunobiotic Lactobacillus strains: influence beyond
the intestinal tract. Microbiol. Immunol. 56, 771-781.

Mohammed S.A.E., Marouf S.AE., Erfana A.M., El-Jakee J.K.A.E., Hessain
AM., Dawoud T.M,, Kabli S.A., Moussa .M., 2019. Risk factors as-
sociated with E. coli causing neonatal calf diarrhea. Saudi J. Biol.
Sci. 26, 1084-1088.

Mohri, M., Sharifi, K., Eidi, S., 2007. Hematology and serum biochemistry
of Holstein dairy calves: Age related changes and comparison
with blood composition in adults Res. Vet. Sci. 83, 30-39.

Mousa, S., Elsayed, A, Marghani, B, Ateya, A, 2019. Effects of supple-

1293

mentation of Bacillus spp. on blood metabolites, antioxidant sta-
tus, and gene expression pattern of selective cytokines in grow-
ing Barki lambs. J Adv Vet Anim Res. 6, 333-340.

Moslemipur, F., Moslemipur, F., Mostafaloo, Y., 2014. Effects of using pro-
biotic and synbiotic in colostrum and milk on passive immuno-
globulin transfer rate, growth and health parameters of calf. J.
Rumin. Res. 4, 56-62.

Muktar, Y., Mamo, G., Tesfaye, B., Belina, D., 2015. A review on major bac-
terial causes of calf diarrhea and its diagnostic method. J. Vet.
Med. Anim. Health 7, 173-185.

Navarro, A., 2018. Mechanisms of Action and Cell Death Associated Mau-
ricio with Clostridium perfringens Toxins. Toxins 10, 212-222.

Oliveira, S.D., Rodenbusch, C.R., Ce, M.C,, Rocha, S.L.S,, Canal, CW., 2003.
Evaluation of selective and non-selective enrichment PCR pro-
cedures for Salmonella detection. Lett. Appl. Microbiol. 36, 217-
221.

O'Regan, E., McCabe, E., Burgess, C., McGuinness, S., Barry, T., Duffy, G.,
2008. Development of a real-time multiplex PCR assay for the
detection of multiple Salmonella serotypes in chicken samples.
BMC Microbiol. 21, 156.

Quinn, J.P., Carter M.E.,, Markey B.K,, Carter G.R., 2002. Clinical Veteri-nary
Microbiology. 4th ed. Harcourt Publish-ers Ltd., LonTen, UK. pp.
61-63

Radostits, O.M., Mayhew, 1.G., Houston, D.M., 2000. Veterinary clinical ex-
amination and diagnosis. WB Saunders. pp. 299-349

Ramirez, J., Guarner, F., Fernandez, L. B., Maruy, A, Sdepanian, V. L., and
Cohen, H., 2020. Antibiotics as major disruptors of gut microbio-
ta. Front. Cell. Infect. Microbiol. 10, 572912.

Rao, Y.V, Das, B.K, Jyotyrmayee, P., Chakrabarti, R., 2006. Effect of Achy-
ranthes aspera on the immunity and survival of Labeorohita in-
fected with Aeromonas hydrophila. Fish Shellfish Immunol. 20,
263-273.

Roland, L., Drillich, M., lwersen, M., 2014. Hematology as a diagnostic tool
in bovine medicine J. Vet. Diagn. Invest. 26, 592-598

Rolfe, R.D., 2000. The role of probiotic cultures in the control of gastroin-
testinal health. J. Nutr. 130, 396- 402.

Shehta, A., El-Zahar, H., Mansour, A, Mustafa, B, Tarek Shety, T., 2022.
Clinical, hematological and some biochemical alterations during
diarrhea in Friesian calves naturally infected with E. coli and Sal-
monella. Beni-Suef Univ. J. Basic Appl. Sci. 11, 128.

Thomas, E., Roy, O., Skowronski, V., 2004. Comparative field efficacy study
between cefquinome and gentamicin in neonatal calves with clin-
ical signs of septicaemia. Revue Méd. Vét. 155, 489.

Wilkinson, P.C., 1977. Techniques in Clinical Immunology. Edited by
Thompson A., RA. Publication UAS. p201.

Yoo, H.S., Lee, S.U., Park, K.Y., Park, Y.H., 1997. Molecular typing and ep-
idemiological survey of prevalence of Clostridium perfringens
types by multiplex PCR. J. Clin. Microbiol. 35, 228-232.

Zoltan, F., 2018. Antibiotics—immune system interactions. Nature Immu-
nol. 19, 99.



