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This work compared the antibacterial activity and in vivo effects of nitazoxanide and tylosin against infected
broilers with antibiotic resistant Clostridium perfringens field strain to control necrotic enteritis disease. Both in
vitro and in vivo assessment studies were used. Firstly, C. perfringens was isolated with a total rate of 46% from
liver and intestine samples of diseased broilers. By using PCR molecular typing all tested isolates were type A
(produced only alpha-toxin (cpa virulence gene)) and included Bla and tetK (resistant genes). Using antibiotic
sensitivity test they showed multi-drugs resistance against amoxiclave, tetracycline, gentamicin, clindamycin,
sulphamethoxazole-trimethoprim and cefoxitin. Minimal inhibitory and bactericidal concentrations (pg/ml)
were 0.4 and 12 for nitazoxanide and 0.7 and 49 for tylosin respectively. Then, a total of 90 one-day-old-chicks
were divided into 6 groups; G1: negative-control, G2: infected-control, G3: non-infected (nitazoxanide 15.4 mg/
kg body weight), G4: non-infected (tylosin 20 mg/kg body weight), G5: infected-nitazoxanide (15.4 mg/kg),
and G6: infected-tylosin (20 mg/kg). Treatments lasted for 5 days in drinking water. No adverse effects on liver
or kidney parameters were recorded in non-infected treated groups. Both treatments overcome the infection
signs, C. perfringens count and revealed a significant improvement in most of inflammatory and biochemical
parameters to their normal levels especially, G5 reflected a significant increase in total protein, albumin, globulin
while reduced alanine and aspartate aminotransferase and gamma-glutamyl transferase activities, C-reactive
protein, uric acid, and creatinine levels than G2. Finally, nitazoxanide revealed a significant anti-clostridial activ-
ity as tylosin for the control of necrotic enteritis in broilers.
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Introduction

Necrotic enteritis (NE), one of chief wide-reaching bacterial enter-
ic diseases of chickens, caused a critical economic sufferer that threat
the poultry production through medication cost, poor growth perfor-
mances or sudden death with mortality rates up to 50% (Salem et al,
2021; Abd El-Hack et al.,, 2022). Clinical cases of NE have been reported
in variable frequencies in commercial chickens either reared in cages or
floor pens. It observed primarily in broiler chicks (2 to 5 weeks of age),
besides older pullets and layers (Elkomy et al., 2019). Multi-predisposing
factors promoted its outbreaks incidence as; coccidiosis, interdiction the
antibiotics prophylactic use in feeds besides ration components factors
that increased the intestinal viscosity (Kasab-Bachi, 2017). NE caused by
excessive growth of commensally colonized intestinal Clostridium perfrin-
gens bacteria, anaerobic Gram-positive spore-forming non motile bacilli,
that usually types A or C and rarely type D. It was also established in soil
and sewage. C. perfringens is associated with different clinical infestations
in animals and humans. Its types, virulence and pathogenicity depend
mainly on its produced potent protein toxins and extracellular enzymes
which proliferate in intestinal tract causing neurologic, histotoxic and in-
testinal infections ranging from subclinical signs to serious disease that
threat life (Gohari et al., 2021; Kronfold et al., 2022). These virulence genes
are responsible for hydrolysis of membrane phospholipids and restrain
leukocytes from entering to the infected tissues and suppress the im-
mune response (Fu et al,, 2022). C. perfringens is categorized into five
types (A, B, C, D, and E) mainly according to their produced major lethal
toxins (Alpha, beta, epsilon and iota) which are encoded by cpa, cpb, etx

and itx genes respectively (Rood et al, 2018). C. perfringens uses chro-
mosomally encoded alpha toxin and perfrinolysin to induce its histotoxic
and intestinal disease form. As well, some of C. perfringens strains type A
produce an enterotoxin that induced the food poisoning symptoms and
gastrointestinal illness in humans (Uzal et al., 2014).

Recently, the excessive and uncontrolled uses of various antibiotic
classes lead to resistance in the normal enteric flora including C. perfrin-
gens resistance. Hence, some clinical outbreaks revealed no respond to
certain treatments and there are many concerns about the potential risk
of drug-resistant C. perfringens transmission from animals to humans.
By increasing awareness of banning antibiotic growth promoters, treat-
ment failure and rising of antimicrobial resistance (AMR); monitoring of
C. perfringens isolates (EI-Nagar et al., 2022) besides, penetrating efficient
therapeutic alternatives were considered as a critical need in controlling
of NE (Nasr El-Deen et al., 2019; Hussein et al., 2020).

Nitazoxanide (NTZ), approved drug from the Food and Drug Ad-
ministration (FDA), originally developed as an anti-protozoal, was subse-
quently found to be effective with a good safety profile broad anti-infec-
tive agent with diverse pharmacological properties (Odingo et al,, 2017;
Ahmed et al., 2021). Hence, it has received ample attention in the field of
drug discovery and drug development. NTZ has a lethal effect on anaer-
obic bacteria via blocks critical components of their energy metabolism.
It inhibits the bacterial pyruvate ferredoxin/flavodoxin oxidoreductase
(PFOR) enzyme-dependent electron transfer reaction, besides reduction
of the nitro group (Hoffman et al., 2007). It also inhibits C. difficile vitamin
cofactor of PFOR (Devasahayam et al., 2010).

Subsequent oral uptake of the pro-drug, NTZ, is absorbed from
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the gastrointestinal tract and revealed an excellent bioavailability (Bal-
deras-Acata et al, 2011), with double absorption when taken with food
(Stockis et al., 2002a). Resistance against NTZ is delayed and it renders as
a good alternative to metronidazole and benzmidazoles to avoid their
mutagenicity and resistance that could become a problem especially
with the prospective zoonotic pathogens (Hemphill et al., 2006). As well,
in vitro efficacy of NTZ and tizoxanide is much greater than metronida-
zole. Regarding to NTZ uses and administration in chickens, Antonya et
al., (2020) recorded its positive anti-newcastle viral effect in two-week
old chickens given intramuscularly at 12.5 pM post 72 h, besides its im-
mune-modulatory effects.

Macrolide antimicrobials are a group of structurally similar com-
pounds where tylosin is considered as one of extensive clinically used
member of this class (Wijayanti et al.,, 2022). They may be bactericidal or
bacteriostatic, rely on its concentration and type of treated bacteria. Their
actions induced through reservation of bacterial protein translation and
synthesis by means of reversible binding to their 23S rRNA of the 50S
ribosomal subunit and induce the dissociation of peptidyl-tRNA from the
ribosome; consequently, this action interfere with the translocation reac-
tion necessary for RNA-dependent protein synthesis in treated bacteria
(Gaynor and Mankin, 2005). Tylosin lessened the prevalence of C. perfrin-
gens enterotoxaemia mortalities (Vissiennon et al, 2000). Post banned
its use as growth promoter in 1999 by the European Union and nation-
al legislation, NE outbreaks and therapeutic antimicrobials usage raises
(Casewell et al., 2003). Therefore, tylosin tartrate, a drinking water form, is
used as a one of vital antimicrobials (OIE, 2004). Various oral bioavailabil-
ity were reported for tylosin depending on its form, to be relatively low
(8-12%) in turkey (Po ‘zniak et al, 2021), (13.74 -27.0%) (Ji et al., 2014),
(30.7-34%) (Kowalski et al., 2002) in chickens, (35.4 - 40.6%) (Abu-Basha
et al, 2012), 89.2% (Aboubakr and Elbadawy, 2017) and 90.29% (Soliman
and Sedeik, 2016) in broilers.

Nowadays, macrolide resistance has also remained an escalating
problem in food animals (Das et al, 2020). Using of tylosin was stated
to raise revival of erythromycin-resistant enterococci (Samanta and Ban-
dyopadhyay, 2020), macrolide-resistant Campylobacter spp. in animals,
especially C. jejuni in poultry (Burton et al., 2016), besides the acquired re-
sistance that latently amplified in human pathogenic strains isolated from
animals. Also, cross-resistance among macrolides, lincosamids and strep-
togramin group B antibiotics is known to occur (Schwarz et al., 2006).

To the best of our knowledge, there was a scarcity in studies con-
ducted on the in vivo effect of NTZ on broilers against experimental in-
fection of C. perfringens caused necrotic enteritis. Therefore, the current
trial was carried out to assess its efficacy through a comparative study of
the antibacterial activity of NTZ and tylosin against antibiotic resistant
field strains of C. perfringens type A that previously isolated from appar-
ently diseased broilers and identified their virulence and resistance genes
using PCR molecular typing. Also, this study detected the antimicrobial
resistance pattern of some of the obtained isolates to commonly used

antimicrobials and defined NTZ and tylosin minimal inhibitory and bacte-
ricidal concentrations (MIC and MBC). Furthermore, this study evaluated
the in vivo effects of NTZ and tylosin on clinical symptoms, mortalities, C.
perfringens count, biochemical alterations; C-reactive protein, non-spe-
cific immunity, besides some of hepatic and renal function profiles of
non-infected and infected broilers.

Materials and methods
Sample collection, isolation and identification

Samples were collected from the liver and small intestine (n = 50) of
apparently diseased broilers that showed NE signs (depression, reduced
mobility, and diarrhea) at age of 2-3 weeks from different poultry farms in
El-Gharbia Governorate, Egypt. Suspected diseased broilers were trans-
ferred under aseptic condition in an ice box to eviscerate in the Animal
Health Research Institute (Tanta branch) where required organs were col-
lected from cases of NE post mortem lesions (distended small intestine
by gases with degenerated mucosa).

Five grams of each sample were added to 5ml of PBS (Phosphate
buffer saline) in sterile mortar and this suspension was added to a tube
that contained cooked meat broth and heated to 65°C for 10 min in order
to select bacterial spores. Then the tubes were incubated for 24 h/37°C
in anaerobic CO, condition. In the next step each sample was streaked by
sterile loopful on already prepared blood agar supplemented with sheep
blood 10% and incubated for 18 h/37°C under anaerobic condition. The
circular disordered flat and bright colonies were indicative for presence
of Clostridium (Doosti and Mokhtari-Farsani, 2014).

Gram Stain was used as a method of differentiating bacterial spe-
cies into two large groups Gram-positive and Gram-negative. Films from
suspected pure cultures were stained with Gram stain (Cruickshank et al.,
1975) and examined microscopically.

Suspected colonies were chemically identified by sugar fermentation,
gelatin liquefaction, indol, oxidase tests and action on litmus milk (Mac-
faddin, 2000).

Molecular typing of C. perfringens isolates using multiplex PCR

Two pure isolates of C. perfringens were randomly selected and typed
in the Reference Laboratory for veterinary Quality control on Poultry pro-
duction (RLQP), at the Animal Health Research Institute using multiplex
PCR targeting alpha, beta, epsilon and iota toxins genes (Table 1), by us-
ing Midland Certified Reagent Company-oilgos (USA).

The used drugs

Nitazoxanide antibiotic (Nitazode, each 5ml contain 100mg nitazox-
anide base), manufactured by Al Andalous for Pharmaceutical Ind., Egypt

Table 1. Target genes, oligonucleotide primers sequences, amplicon sizes and cycling conditions for molecular typing of C. perfringens isolates using multiplex PCR.

Toxin Sequence Amplified product Reference
Alpha toxin GTTGATAGCGCAGGACATGTTAAG 402b
phato CATGTAGTCATCTGTTCCAGCATC P
Beta toxin ACTATACAGACAGATCATTCAACC 236 b
x TTAGGAGCAGTTAGAACTACAGAC P
YOO et al. (1997)
Epsilon toxin ACTGCAACTACTACTCATACTGTG 5411
P CTGGTGCCTTAATAGAAAGACTCC p
Tota toxin GCGATGAAAAGCCTACACCACTAC 317b
x GGTATATCCTCCACGCATATAGTC P
ATGAAAGAAGTTCAAAAATATTTAGAG .
bla TTAGTGCCAATTGTTCATGATGG 780 bp Catalan et al. (2010)
tetk TTATGGTGGTTGTAGCTAGAAA 382 bp Gholamiandehkordi et al. (2009)

AAAGGGTTAGAAACTCTTGAAA
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and tylosin antibiotic (TyloGerm, W.S.P. each 1 g contains 540.96 mg of
tylosin tartrate equivalent to 500 mg of tylosin base) manufactured by
Royal Link Pharma for FG for Trading and Veterinary supplies were used
in this study.

In vitro antibacterial activity tests
Antimicrobial susceptibility test (AST) assay

AST of isolates were applied using the disk diffusion method on
Mueller Hilton agar according to the guidelines of CLSI (2018) for an-
aerobic sp. From six different families of commonly used antibiotics in
the field; B-lactamases-inhibitors, tetracyclines, aminoglycosides, lincos-
amides, folates-inhibitors, and cephalosporin; 6 standard discs (Oxoid
Basingstone, UK) namely amoxiclav AMC (30pg), tetracycline TE (30ug),
gentamicin GEN (10ug), clindamycin DA (2ug), sulphamethoxazole-tri-
methoprim (Cotrimoxazole) COT (25ug) and cefoxitin FOX (30ug) were
utilized. Results of antibiogram resistance patterns of isolates were cat-
egorized by measuring the inhibition zone diameter (IZD) in millimeters
(mm) according to Alimolaei et al. (2015). Multiclass resistance was de-
fined as resistance to three or more antimicrobial classes.

The antibacterial activity of NTZ and tylosin against C. perfringens
was assessed using well diffusion method (CLSI, 2018; 2021), where drugs
were placed into C. perfringens inoculated agar. After anaerobic incuba-
tion at 37°C/24h, the inhibition zones diameters (IZD) were determined
in (mm). Each antimicrobial assay was performed simultaneously in trip-
licate.

MIC and MBC values of NTZ and tylosin

The MIC as a quantitative bioassay was determined by using a mi-
cro-broth dilution test in a 96-well microplate using standard procedures
(Rotilie et al,, 1975; CLSI, 2018) for anaerobes. A solution of 25 mg/ml
concentration for NTZ and tylosin were twofold serially diluted through-
out wells till 0.00019 mg/ml. Both negative (sterile well, only drug without
bacteria) and positive (growth well, only bacteria without drug) controls
were included. Referring to the results of the MIC assay a loopful, from
each clear well was subcultured on specific agar plates, then observed
for growth. The lowest concentration that inhibited visible growth and
showed no turbidity was recorded as the MIC and the lowest concen-
tration showing no growth was recorded as the minimum bactericidal
concentration (MBC). The experiment was performed in duplicate. Stan-
dardized guidelines to interpret tylosin MIC values for C. perfringens are
not well established (Kasab-Bachi, 2017). Hence, we used, where avail-
able, the interpretive criteria and breakpoints available in the published
literature (Giguere, 2006); tylosin tartrate (S < 0.5,1 =1-4,R > 8).

In vivo assessment of the used drugs
Experimental design

A total of 100 one-day-old broiler chicks were purchased from a pri-
vate farm. Then, the livers of 10 chicks were tested bacteriologically to
ensure that they are free from any systemic C. perfringens infection. The
remaining 90 chicks were divided into 6 groups (15 birds/group); G1: neg-
ative control, G2: positive control infected orally with C. perfringens type
A (1x108 CFU/ml/chick), G3: non-infected treated with (nitazoxanide 15.4
mg/kg body weight) and G4: non-infected treated with (tylosin 20 mg/
kg b.wt), G5: infected and treated with (nitazoxanide 15.4 mg/kg b. wt)
and G6: infected and treated with (tylosin 20 mg/kg b. w). All groups had
the same management and vaccination with free access to rations and
water. At the 15™ day of age, broilers were inoculated orally with one of
our PCR confirmed field strain isolated in the current study, C. perfringens
type A, at a dose equivalent to 2ml of 108 CFU (Eid et al., 2020); the dose
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adjusted with reference to 0.5 McFarland Standard with approximate cell
density of 1.5 x 108 CFU/ml. Broilers were observed daily for morbidity,
mortality, clinical signs, and necropsy finding. Post the appearance of NE
clinical symptoms in the infected groups, at the 18th day of age (three
days post inoculation), daily freshly prepared medications were given to
treated groups in the morning hour of each day for 5 consecutive days till
the 22" day of age using the pulse dosing technique, where birds were
deprived from water for one hour then therapeutic drugs dissolved in ad-
equate amount of drinking water that enough to 2-3 h of consumption,
as one shot dose, to insure the consumption of the whole treatment dose.
NTZ was used at a dose of 50 pM equal to (15.4 mg/kg of body weight/
day) according to Antonya et al. (2020). Meanwhile, tylosin was used at
a dose of (20 mg/Kg of body weight/day) according to Ribeiro (2020)
and the recommended commercial dose. The experiment lasted until the
32 day of age. The experiment was carried out in accordance with the
guidelines set by the Egyptian Ethics Committee and the NIH of Research
Ethics Committee for environmental and clinical studies at Animal Health
Research Institute (AHRI) for the Care and Use of Laboratory Animals.

Sampling
Blood samples

On the 23" and 32" day of age corresponding to post-treatment
(PT) period and at the end of the study respectively blood samples were
collected from the wing vein (5 bird/group) for serum in a clean dry cen-
trifuge tube without anticoagulant for biochemical analysis which includ-
ed alanine and aspartate aminotransferase (ALT and AST) (Reitman and
Frankel, 1957) and Gamma-glutamyl transferase (GGT) activities (Szasz et
al., 1974), total protein (TP) (Gornall et al., 1949), and albumin (Doumas
et al, 1971) levels. Globulin was detected by subtraction of albumin value
from TP. C reactive protein as one of the anti-inflammatory parameters
was determined (Macleod and Avery, 1941). For kidney function evalua-
tion, uric acid (Fossati et al.,, 1980) and creatinine (DI Giorgio, 1974) were
estimated. All tests were determined using commercial kits (Spectrum
and Egy Chem, Egypt).

Liver and intestine samples for C. perfringens count

Post treatment, for C. perfringens re-isolation and count; 1 g of small
intestine and liver from all groups (3 broilers/group) were collected under
aseptic conditions and followed the guidelines and recommendations of
ISO (1997).

Statistical analysis

Experimental data were assessed by One-way analysis of variance
(ANOVA), Duncan Multiple Range post-hoc analysis test using IBM SPSS
software statistical program (version 23.0) for comparison of means at
significance level (P < 0.05). Data were expressed as mean+SE (standard
error) when (n=5).

Results

Identification of pure suspected colonies of C. perfringens isolates

On sheep blood agar colonies appeared raised, rounded, smooth,
glistening and showed double zones of hemolysis. Microscopically, Gram
stained smears from these colonies, revealed gram positive, short bacil-
li, straight with rounded ends and parallel sides. Biochemically, isolates
were negative for catalase, indole, urease tests while positive with gelati-
nase activity, lecithinase reaction, sugar fermentation tests (lactose, glu-
cose, sucrose and maltose).
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C. perfringens isolation incidence

From all tested samples 12 isolates were positive from the liver and
34 isolates from the intestine were identified phenotypically and bio-
chemically by bacteriological methods.

Molecular typing of C. perfringens strains by multiplex PCR (PCR amplifi-
cation)

Results showed that the tested two C. perfringens isolates were posi-
tive for alpha toxin virulence gene (cpa) only and produced amplicons at
402 bp, none of the isolates possessed beta, epsilon or iota toxin gene,
so they were considered C. perfringens type A (Fig. 1). Post detection of
antibiotic phenotypic resistance results of our AST, Bla and tetK antibiotic
resistant genes were detected in the tested samples at 780bp and 382bp
respectively (Fig. 2).

Fig. 1. Agarose gel electrophoresis of alpha, beta, epsilon or iota toxin gene of
C. perfringens. Lane (L): 100-1000bp DNA Ladder, Lane P: positive control
sample of C. perfringens, Lane N: negative control sample, Lane: 1-2: positive
amplification of alpha toxin at 402bp of tested sample but negative for beta,
epsilon and iota toxin.

Antimicrobial sensitivity test

AST of the all tested isolates of C. perfringens type A showed a

Fig. 2. Agarose gel electrophoresis of bla and tetK genes of resistant strain of
C. perfringens. Lane (L): 100-1000bp DNA Ladder, Lane P: positive control
sample of C. perfringens, Lane N: negative control, Lane: 1-2 : positive ampli-
fication of Bla gene at 780bp and fetK gene at 382bp for the two samples of C.
perfringens isolates.

multi-drugs resistance against all tested antimicrobial discs; amoxiclave,
tetracycline, gentamicin, clindamycin, sulphamethoxazole-trimethoprim
(Cotrimoxazole) and cefoxitin (Fig. 3 a). Therefore, oxytetracycline and
amoxicillin-clavulinic acid antimicrobial resistant genes were tested to
confirm these phenotypic results where their resistant genes (Bla and
tetK) were confirmed.

AST of NTZ was 2.73+0.08 while for tylosin 1ZD was 2.39+0.05 (Fig. 3
b and c). MIC and MBC were 0.4 and 12 pug/ml for NTZ and 0.7 and 49 pg/
ml for tylosin respectively.

Clinical signs and mortality rate

Infected control G2 post inoculation by the C. perfringens infection
showed various signs began with depression, reduced appetite and re-
luctance to move then followed by frothy fluid diarrhea and dehydration
besides, recorded 20% (3/15) mortality rate. Most of these findings were
relieved obviously by various treatments with no recorded mortalities ei-
ther in non-infected or infected treated groups.

Table 2. Effect of NTZ and tylosin on C. perfringens count post treatment period (Mean+SE) n=3.

C. perfringens count (x 10%) CFU/g

Items
Gl G2 G3 G4 G5 G6
Liver NDa 15.33+0.33d NDa NDa 1.26+0.33b 3.33+0.67¢
Post treatment
Small intestine 6.00+1.00ab 182.33+3.93¢ 2.67+0.67a 4.67+0.88a 4.33+0.33a 10.33+0.33b

The various letters in the same raw indicate statistically significant differences when (P<0.05).

G1: negative-control; G2: infected-control; G3: non-inf-(NTZ); G4: non-inf-(tylosin); G5: inf-(NTZ); G6: inf-(tylosin); ND: not detected.

Table 3. Effect of NTZ and tylosin on some of serum biochemical parameters (Mean+SE) n=5.

G Total protein (g/dl)  Albumin (g/dl) Globulin (g/dl) ALT (u/l) AST (u/l) GGT (u/l)
1 4.11+0.22 ¢ 1.80+0.06 b 2.3140.26 b 42.38+0.71 a 57.60+1.27 a 21.37+0.54 a
2 2.8240.12 a 1.36+0.10 a 1.45£0.20 a 86.79+1.65 ¢ 75.95+1.83 ¢ 41.85+0.83 d
Post treatment 3 3.9540.19 be 1.85+0.06 b 2.10+0.25 ab 47.62£1.03 b 62.16£0.82 b 24.59+0.81b
4 3.87+0.24 be 1.76+0.07 b 2.11£0.24 ab 53.75£0.99 ¢ 65.21£0.95b 26.58+0.77 b
5 3.44+0.04 b 1.78+0.06 b 1.65+0.07 ab 67.70+1.04 d 66.07£1.99 b 32.48+0.85 ¢
6 3.4240.18 b 1.5140.08 a 1.9140.23 ab 52.35£1.49 ¢ 71.82+0.81 ¢ 34.63£1.36 ¢
1 4.3240.19b 2.11+0.06 a 2.2240.16 a 44.88+1.31a 61.48+1.24 a 18.62+0.52 a
2 3.28+0.21 a 1.61+0.09 b 1.6740.13 a 62.86+1.47d 72.27+0.45 b 28.98+1.13 ¢
At the end of the 3 4.13+£0.19b 1.94+0.08 b 2.194+0.20 a 46.99+0.98 ab 60.45+0.79 a 15.97+0.41 a
experiment 4 4.07+0.18 b 2.04+0.13 b 2.03+0.25 a 50.54+0.50 be 62.39+1.18 a 18.99+0.98 a
5 4.01+0.14 b 1.96+0.09 b 2.05+0.14 a 47.06+1.17 ab 62.29+2.06 a 23.11£1.01b
6 4.06+0.04 b 2.09+0.07 b 1.98+0.06 a 52.64+1.22 ¢ 68.74+0.81 b 23.12+1.57b

The various letters in the same colon of the same period indicate statistically significant differences when (P<0.05).
G1: negative-control; G2: infected-control; G3: non-inf-(NTZ); G4: non-inf-(tylosin); G5: inf-(NTZ); G6: inf-(tylosin).
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Fig 3. Showed the sensitivity test results of the tested C. perfringens type A
isolates, a: sensitivity plate revealed one of C. perfringens isolate phenotypic
resistance to various used commercial antibiotics, b: showed the sensitivity test
of both nitazoxanide (the left well) and tylosin (the right well) against one of
the tested C. perfringens type A isolate, c: represented sensitivity test of both
nitazoxanide (the left well) and tylosin (the right well) against another tested
isolate of C. perfringens type A.

C. perfringens count

Post treatment, C. perfringens count (Table 2) revealed a significant
decrease in its count in liver and small intestine samples of infected treat-
ed G5 and G6 than the infected-control G2 that subsequently reduced
liver infection and intestinal colonization. Meanwhile, non-infected treat-
ed G3 and G4 recorded a non-significant decrease in C. perfringens count
than negative-control G1 in intestinal samples where it not detected in
their liver tissue samples.

Serum biochemical parameters of liver

In Table 3 results of TP, albumin, globulin, activities of liver enzymes
ALT, AST and GGT post treatment and at the end of the experiment
showed that C. perfringens infected-control G2 revealed an observed im-
pairment of liver biomarkers expressed as a significant decrease in total
serum protein, albumin, and globulins besides a significant elevation in
activities of ALT, AST and GGT when compared with negative-control G1.
Regarding to non-infected treated G3 and G4, they revealed non-signif-
icant changes in TP, albumin and globulin levels, while they showed a
various degree of elevation in our detected enzymes activities only post
treatment period when compared with G1, where most of these values
returned to its normal levels at the end of the study that indicated their
non-permanent changes in liver cells. Infected treated G5 and G6 re-
corded a significant increase in most of TP, albumin and globulin values,
meanwhile they showed a significant decrease in ALT, AST and GGT activ-
ities than G2 to convert mostly in various degrees toward G1. Generally,
NTZ treated G3 and G5 showed less increase in enzymes activities after

treatment and at the end of the experiment than tylosin treated G4 and
G6 when compared with either control G1 or G2 respectively.

Effect on C-reactive protein and kidney biochemical markers

According to Table 4, post treatment and at the end of the experi-
ment, serum analysis of C-reactive protein and some of kidney function
parameters revealed that C. perfringens infection induced a significant
elevation in C-reactive protein (as one of inflammation markers), serum
uric acid and creatinine levels when compared with the negative-control
G1. Non-infected treated G3 and G4 revealed non-significant changes
in C-reactive protein and uric acid values when compared with G1, while
tylosin treated G4 increased creatinine levels after treatment and at the
end of the study. Infected NTZ treated G5 followed by tylosin treated G6
showed a significant decrease in C-reactive protein levels than G2. As
well, both groups reflected great improvement in general kidney func-
tions through induced a significant decrease in uric acid and creatinine
levels in various degrees when compared with G2. However, G5 revealed
more improvement in uric acid and creatinine levels toward normal val-
ues of G1 than G6.

Discussion

Since, C. perfringens secretes toxins that strengthen the inflamma-
tory processes, induce immense damage in host metabolic process and
facilitate bacterial invasion and dissemination besides accelerate the pro-
gression of diseases; therefore, obtaining an efficient antibacterial activity
seems to be the main way for preventing or curing bacterial pathogen,
reducing clinical signs, pathological changes, morbidity, and mortality
rates consequently improving production efficiency. NTZ has a broad
spectrum of anti-infective activity (Stachulski et al., 2020). Concerning to
finding of alternative antibacterial drugs, in vivo animal trials are needed
to evaluate the clinical efficacy of NTZ antimicrobial against C. perfringens
infection in broilers. NTZ considered as a good alternative especially post
increase the rates of clostridial resistance to metronidazole, substantial
rate of treatment failure and infection recurrence, where some metroni-
dazole-resistant strains were sensitive to NTZ (Freeman et al., 2011).

In the current study, C. perfringens isolation rate was 46 % from over-
all tested samples (100) (12 from liver and 34 from intestine) respectively.
These results were similar to Younes (2005) and El-Rash (2012) that was
47.7%, but in another study (Abd El-Tawab et al., 2020), it was 70% (84%
from intestine and 56% from liver) but lower percentage of 20.3% was
reported by Eraky and Abd EI-Ghany (2021), these variation in results
may be attributed to the management differences, different season for
collection of samples and may be due to using antibiotics in the rearing
systems.

Multiplex PCR is a reliable technique for genotyping of C. perfringens
strain and as a specific test for determination of its toxin genes. So, in
the current study we used this technique as a test for serotyping of C.

Table 4. Effect of NTZ and tylosin on C-reactive protein, uric acid and creatinine (Mean+SE) n=5.

G C-reactive protein Uric acid Creatinine
(mg/) (mg/dl) (mg/dl)

1 7.30+0.23 a 4.61£0.15a 0.39+0.01 a

2 18.72+0.41 d 5.80+0.17 ¢ 0.77+0.02 ¢

Post treatment 3 7414027 a 449+0.13 a 0.38+0.01 a
4 6.85+0.12 a 4.38+0.15a 0.45+0.01 b

5 11.39+0.25 b 5.1240.10 b 0.67+0.02 d

6 15.54+0.17 ¢ 5.13£0.19b 0.56+0.01 ¢
1 9.12+0.16 ab 5.62+0.22 a 0.43+0.01 ab

2 15.49+0.14 d 6.72+0.09 ¢ 0.60+0.02 ¢
At the end of the experiment 3 8.73+0.12 a 5.58+0.17 a 0.42+0.01 ab
4 9.25+0.09 ab 5.47+0.14 a 0.46+0.02 b

5 9.63+0.24 b 541+0.12 a 0.40+0.02 a

6 12.72+0.26 ¢ 6.16+0.18 b 0.46+0.00 b

The various letters in the same colon of the same period indicate statistically significant differences when (P<0.05).
G1= negative-control, G2= infected-control, G3= non-inf-(NTZ), G4= non-inf-(tylosin), G5= inf-(NTZ), G6= inf-(tylosin).
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perfringens isolates. Our molecular typing (Fig. 1) revealed that all the
examined strains were C. perfringens type A by detecting cpa gene which
was found in the tested isolates, but beta, epsilon and iota genes (cpb, etx
and itx) were not detected in these isolates. This result agreed with Asal et
al. (2023) as the only detected gene was cpa which is responsible for gas
gangrene in case of animal and human severe infection. Another study
by Bendary et al. (2022) detected enterotoxin C. perfringens cpe and beta
toxin (cpb2) in their tested isolates. Alpha toxin is encoded by (cpa) gene
and found in a stable area of chromosome which is responsible mainly
of lethal toxin promoting cell lysis by hydrolysing of membrane phos-
pholipids (Uzal et al, 2010). As well our detected virulence (cpa) gene
and absence of other genes was agreed with Hassani et al. (2022). In the
current study, the detection of resistance to beta lactam (bla) gene and
tetracycline (tetk) gene was confirmed by detection of bla and tetK genes
as present in (Fig. 2) which reflects bad and misuse of these antibiotics
in wide range. These results agreed with that detected by Bendary et al.
(2022).

There were few studies that looked into the C. perfringens AMR pat-
tern, in spite of its harmful consequences on poultry healthiness (Mak
et al, 2022). In our AST (Fig. 3-a), C. perfringens isolates showed multi-
drug-resistant profile to amoxiclav, tetracycline, gentamicin, clindamycin,
sulphamethoxazole-trimethoprim and cefoxitin. In the same context, var-
ious antibiotic resistance patterns to commonly used antimicrobials were
reported among C. perfringens isolates of broilers in Egypt. El-Nagar et al.
(2022) recorded high resistance (100%) to Erythromycin, Metronidazole,
Penicillin, Ampicillin, Amoxicillin, Amoxicillin-clavulanic acid, Lincomycin,
Neomycin, Oxytetracycline, Spectinomycin, Streptomycin; aligned with
25% or low sensitivity to Colistin sulphate, Doxycyclin, Sulfamethoxaz-
ole-trimethoprim, Enrofloxacin, and Norfloxacin. In Eid et al. (2020) anti-
biogram various phenotypic resistances to lincomycin (82.26%), ampicillin
(72.58%), nalidixic acid (69.35%), and spectinomycin (69.35%), in addition
to (79.03%) of these isolates verified MDR phenotypes were recorded.
As well, Osman and Elhariri (2013) found that all of 125 of C. perfringens
isolates were completely resistant to gentamicin, erythromycin, strepto-
mycin, lincomycin, neomycin, colistin, pefoxacin, trimethoprim-sulfame-
thoxazole, oxalinic acid and spiramycin. Our AST results were also similar
to Bendary et al. (2022) as most of isolates showed multidrug resistant
patterns. In another study, Park et al. (2015) reported a resistance to gen-
tamicin, neomycin, streptomycin, colistin and intermediate resistance to
bacitracin, tetracycline, clindamycin erythromycin, trimethoprim-sulame-
thoxazole, and sulfisoxazole. Where, Kovanda et al. (2019) determined
resistant to tetracycline, chloramphenicol, and penicillin. Furthermore,
Anju et al. (2020) reported that 44, 40, 40 and 26.6% of C. perfringens
were resistant to gentamicin, bacitracin, erythromycin, and tetracycline,
respectively. Meanwhile, Jang et al. (2020) found a 100% resistance to
tetracycline. Also, Archambault and Rubin (2020) reviewed the AMR in
C. perfringens and other anaerobes. In our research the examined strains
showed presence of Bla and tetK resistant gene; these results confirmed
the obtained results of disc diffusion results of our multidrug-resistant
strains. AST of Mwangi et al. (2019) showed that 53% of the isolates had
multidrug resistant profile for streptomycin, gentamycin, erythromycin
tetracycline and bacitracin. Similarly, El-Nagar et al. (2022) found 100%,
75% and 25% antimicrobial-resistant genes among various isolates to
(tetK) tetracyclines, (Bla) B. lactamase and macrolide (ermB) respectively.
Contrary, most isolates showed high sensitivity to tested antibiotics (Wei
et al.,, 2020) or sensitive to amoxicillin-clavulanic acid, cefclor and ofloxa-
cin (Asal et al., 2023).

Our detected anti-clostridial effect of NTZ (Fig. 3 b and c) on C. per-
fringens could be attributed to its activity as a biologically active anion
that inhibits the early step of the PFOR reaction by a non-competitive
inhibition of the interaction of pyruvate with the thiamine pyrophosphate
(TPP) cofactor. Inhibition of PFOR by NTZ stops the conversion of bac-
terial pyruvate to acetate, a key component of fatty acid biosynthesis,
amino acid biosynthesis and energy production (Devasahayam et al.,
2010). Regarding to NTZ structure-antimicrobial efficacy relationship, it
considered a synthetic nitrothiazolyl-salicylamide derivative that has both
a nitrothiazole part and a salicylic acid moiety connected together by a
peptide bond, whereas the nitrothiazolyl moiety resembles that of the ni-
troimidazole drugs, tinidazole and metronidazole. Concerning to tylosin
sensitivity, Kasab-Bachi (2017) found that most of 629 of C. perfringens
and netB isolates revealed moderate resistant to tylosin tartrate, ceftiofur,
and clindamycin; despite the absence of tylosin in their feed, besides a
resistant to bacitracin, oxytetracycline, tetracycline and erythromycin. On
the other side, they were sensitive to amoxicillin, florfenicol, and enro-
floxacin. Also, Martel et al. (2004) found that C. perfringens strains were
sensitive to tylosin, avilamycin, amoxicillin, chlortetracycline and oxytetra-
cycline while flavomycin (bambermycin) showed low or no activity. These
differences among sensitivity tests may be attributed to differences of the
tested isolates, collected places, besides the routine treatment program
of these farms or micro-organism exposure to various doses or periods

of treated antibiotics. Therefore, increased C. perfringens resistance genes
in Egypt indicate the disastrous of antibiotics misusing and so high eco-
nomic losses due to controlling measures.

Our MIC and MBC (ug/ml) results recorded 0.4 and 12 for NTZ and
0.7 and 49 for tylosin respectively. Regarding in vitro antibacterial activity
of NTZ, it was effective against both C. difficile and C. perfringens (Di
Santo and Ehrisman, 2014). C. difficile MIC ranged from 0.06-0.5 ug/ml
(CLSI, 2020). While, Pankuch and Appelbaum (2006) found that in vitro
MIC range, MIC50 and MIC90 (ug/ml) of NTZ against C. perfringens (19
strain) were (0.25-4.0, 2.0, 4.0) and for tizoxanide (the primary metabolite
of NTZ) were (0.25-2.0, 1.0, 2.0) respectively that considered similar to
metronidazole (0.25-2.0, 0.5, 2.0) and higher than amoxicillin-clavulanate
(0.015-0.12, 0.03, 0.12) while most of strains were resistance to clindamy-
cin; that suggested the potential use of NTZ in treatment of clostridial
infections. Furthermore, NTZ and tizoxanide showed equivalent MIC50
and MIC90 (ug/ml) values 0.5 and 1.0 compared to 0.5 and 2.0 respec-
tively for metronidazole (Musher et al., 2006), where NTZ reported < 2
pg/ml compared to vancomycin < 8 ug/ml in another study (Hecht et al.,
2007). As well, Dubreuil et al. (1996) estimated that MIC90s of NTZ = 1
mg/I for C. perfringens compared to 1, 0.5, 0.5, 0.125, 0.06, 0.125, 0.5, 0.06
and 16 mg/| for tizoxanide, NTZ-tizoxanide, metronidazole, amoxicillin,
amoxicillin-clavulanic acid, piperacillin, cefoxitin, imipenem, and clinda-
mycin respectively. Hence, NTZ has comparable efficacy to metronidazole
and comparator drugs. In another study, NTZ, metronidazole and vanco-
mycin showed equal MIC50= 0.25 and MIC90= 0.50 ug/ml against the 15
toxigenic C. difficile strains while, NTZ in 5% cecal contents, as a prelimi-
nary examination of its stability, revealed MIC50=4 and MIC90= 32 ug/ml
compared to twofold increased for vancomycin and metronidazole. The
MBCs (ug/ml) for NTZ, metronidazole, and vancomycin were 0.48+0.47,
0.37+0.21, and 0.82+0.25 and in 5% cecal contents they were 13.6+13,
0.49+0.34 and 1.0+36 respectively. Where, all of them had the same po-
tencies in inhibiting the C. difficile strains growth (Mcvay and Rolfe, 2000).

Concerning tylosin, various MICs against C. perfringens strains were
reported, since there is no standard interpretative criterion for this bac-
terium/antimicrobial combination currently available. Sensitive strains to
tylosin tartrate showed 0.25-32 mg/L MIC range (Kovanda et al., 2019).
While against 51 C. perfringens strains it ranged between 0.5 and 1 ug/ml
(Lanckriet et al., 2010). Also, Martel et al. (2004) found a range of (0.03-
1) ug/ml where MIC50 was 0.25. Kasab-Bachi (2017) found that tylosin
reached MIC=18.4 ug/ml. Meanwhile, the mean MIC of tylosin tartrate
of 629 C. perfringens isolates was 2.09+7.27, where MIC50 < 1.25, MIC90
>10. Isolates in the higher range of the MICs were considered to have
acquired resistance, while high resistance to tylosin were occurred when
MIC > 32 pg/ml. Gharaibeh et al. (2010) found that tylosin MIC50 (ug/
ml) was 64 for C. perfringens, where MIC90 was 256. Meanwhile, tylosin
MIC = 1 for C. perfringens type A (NCTC 8798) reference strain. There
is very limited information regarding tylosin MIC breakpoints against C.
perfringens to specifically classify isolates into susceptible, intermediate,
or resistant. Differences in MICs assays between studies may reflect the
various degrees of sensitivity/resistance of C. perfringens strains towards
our drugs depending on the good/misuse in poultry farms.

Regarding to our recorded signs and mortalities, non-infected G1,
G3 and G4 showed no signs or mortalities. Meanwhile, depression, di-
arrhea, dehydration, reduced mobility, and appetite were the most visi-
bly obvious symptom, where mortality rate was 20% in infected control
G2. Infected medicated groups (G5 and G6) revealed improved clinical
signs, birds were healthy and viable with no recorded mortalities, besides
stopped the development of NE lesions in intestine and liver. Our results
may be considered as a reflection of their antimicrobial activity that pre-
vented the bacterial toxins degenerative changes. Similar, bad impacts
and considerable mortalities post infection were reported (Elkomy et al.,
2019; Nasr El-Deen et al., 2019; Hussein et al., 2020), where mortality rate
was ranged from 25% (Nasr El-Deen et al., 2019) and 34% (Elkomy et al.,,
2019). In the same context, similar post-mortem lesions of dead or sac-
rificed birds as hyperemia, multi-foccal hemorrhages, inflamed or mild
degenerated mucosa with gaseous contents in the jejunum, ileum and
ceca of infected group were also recorded (Hussein et al,, 2020). In the
same context, nearly similar clinical efficacy trials using NTZ against C.
difficile infection with its diarrhoea and enteritis were observed in rats
(McDonald et al., 2018). Where, both NTZ and its metabolite tizoxanide
inhibited and treated the infection to be equivalent to standard anticlos-
tridial drug; metronidazole and vancomycin (Musher et al.,, 2006; 2009)
with a 89.5% response rate and a lower infection recurrence rate 12.5%
post NTZ-treatment compared with 82.4% and 28.6% for metronidazole
respectively (Hemphill et al., 2006; Musher et al., 2006). Also, excellent in
vitro and in vivo NTZ activities were noticed as prevented manifestations
and decreased mortalities against 15 toxigenic strains of C. difficile in
hamster at a therapeutic dose of 7.5 mg/100 g body weight compared
to those of metronidazole (15 mg) and vancomycin (5 mg) (Mcvay and
Rolfe, 2000). As well, when used as a prophylactic treatment all hamsters
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appeared normal without gross signs of toxicity or detection of C. difficile
or its toxin A in the cecal culture and all animals survived the tested 15
day post-infection period. By contrast, vancomycin and metronidazole
groups induced fatal C. difficile intestinal disease in 20 and 70% of re-
cipients, respectively. Similar tylosin efficacy against C. perfringens was
reported (Collier et al., 2003; Lanckriet et al.,, 2010) at 100 and 200 mg/L/5
days that abolished the development of gut necrotic lesions and subse-
quent mortalities of the virulent strain. Also, Ellakany et al. (2009) used
tylosin at 35 mg/kg b.wt/12 h daily/3 days from 14th-16th day, where
its effect still recorded till 1 week post-treatment. Tylosin is used in the
Egyptian poultry market for over 30 years. It has no harsh effect on Lac-
tobacillus sp. count in the duodenum of broilers (Ellakany et al., 2008).
These bacteria enhance the broiler health through sustaining absorption
and digestion of nutrients, enhancing immunity, supporting resistance
against various infections, inversely related to C. perfringens, competitive-
ly exclude pathogenic bacteria via the production of bacteriocins and its
ability to compete for limiting nutrients (Shah et al., 2022).

Regarding to C. perfringens count post-treatment (Table 2), our re-
sults revealed a significant decrease in both liver and small intestine sam-
ples of infected treated G6 and G6 than the infected-control G2 that sub-
sequently reduced liver infection and intestinal colonization. Meanwhile
non-infected treated G3 and G4 recorded a non-significant decrease in C.
perfringens count than negative-control G1. Our in vivo results confirmed
our in vitro anticlostridial activity of NTZ and tylosin. In the same context,
C. perfringens count post 24 hrs of tylosin treatment was 4x103, mean-
while post 48, 72 h or 7 days no C. perfringens was found while other Clos-
tridium sp. were 25x102 at 72 h and non-countable >150 cfu x 105 post
7 days) (Ellakany et al.,, 2009). Additionally, post adding of 50 or 100 mg/
kg/14 days of tylosin phosphate significant impairment in C. perfringens
growth was recorded in this ascending order in duodenum (7.14+0.20)
where a major part of tylosin is absorbed, jejunum (7.61+0.20) then cae-
ca (9.00+0.23). It decreased the C. perfringens count (log10 CFU/g) than
infected-control group (Shah et al., 2022). From another point of view, ty-
losin controlled NE through its modulation of C. perfringens colonization
besides reduction of endogenous mucolytic microbiota activity that serve
as an initiating step of C. perfringens virulence, provide pro-inflammatory
mediated condition, affect other chick commensal bacteria and compro-
mise barrier function that prevent further transport of antigenic or toxic
substances across the mucosa (Collier et al., 2003).

About our serum biochemical parameters (Tables 3 and 4), infect-
ed-control G2 induced a significant decrease in TP, albumin and globulins
besides an increase of liver enzymes activities (ALT, AST and GGT), C-reac-
tive protein, uric acid, and creatinine levels compared with negative-con-
trol G1. Non infected treated G3 and G4 revealed a non significant chang-
es in TP, albumin, globulin, C reactive protein, uric acid and creatinine,
while they showed various degrees of elevation in our detected enzymes
activities only post-treatment period when compared with G1, where
most of these values returned to its normal levels at the end of the study
that indicated their non-permanent changes in liver cells. Hence, no ad-
verse effect on liver or kidney cells as vital organs of drug metabolism
and elimination were recorded post NTZ or tylosin treatment. Meanwhile,
infected treated G5 and G6 revealed a significant improvement in C-re-
active protein levels, most of hepatic and renal detected markers than
G2 with non-significant difference than G1 in most of these items. Gen-
erally, NTZ treated G3 and G5 showed less increase in enzymes activities
after treatment and at the end of the experiment than tylosin treated
G4 and G6 when compared with either control G1 or G2 respectively.
Both drugs decreased loss of protein, tissue damage, liberating enzymes
and inflammation that indicates the effectiveness of NTZ as tylosin in
counteracting C. perfringens infection. Similar biochemical alterations for
infected-control G2 were recorded by Allam et al. (2013); Abdel Ziz et
al. (2016); Mabrouk (2016); Elkomy et al. (2019) and Nasr El-Deen et al.
(2019). Elevation of hepatic tissue indicators may be attributed to the
inflammation that resulted post-infection expansion as a part of body
defense reaction (EIKomy et al,, 2019). Even during subclinical infection,
bacteria can reach the bile duct and portal blood stream through the
damaged intestinal cells, sloughed mucosa and colonized in liver caus-
ing cholangiohepatitis and liberation of its intracellular enzymes. Also,
clostridial toxins that confirmed in our PCR detection, o toxin, destructed
the host cell membranes by hydrolysis and oxidation of its phospholip-
ids, disseminated to the blood stream followed by systemic symptoms or
death (Hussein et al., 2020) besides their ability to disturb the metabolic
activity (EIKomy et al.,, 2019). Moreover, reduction in proteinogram of G2
that expressed by hypoproteinemia and hypoalbuminemia could be con-
sidered as a consequence to anorexia, mal absorption of nutrients from
inflamed or damaged intestinal mucosa, impaired protein synthesis in the
liver or increased its loss through kidney. Furthermore, bacteria compete
with the host for uptake of amino acids and reduced nitrogen utilization
(Ellakany et al., 2009). Likewise, bacteria produced toxic catabolic ami-
no acid and increases gut epithelial cell turnover, which accompanied by
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an extremely high rate of metabolism, energy/protein consumption, and
suppressed immunity. Also, El-Sheikh et al. (2018) indicated a significant
decrease in levels of total globulins in C. perfringens-infected chickens.
Contrary, hyperglobulinemia was recorded (Allam et al, 2013; Salah et
al,, 2015). Discrepancies among authors may be due to variation of sam-
pling time, infection stage or bird immune response. For kidney function
markers, significant renal disturbance could be attributed to tubular cell
toxicity or inflammation (Ferguson et al., 2008). Similar increases in uric
acid and creatinine levels post infection were reported by ElKomy et al.
(2019) who noticed also pathological damaged changes in the kidneys
induced by the bacterial toxins. These degenerative changes in renal tu-
bules prevent the final metabolites of protein breakdown; uric acid and
creatinine excretion leading to their increase in the serum.

Regarding NTZ use, for non-infected NTZ-treated G3, there was a
scarcity about NTZ effect on broilers biochemical parameters but in other
species some researches were applied. Antonya et al. (2020) recorded
that NTZ on two-week old chickens had no gross pathological lesions on
organs and it was considered safe. It is extremely well tolerated, even up
to 4 g in a single dose or one multiple dosing regimen (0.5 g, bid for 7
days) with no abnormalities in blood chemistry (Stockis et al.,, 2002a; b).
Elsayad and Al-Kazzaz (2018) reviewed that in acute studies on rodents
and dogs, the oral LD50 was higher than 10 g/kg where there are nei-
ther systemic effects nor blood-related anomalies at the selected doses
in rats. Also, Moron-Soto et al. (2017) treated dogs with a single oral dose
of 37.5, 75 and 150 mg/kg for 14 days, and found that ALT and AST en-
zymes remained within physiological ranges. In another study, vital signs,
clinical chemistry and urinalysis parameters remain unchanged post NTZ
treatment (Fox and Saravolatz, 2005). As well, post many clinical studies,
NTZ revealed a low toxicity and an excellent safety profile over 24 weeks
of treatment (Hemphill et al., 2006). On the contrary, Shams et al. (2018)
found that oral NTZ (18 mg/kg b.wt/day/14 days) in rats revealed some
histopathological changes on liver and kidney expressed by a significant
increase in ALT, AST, ALP, creatinine and urea and decrease in TP and
albumin, after one-day post-treatment when compared with the control
group, but these changes improved gradually by time. As well, Pepper-
rell et al. (2020) mentioned that two studies reported elevations in liver
function tests and higher rates of chromaturia (yellow urine) in partici-
pants receiving NTZ compared with control, but all of these cases were
mild and clinically insignificant. Regarding to infected-NTZ treated G5,
Elsayad and Al-Kazzaz (2018) used NTZ orally at 100 mg/kg/day/7 days
to treat S. mansoni-infected mice, where NTZ significantly decreased the
elevated levels of liver enzymes (ALT, AST and ALP), urea and creatinine at
1-, 2- and 4-weeks post-treatment, besides induced some corrective ac-
tion in other biochemical parameters. No alteration in the liver enzymes
in non-infected NTZ-treated mice than the control. Also, it was found
that NTZ treatment of infected calves with cryptosporidiosis resulted in
a significant decrease in TP, albumin and globulin compared with the
infected group (Abdel Megeed et al, 2015). Soufy et al. (2017) found
that B-Globulin level markedly increased in the rats administered NTZ
orally (100 mg/kg b. wt), which further indicated its role in host innate
immune-modulation responses to impart pathogen clearance (Trabattoni
et al, 2016). Meanwhile, Fahmy et al. (2021) found that NTZ exhibits lim-
ited immune-dependent efficacy; it showed non-significant elevation in
CD4 expression level that considers as an important immunomodulation
status marker that response to the intrinsic immune system homeostasis.

Concerning the NTZ effect on C-reactive protein, it has a marked
anti-inflammatory property, that signifying its clinical use in treatment
of enteritis cases. Similar anti-inflammatory effect was reported (Hong et
al,, 2012) through suppression the production of interleukins (IL) such as
IL-6. Also as reported by Singh and Narayan (2011), NTZ was considered a
very safe drug to use with no significant serious adverse effects reported
in any study with no significant drug interactions. NTZ and other newer
thiazolides may represent a significant advancement in the treatment of
enteric infections and metronidazole resistant C. difficile infection.

For tylosin treated groups, in non-infected tylosin treated G4; also,
El-Komy et al. (2019) concluded that special attention should be taken
with tylosin due to the adverse effect on liver and kidney in broilers, which
may be explained by Das et al. (2020) who noticed that among the poultry
tissues, liver and kidney had the highest level of tylosin tartrate residues
even post a week of withdrawal period. Meanwhile for infected tylosin
treated G6, ElI-Komy et al. (2019) found that tylosin (100 ppm/7 days) in
broilers feed challenged with subclinical C. perfringens type A induced
significant increase in liver enzyme activities (AST, ALT and ALP), uric acid
and creatinine and significant decrease in protein picture (TP and albu-
min) compared to negative control group. While it induced significant
improvement in most of these items when compared with infected con-
trol chickens. Positive effect of tylosin might be due to the antibacterial
action against C. perfringens, which suppressed the bacterial invasion, in-
creased the integrity of the intestinal walls, promoted the absorption of
essential nutrients and secretion of digestive enzymes and enhanced the
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nutrient digestibility leading to improved protein profile.

Conclusion

All isolated field strains have type A (produced only alpha-toxin (cpa
virulence gene)) and include Bla and tetK (resistant genes). Also, NTZ
has no adverse biochemical insults on liver or kidney functions with a
therapeutic effect on antibiotic resistant C. perfringens infected chickens.
Further studies are needed to detect the NTZ pharmacokinetics/pharma-
codynamic in broilers and its species-specific differences.
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