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Abstract

caseous lymphadenitis (CLA) and ulcerative lymphangitis (UL) in small and large ruminants,

respectively. This pathogen is frequently associated with poor therapeutic outcomes in animals.
In the present study, 30 bacterial isolates, recovered from 300 lymph node and pus samples (10%),
were identified as Corynebacterium spp. Molecular confirmation using 16S rRNA and pld gene PCR
verified 11 of these isolates as C. pseudotuberculosis, while one isolate was identified as C. jeikeium,
a first record from sheep in Egypt. The isolates were subjected to antimicrobial susceptibility and
genotyping using enterobacterial repetitive intergenic consensus-polymerase chain reaction (ERIC-
PCR). Cluster analysis classified the isolates into two major clusters: Cluster 1 (C1) represents C.
jeikeium, and cluster 2 (C2) represents C. pseudotuberculosis. Cluster 2 was further subdivided into
four subclusters (2A-2D), reflecting epidemiological linkages among livestock in Giza and Cairo
governorates. Additionally, the antimicrobial potential of silver nanoparticles (AgNPs) and silver
nitazoxanide-loaded nanoparticles (Ag-NPs/NTZ) was assessed against both C. pseudotuberculosis
and C. jeikeium. The results revealed extensive multidrug resistance (MDR) among C.
pseudotuberculosis and C. jeikeium isolates to several antibiotic classes. However, all C.
pseudotuberculosis strains demonstrated 100% sensitivity to vancomycin, amoxicillin—clavulanic
acid, gentamicin, and amikacin. These findings support the recommendation of these agents for
effective control of CLA. Furthermore, silver nitazoxanide nanoparticles showed a promising in vitro
effect against both Corynebacterium spp. recovered in this study and may represent a potential and
novel adjunctive approach for managing C. pseudotuberculosis infections.

C orynebacterium pseudotuberculosis is a well-recognized etiological agent responsible for

Keywords: Corynebacterium, ERIC-PCR, silver nanoparticles, silver nitazoxanide-loaded nanoparticles.

dissemination through lymphatic channels, while
mycolic acids and iron acquisition systems, such as
the fag operon, enhance intracellular survival by
shielding the bacterium from lysosomal degradation
and phagocytosis [9-11].

Introduction

Caseous  lymphadenitis  (CLA), caused by
Corynebacterium pseudotuberculosis, is a chronic,
infectious disease with significant veterinary and
economic implications. It primarily affects sheep and

goats but also impacts horses, cattle, and, in rare
cases, humans [1-4]. This bacterium is Gram-
positive, rod-shaped, pleomorphic, non-sporulated,
non-capsulated, non-motile, facultative anaerobic,
and facultative intracellular. It is characterized by a
lipid-rich cell wall [5-7].

C. pseudotuberculosis’s pathogenicity is driven
primarily by phospholipase D (PLD) [8]. PLD
increases vascular permeability, facilitating bacterial

CLA is characterized by abscess formation in
superficial and internal lymph nodes and,
occasionally, visceral organs, often subclinical,
complicating detection and control [12]. The disease
is a major concern in small and large ruminant
populations worldwide, causing substantial economic
losses due to reduced wool, meat, and milk yields,
premature culling, carcass condemnation, and trade
restrictions [7, 13]. In Egypt, where CLA is endemic,
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seroprevalence studies report infection rates ranging
from 6.7% to 24.4% in sheep across various
governorates [14-17].

Though rare, C. pseudotuberculosis's zoonotic
potential poses a public health risk, particularly for
individuals with occupational exposure resulting in
lymphadenitis or cutaneous abscesses mimicking
tuberculosis or other gram-positive infections [6,18].
In addition, C. pseudotuberculosis was isolated from
milk and milk products [19], posing a One-health
threat. The global rise in antimicrobial resistance
(AMR) further complicates CLA management, with
Egyptian studies reporting resistance to antibiotics
like penicillin, erythromycin, and tetracycline
[20,21]. This highlights the critical need for
comprehensive antimicrobial susceptibility testing to
guide effective therapeutic approaches. There is an
urgent need to use antibiotic replacements due to the
growing antimicrobial resistance of bacteria [22].
Silver nanoparticles (AgNPs) are considered potent
antimicrobial agents due to their broad-spectrum
efficacy, low likelihood of inducing microbial
resistance, and effective activity against biofilm
formation [23]. Recently, nitazoxanide (NTZ)-loaded
AgNPs display superior antibacterial efficacy to
AgNPs alone [24]. Diagnosis of CLA is
straightforward when superficial abscesses are
visible but challenging for subclinical cases or
internal abscesses, necessitating advanced methods
like bacteriological culture, serological assays (e.g.,
ELISA), and molecular approaches [7,8]. Molecular
tools, including polymerase chain reaction (PCR)
targeting the pld gene, 16S rRNA gene sequencing,
and Enterobacterial Repetitive Intergenic Consensus
(ERIC)-PCR, enable precise identification and strain
differentiation [25,26]. ERIC-PCR offers high-
resolution fingerprinting, revealing shared clonal
lineages across geographical zones and animal hosts,
making it invaluable for epidemiological tracking
during outbreaks of Gram-positive and Gram-
negative bacteria [27, 28].

CLA control is often approached through
antibiotic therapy guided by susceptibility testing,
vaccination, and breeding for resistant breeds
[29,7,8]. However, antimicrobial therapies are often
limited by low diagnostic sensitivity and AMR,
while vaccine adoption in regions like Egypt remains
hindered by cost, limited awareness, and variable
efficacy. Studies by [30,31] suggest that combining
routine vaccination with biosecurity practices and
molecular surveillance, such as ERIC-PCR, could
significantly reduce CLA prevalence and economic
losses.

Accordingly, this paper aimed to explore the
incidence of CLA and the antimicrobial
susceptibility profiles and molecular characterization
of bacterial isolates recovered from clinical and
postmortem samples.  Meanwhile, the potential
effect of silver nanoparticles and silver nitazoxanide
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nanoparticles on C. pseudotuberculosis and C.
jeikeium was assessed.

Material and Methods

Sample collection, preparation, and bacterial
isolation

A total of 300 samples (lymph nodes and pus)
were collected aseptically from sheep, cattle,
buffaloes, and camels. Suspected lymph nodes and
internal samples were gathered from animals
slaughtered in Bassatin and Monieb, major
governmental slaughterhouses in Cairo and Giza,
respectively. Clinical samples were obtained from
animals recruited to veterinary units of Badrashin,
Mazghona, Atifah, and Beni Suef. All specimens
were transported promptly to the laboratory. Each
lymph node was surface sterilised with absolute
alcohol, briefly flamed, and then streaked onto blood
agar supplemented with nalidixic acid (4 mg/L).
Plates were incubated at 37°C for 48 hrs [32].
Presumptive colonies were examined by Gram
staining.

Biochemical identification of the isolates

The isolates were then subjected to different
biochemical tests, viz, catalase, urease, nitrate
reduction, and gelatine liquefaction [33]. In addition,
a non-pseudotuberculosis corynebacterium isolate
was confirmed by API CORYNE 20 (BioMérieux,
France).

Antimicrobial susceptibility testing of
Corynebacterium pseudotuberculosis isolates

Based on the Kirby—Bauer (disc diffusion test)
method, bacterial suspensions of PCR-confirmed
isolates with a concentration matching the turbidity
of McFarland tube No. 0.5 were subjected to
antimicrobial  susceptibility testing against 17
different antibacterial therapeutic agents on Mueller-
Hinton-blood agar plates. The inhibition zone
diameters were measured and judged according to
breakpoints of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST,
2024) [34]. lIsolates were classified as depicted in
Tables 1 and 2 [35].

DNA extraction

The DNA  was extracted from C.
pseudotuberculosis isolates using a heat-based
method in a total volume of 50 pl. Initially, the
bacterial isolates were cultured onto blood agar
plates for 48 hours at 37 °C. Bacterial colonies were
harvested and washed 2 times in sterile, nuclease-
free water. The bacterial pellet was suspended in 50
ul of sterile, nuclease-free water, and the DNA was
released through thermal lysis, conducted at 100°C
for 11 minutes, followed by cooling at 4°C for 4
minutes. The samples were centrifuged for 2 minutes
at 14,000 g, and the supernatant containing the DNA
was collected and frozen for further steps [36].
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Molecular characterization of Corynebacterium
pseudotuberculosis isolates

A PCR amplification targeting Corynebacterium
pseudotuberculosis 16s rRNA gene [9] was
conducted on the extracted DNA samples with
modifications. Meanwhile, the pld gene PCR [36]
was performed for confirmatory identification of C.
pseudotuberculosis. In both types of PCR, the
annealing temperature was modified to 52°C and
56°C, respectively. Primers and PCR cycling
conditions are listed in the Table. 3. The reaction in
both PCR assays comprised a final volume of 25 pl
containing 2 pl of genomic DNA, 0.5 uM of each
primer, 12.5 pl of PCR master mix (Genedirex), and
8.5 ul of nuclease-free water.

The amplification products were separated by
electrophoresis in 1x TAE buffer and 1% agarose
gels in the same type of buffer, stained with ethidium
bromide. At the end of the run, bands were visualized
using ultraviolet transillumination.

ERIC-PCR

Two trials were conducted to select the suitable
conditions for C. pseudotuberculosis ERIC-PCR by
using different primers, ERIC-1R (5'-
ATGTAAGCTCCTGGGGATTCAC-3"),  ERIC-2
(5'-AAGTAAGTGACTGGGGTGAGCG-3 "), and
the ERIC-1R + ERIC-2 primer pair [37], using
different PCR conditions. The first trial conditions of
thermal cycling were initiated with a denaturation
step at 95°C for 5 min, followed by 30 cycles of
denaturation at 95°C for 30 s, primer annealing at
52°C for 1 min, and elongation at 72°C for 2 min.
The final extension step was performed at 72°C for 5
min as described by [25], On the contrary, the other
trial conditions of thermal cycling were initiated with
a denaturation step at 95°C for 12 minutes, followed
by 45 cycles comprising denaturation at 95°C for 45
seconds, annealing at 35°C for 1 minute, and
elongation at 70°C for 10 minutes. A final extension
step was performed at 70°C for 20 minutes following
the protocol previously described by [38].

The reaction mixture consisted of 6 pl of 5x HOT
FIREPol® Blend Master Mix (Solis BioDyne,
Estonia), 10 ng of genomic DNA, and 0.15 uM of
each primer, adjusted to a final volume of 30 pl.

The amplified products were separated and
visualized using the Bioanalyzer system (Agilent
2100) on a DNA 7500 gel. Banding patterns were
evaluated using BioNumerics software version 7.5
(Applied Maths). The assay underwent in-house
validation to assess reproducibility utilizing three
technical and biological replicates.

Cluster analysis was conducted based on the Dice
similarity coefficient, employing parameters of 0.5%
optimization, 1% tolerance, and active zones defined
within +78%. Dendrograms were generated through
the unweighted pair group method with arithmetic

mean (UPGMA). Clustering of isolates was
determined at an approximate similarity threshold of
80% [38]. The discriminatory power of the assay was
assessed using the online Discriminatory Index (DI)
calculator available at:
http://insilico.ehu.es/mini_tools/discriminatory_powe
r/index.php.

A dendrogram was constructed using GelJ
software version 2.3, based on the polymorphic band
patterns from ERIC-PCR, employing Jaccard
coefficients and the unweighted pair group method
[39].

Synthesis of Ag nanoparticles and nanocomposites

The synthesis followed a reported procedure
with minor modifications [40]. Briefly, 1.0 ¢
AgNO; was dissolved in an appropriate solvent at
70 °C under vigorous magnetic stirring for 2 h until a
clear solution was obtained. The pH was then raised
to 11 by dropwise addition of 1 M KOH, at which
point turbidity indicated the onset of nucleation.
After 2 h of stirring, the reaction mixture was probe-
sonicated (pulsed mode, 20 kHz) for 30 min to
promote controlled nucleation and growth. The
product was recovered by centrifugation and washed
three times with Milli-Q water (9,000 rpm, ~10 min
per wash). Finally, the collected material was dried
in a vacuum oven at 200 °C for 12 h to yield the grey
AgNP powder. Thirty milligrams of Ag NP powder
were accurately weighed and combined with 70 mg
of nitazoxanide using a mortar and pestle. The
powder blends were then suspended in Milli-Q water
adjusted to pH 5.5 and sonicated in a bath sonicator
for 5 min to get intimate contact between the
nanoparticles and the NTZ. After centrifugation
(9,000 rpm, 10 min), the recovered Ag-NP/NTZ
composites were dried in an oven at 70 °C for 6 h.

Assessment of the in vitro antimicrobial efficacy of
silver  nanoparticles and silver-nitazoxanide
nanoparticles using the well diffusion method

Bacterial suspensions of PCR-confirmed isolates,
with a concentration corresponding to the turbidity of
McFarland tube No. 0.5, were subjected to
antimicrobial susceptibility testing against 1%, 2.5%,
and 5% (w/v) in sterile distilled water of both AgNPs
and AgNPsS/NTZ [41] on Mueller-Hinton blood agar
using the well diffusion method. Positive and
negative controls were represented by vancomycin
and sterile distilled water, respectively. NTZ was not
used as a control by itself, as it is considered a
scaffold rather than an antibacterial agent alone [40].

Results

Gross lesions of CLA in sheep lymph nodes were
observed as caseated and suppurative materials with
an onion-like appearance (Fig. 1). Of 300 samples
examined in this study, Corynebacterium spp. were
recovered from 30 (10%). However, only 11 isolates
were confirmed to be C. pseudotuberculosis via PCR
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assays targeting the species-specific 16S rRNA and
the pld genes (Fig.s 2 and 3). In addition, a C.
jeikeium isolate was obtained from a sheep lymph
node.

The identification of C. pseudotuberculosis
isolates was conducted through a combination of
microscopic, cultural, and biochemical methods.
Microscopically, the isolates appeared as Gram-
positive coccobacilli arranged in V, L, and palisade
forms. On sheep blood agar, the colonies exhibited
distinctive morphological characteristics, appearing
round, whitish to greyish, shiny, and slightly mucoid,
typically surrounded by a narrow zone of f-
haemolysis with a crackling sound when subjected to
direct flame.

Biochemically, the isolates were catalase- and
urease-positive  while  negative for  gelatin
liquefaction. Isolates from sheep were nitrate
reductase negative, while isolates from cows were
positive. C. jeikeium was confirmed biochemically
using API CORYNE 20, resulting in positive results
for catalase, pyrazinamidase, alkaline phosphatase,
glucose, and ribose fermentation. Meanwhile, the
isolate was negative for nitrate reductase, urease,
gelatin liquefaction, esculin hydrolysis, pyrrolidonyl
arylamidase, B-glucuronidase, p-galactosidase, a-
glucosidase,  PB-N-Acetyl-Glucosaminidase, and
fermentation of xylose, mannitol, maltose, lactose,
sucrose, and glycogen [42].

The antimicrobial susceptibility testing of C.
Pseudotuberculosis  isolates  showed  variable
susceptibility to various classes of antibacterial
agents. It was found that 100% of the isolates
showed sensitivity for vancomycin, gentamycin,
amikacin, rifampin, amoxicillin-clavulanate, and
chloramphenicol. ~ Sensitivity ~ for  tetracycline,
ciprofloxacin, and azithromycin was conferred by
10/11 (90.9%), 10/11 (90.9%), and 8/11 (72.7%) of
the isolates, respectively. On the other hand, 100% of
the isolates conferred resistance to fosfomycin,
nitrofurantoin, and nalidixic acid. In addition,
cefotaxime, ampicillin, and trimethoprim-
sulfamethoxazole demonstrated low efficacy, with
resistance detected in 10/11 (90.9%), 7/11 (63.6%),
and 7/11 (63.6%) of the isolates, respectively.
Intermediate  resistance was noted  against
erythromycin and streptomycin by 6/11 (54.5%) and
4/11 (36.3%) of the isolates, respectively (Tables 1
and 2).

Regarding the C. jeikeium isolate, it was sensitive
to  vancomycin, tetracycline,  ciprofloxacin,
ampicillin, rifampin, erythromycin, trimethoprim-
sulfamethoxazole, streptomycin, gentamycin,
amikacin, azithromycin, and amoxicillin-clavulanic
acid while resistant to cefotaxime, chloramphenicol,
nalidixic acid, fosfomycin, and nitrofurantoin (Tables
1land 2).
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Nanocomposite Characterization

Fig. 4 summarizes the structural and
morphological characterization of the as-synthesized
silver nanoparticles (Ag NPs) and the Ag-
nitazoxanide (Ag-NPs/NTZ) nanocomposite. The X-
ray diffraction (XRD) pattern of the dried AgNPs
(Fig. 4a) displays sharp, well-defined reflections at
20 = 38.103°, 44.311°, 64.455°, 77.404°, and
81.521°, which correspond to d-spacings of 2.3598,
2.0435, 1.4446, 1.2319, and 1.1798 A, respectively.
These signals match previously reported diffraction
features for crystalline nitazoxanide (NTZ) and
demonstrate the coexistence of intact NTZ domains
and fcc silver in the composite, supporting successful
incorporation of Ag NPs into the NTZ matrix.

Morphological examination by field-emission
scanning electron microscopy (FE-SEM) further
corroborates the XRD findings. Images of the
isolated Ag NPs at 4,000x and 8,000x magnification
(Fig. 4c—d) reveal predominantly plate and discrete
nanoparticles with an average particle size of *70 nm
and a tendency to form compact aggregates,
consistent with high surface energy and partial
sintering during drying. In the Ag-NPs/NTZ
composite (Fig. 4e-f), the silver nanoparticles are
observed adhered to and partially embedded within
the plate-like NTZ  crystallites, including
accumulation at plate termini.

The antimicrobial effect of silver nanoparticles
(AgNPs) and nitazoxanide-loaded silver
nanoparticles (AgNPs/NTZ) was evaluated against
Corynebacterium pseudotuberculosis and
Corynebacterium jeikeium. AgNPs/NTZ exhibited
significantly enhanced activity compared to AgNPs
alone. (Fig. 5) A direct proportional relationship was
noticed between the concentration of both types of
AgNPs and the inhibition zone diameter excreted
against C. pseudotuberculosis and C. jeikeium (Fig. 5
& Table 4). The inhibition zone diameters were 7.5,
8.5, and 10.27 mm with the concentrations of 1%,
2.5% and 5% of AgNPs, respectively, against C.
pseudotuberculosis, while the inhibition zones were
8.5, 9, and 10.5 mm with the same concentrations,
respectively, against C. jeikeium. On the other hand,
the inhibition zone diameters were 10.71, 12.29, and
15.64 mm with the concentrations of 1%, 2.5% and
5% of AgNPs/NTZ, respectively, against C.
pseudotuberculosis, while the inhibition zones were
16, 17, and 17 mm with the same concentrations,
respectively, against C. jeikeium.

ERIC-PCR on corynebacterial genomic DNA

The ERIC-PCR using the ERIC 2 primer with the
conditions described by [38] showed the best results
concerning the bands' number and sharpness,
consequently allowing more genetic diversity
between isolates.
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ERIC-PCR of 11 C. pseudotuberculosis isolates
and one C. jeikeium isolate revealed distinct genetic
relationships, forming two major clusters at ~72%
similarity. Cluster 1 included only the C. jeikeium
isolate. Cluster 2 comprised all 11 C.
pseudotuberculosis isolates and was further divided
into four subclusters (2A-2D) at ~77% similarity, as
shown in Fig. 6.

Discussion

Caseous lymphadenitis (CLA) is a suppurative
disease that affects small ruminants and is clinically
characterized by the formation of abscesses in
superficial and internal lymph nodes. The disease
results in significant production losses in wool, meat,
and milk vyields, increased culling rates, and
condemnation of carcasses [25,43].

In the current study, corynebacterium isolates
were recovered from 10% of pus and lymph node
samples, which matches the findings of previous
studies in Egypt [14,15,16,17]. It was reported that
CLA has been endemic in Egypt, with
seroprevalence rates ranging from 6.7% to 24.4% in
sheep across various governorates. In addition, [44]
reported that C. pseudotuberculosis was confirmed
using PCR in 10% of sheep lymph nodes.

Of 30 Corynebacterium isolates identified on
morphological and biochemical bases, 11 were C.
pseudotuberculosis as confirmed by PCR assays
targeting the 16S rRNA and pld genes of the species.
The relatively low incidence recorded in this study
could be attributed to the limited geographic area
covered in the study, as well as the vaccination
followed by the owners against CLA. Even though
epidemiological elucidation was not a target in this
study, the obtained isolates were sufficient for
antimicrobial and molecular studies.

A C. jeikeium isolate was recovered from sheep
lymph node and confirmed using the APl CORYNE
20 system. This finding was astonishing as the
lesion, from which it was isolated, was a typical CLA
lesion. Based on what we have of the literature, this
is the first record of C. jeikeium isolation from sheep
in Egypt. However, [45] reported its isolation from
camel lymph nodes. Interestingly, [46] recovered C.
jeikeium from keratitis in a human patient,
highlighting its zoonotic and one-health impact.

In this study, antimicrobial susceptibility profiles
for 11 Corynebacterium pseudotuberculosis and 1 C.
jeikeium isolates revealed variable responses across
17 antibacterial agents. The C. pseudotuberculosis
isolates exhibited complete susceptibility (100%) to
vancomycin, gentamycin, amikacin, amoxicillin-
clavulanate, and chloramphenicol. These findings
match those of [47], who reported that all
corynebacterium isolates were fully susceptible to a
wide range of antibiotics. The results are also similar
to the findings of [48] concerning chloramphenicol.

In contrast, high resistance rates were conferred
against fosfomycin, nitrofurantoin, and nalidixic
acid, as all isolates showed uniform resistance to the
three agents (100%), which is matched with the
findings of [48] who reported 100% resistance of C.
pseudotuberculosis to nitrofurantoin.  Similarly,
cefotaxime and trimethoprim-sulfamethoxazole faced
high resistance. In contrast to our results, [47]
recorded strong susceptibility to cephalosporin.
However, our results are compatible with those of
[20] regarding trimethoprim-sulfamethoxazole.

In this study, intermediate resistance was noted
for erythromycin and streptomycin, similar to what
was reported by [20,44]. Our data also show variable
susceptibility to azithromycin, with 2 isolates
showing intermediate  responses,  potentially
indicating evolving resistance.

Regarding ampicillin, 7 C. pseudotuberculosis
isolates displayed resistance, while one isolate was
intermediately sensitive. Similar findings were
reported by [49,44], who reported strong resistance
of C. pseudotuberculosis against ampicillin.

Tetracycline and ciprofloxacin displayed high
efficacy against most isolates, confirming the results
recorded by [47,49] regarding tetracycline and
quinolones, respectively.

In this investigation, it was surprisingly found
that the lone obtained C. jeikeium isolate showed a
multi-drug resistance (MDR) as it conferred
resistance to five antimicrobial agents belonging to
five different classes (cefotaxime, fosfomycin,
nalidixic acid, nitrofurantoin, and chloramphenicol).
In previous studies, [50,51,52] indicated that of the
true Corynebacterium species, C. jeikeium had
multiple antibiotic resistance. Testing our isolates
against  Fosfomycin,  nalidixic  acid, and
nitrofurantoin was a confirmatory testing, as C.
pseudotuberculosis is known for its resistance to the
three agents [48].

As the results of the antimicrobial sensitivity of
corynebacterium isolates of this study were not
promising for therapeutic application, it was of
significance to look for alternatives.

Concerning the physicochemical characteristics
of nanoparticles prepared in our study, the reflections
obtained with the prepared nanoparticles were
indexed to the (111), (200), (220), (311) and (222)
planes of face-centered cubic (fcc) silver (space
group Fm-3m), in good agreement with the ICDD
reference pattern (01-080-4432) [40] and confirm the
highly crystalline nature of the synthesized Ag NPs.
The XRD trace of the Ag-NPs/NTZ nanocomposite
(Fig. 4b) contains the characteristic Ag reflections
together with additional low-angle peaks (marked
with asterisks) at 26 = 5.2808°, 13.2106°, 15.8698°,
17.6981°, 21.2098°, and 23.1297°, corresponding to
d-spacings of 16.711, 6.701, 5.583, 5.001, 4.175, and
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3.842 A, respectively. The close interfacial contact
and the even distribution of nanoscale Ag on the
NTZ surfaces indicate good mixing and effective
physical integration of the composite components,
which is expected to influence the composite’s
interfacial properties and functional performance.
[40].

Nano-formulated materials have been extensively
assayed for their antimicrobial efficacy. Silver
nanoparticles  (AgNPs) in  earlier  studies
demonstrated the efficacy of metallic nanoparticles
against C. pseudotuberculosis. Notably, [23] reported
that biogenic AgNPs showed strong activity against
both planktonic and biofilm forms of C.
pseudotuberculosis, with notable reductions in
metabolic activity and viable cell counts. [53] also
reported that the efficacy of AgNP-based ointment as
a post-surgical treatment for caseous lymphadenitis
(CL) appeared to be a promising approach,
promoting faster wound healing, reducing microbial
contamination, and showing no observable toxic
effects.

Combining nitazoxanide nanoparticles, a broad-
spectrum antiprotozoal and antibacterial agent, with
AgNPs significantly improved efficacy, supporting
the  hypothesis of  synergistic interaction.
Nitazoxanide interferes with anaerobic metabolism
and has been shown to enhance silver ion release and
membrane disruption when combined with metallic
carriers [24]. No previous studies discussed the effect
of NTZ on Corynebacterium spp. These results
emphasize the potential of AGQNPS/NTZ in combating
multidrug-resistant pathogens and the importance of
molecular surveillance in managing corynebacterium
infections.

Genotypically, C. jeikeium and C.
pseudotuberculosis were categorized into two
distinct clusters based on the ERIC-PCR
dendrogram. Meanwhile, the distinct antimicrobial
resistance  phenotype  further  validates this
classification and supports ERIC-PCR as a powerful
epidemiological and genotypic typing tool. In this
regard, the discriminatory power of ERIC-PCR at the
species level for corynebacteria has been
documented for the first time in this study.
According to what we have of the literature, no
previous studies have tried to assess the genetic
relationship  between C. jeikeium and C.
pseudotuberculosis.

In this study, the ERIC 2 primer with the
conditions described by [38] allowed more genetic
diversity between isolates. An increased number and
sharpness of bands were obtained with the ERIC 2
primer. This could be attributed to the longer time,
which gives a chance for the primer to work well.

Based on ERIC PCR, Cluster 2 that comprised C.
pseudotuberculosis isolates has been subdivided into
four subclusters (A-D), each showing specific
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genetic groupings and corresponding resistance
trends as follow: subcluster 2A (ovine isolates: 66,
125, 135) at ~90% similarity, These isolates, despite
originating from different locations (Bassatin and
Monieb), exhibited close genetic similarity and
shared resistance to five drug classes (ampicillin,
cefotaxime, fosfomycin, nalidixic acid, and
nitrofurantoin), suggesting a clonal lineage possibly
driven by flock movement, shared infection sources,
or uncontrolled animal movement [25,38].
Subclusters 2B and 2C (isolates 212, 224) at ~77.5%
similarity were derived from a sheep and a cow in
Bassatin, respectively. These isolates showed broad-
spectrum MDR (resistance to 6 classes: ampicillin,
cefotaxime, fosfomycin, nalidixic acid,
nitrofurantoin, and erythromycin), indicating a close
genetic  relationship  between  species-specific
corynebacteria or environmental persistence in
mixed-species housing. Subcluster 2D comprised
isolates 172, 310, 75, N, 205, 225 at ~82% similarity.
Although this group showed greater genetic and
phenotypic variability between isolates N, 225, and
205, there was a strong genetic similarity between
isolates 172 and 310 at ~92% similarity. These were
sheep isolates from different localities (Monieb and
Bassatin), evidencing once more the uncontrolled
animal movement that could be a potential route of
disease transmission. The subcluster 2D isolates
surprisingly showed extensive MDR as they resist 10
drug classes (ampicillin, erythromycin, fosfomycin,
nalidixic ~ acid, nitrofurantoin,  streptomycin,
trimethoprim-sulfamethoxazole, erythromycin,
tetracycline, and ciprofloxacin). Isolates 225 and 205
at 82% similarity were originating from sheep and
cow, indicating a close genetic relationship despite
being different nitrate reduction biotypes. Although
both isolates were resistant to 3 antibiotic classes
(fosfomycin, nalidixic acid, and nitrofurantoin),
isolate 225 was resistant to 8 classes, the most
extensive pattern observed. This diversity may reflect
multiple infection sources or evolving resistance
within this lineage.

Mapping resistance profiles onto the dendrogram
revealed a strong correlation between genotypic
clusters and antimicrobial susceptibility. Subclusters
2A-2C showed consistent resistance trends, while
2D exhibited more phenotypic divergence. The
presence of both intra- and interspecies clustering
(e.g., cow and sheep in the same subclusters) further
highlights potential inter-species transmission routes
or shared environmental reservoirs. These findings
are in line with previous ERIC-PCR studies, such as
[38,54], which demonstrated ERIC-PCR’s high
discriminatory index (HGDI ~0.92-0.94) and its
capacity to detect biovar or geography-linked
clusters and resistance-associated patterns of C.
pseudotuberculosis. ERIC PCR is more convenient
and easier to perform if compared to Pulsed-field gel
electrophoresis (PFGE) or nucleotide sequence
analysis. Moreover, PFGE provides biovar-level
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resolution but is less effective in differentiating
closely related Ovis strains [55].

Conclusion

Corynebacterium pseudotuberculosis and C.
jeikeium recovered in this study showed varying
antibiotic resistance patterns to several antibiotic
classes, with consistent multidrug resistance. This
was particularly noted in C. jeikeium. Effective
antibiotics such as vancomycin, amoxicillin-
clavulanate, gentamicin, amikacin, ciprofloxacin, and
tetracycline are recommended for CLA control.
Additionally, nitazoxanide-loaded silver
nanoparticles demonstrated enhanced antimicrobial
activity, offering a promising alternative against
multidrug-resistant strains. Continued surveillance
and biosecurity are essential for effective disease

management. ERIC-PCR revealed genetic diversity
and potential transmission between species and
locations. This study may be of significance for
guiding control programs of CLA in small ruminants.
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TABLE 1. Antimicrobial sensitivity of C. pseudotuberculosis and C. jeikeium isolates

C. pseudotuberculosis

S (1D) | (n/10) R (n/11) % Resistance (R) C. jeikeium

Vancomycin (11/11) (0/11) (0/11) 0 S
Tetracycline (10/11) (0/11) (1/11) 8.3 S
Ciprofloxacin (10/11) (0/11) (1/11) 8.3 S
Cefotaxime (2/11) (0/11) (9/11) 83.3 R
Ampicillin (3/11) (1/11) (7/11) 58.3 S
Rifampin (11/11) (0/11) (0/11) 0 S
Erythromycin (6/11) (1/11) (4/11) 333 S
Trimethoprim-

sulfametto (6/11) (0/11) (5/11) 417 s
Streptomycin (6/11) (0/11) (5/11) 41.7 S
Gentamycin (11/11) (0/11) (0/11) 0 S
Fosfomycin (0/112) (0/11) (11/11) 100 R
Nitrofurantoin (0/112) (0/11) (11/11) 100 R
Nalidixic acid (0/11) (0/11) (11/11) 100 R
Amikacin (11/11) (0/11) (0/11) 0 S
Azithromycin (8/11) (2/11) (1/11) 8.3 S
Amoxicillin-clavulanate (11/11) (0/11) (0/11) 0 S
Chloramphenicol (11/11) (0/11) (0/11) 0 R

* S: sensitive; I: intermediately sensitive, R: resistant.

classes

TABLE 2. The antimicrobial resistance patterns of C. Pseudotuberculosis and C. jeikeium isolates to antimicrobial

Number of Examined Isolates

Number of resisted classes

PR R R R R NN

5 classes
7 classes
4 classes
5 classes
8 classes
3 classes
6 classes
7 classes
8 classes
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TABLE 3. Primer sequences, target genes, amplicon sizes, and cycling conditions of PCR assays

Target Amplified Amplification (35 Cycles)

Gene Primers Sequences Segment Primary Secondary Final
- 5’-3’ i - . .
Primary (-3) (bp) Denaturation Denaturation Annealing Extension Extension
C. F-ACCGCACTTT
Pseudotube AGTGTGTGTG 94 °C 94 °C o 72 °C 72 °C
reulosis R-TCTCTACGC 812 3 min 30 Sec 527C 45 Sec 1 min 10 min
16S rRNA CGATCTTGTAT
ngﬁ:t Primers Sequences Aér:gpr::}ﬁ:i Primary Seconda/:\ymplmcatlon — Final
Primary (bp) Denaturation ' | tion  Annealing Extension  Extension
F-
ATGAGGGAGAAAG
PId gene TTGTTTTA 924 94 °C 94 °C 56 °C 72 °C 72°C
g R- 5 min 40 sec 40 sec 40 sec 10 min
TCACCACGGGTTA
TCCGC

TABLE 4. Mean inhibition zone diameters = SD in (mm) exerted by silver nanoparticles singly or combined with
nitazoxanide

Agent Concentration C. pseudotuberculosis C. jeikeium
Vancomycin 30 pg/disc 29.36 +4.74 34

1% 75+£05 8.5
AgNPs 2.5% 85+05 9

5% 10.27 £1.62 105

1% 10.71£1.80 16
Ag-NPs/NTZ 2.5% 1229 +221 17

5% 15.64 £4.18 17

1000
812

500

Fig. 2. Agarose gel electrophoresis showing amplicons of 812 bp of the 16S rRNA in C. pseudotuberculosis isolates.
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Fig. 3. Agarose gel electrophoresis showing the amplicon size (924 bp) of pld gene of C. pseudotuberculosis isolates

(b)
4000 ——Ag-nps INTZ

Fig. 4. Multimodal characterization of Ag NPs and the Ag—-NTZ nanocomposite. (a, b) X-ray diffraction patterns of
pristine Ag NPs and the Ag-NPs/NTZ composite, respectively. (c, d) FE-SEM micrographs of isolated Ag NPs
at 4,000x and 8,000x magnification. (e, f) FE-SEM micrographs of the Ag-NPs/NTZ nanocomposite at 4,000
and 8,000x magnification, respectively.

Average Zone of Inhibition (mm)

40
30
20
10
¢ mm mm mm_ mli nl EA
do & do Q7 Q7 Q7 &
N N A2 c,\ L,\ f—,\ 9
& % < N N N <
& vooQ v v S v

| H C. pseudotuberculosis lC.jeikeium|

Fig. 5. A graphic representation of the mean zone of inhibition in mm of AgNPs (silver nanoparticles), AGQNPsS/NTZ
(silver nanoparticles-loaded nitazoxanide), and Vancomycin (control positive) against C. jeikeium (orange bar)
and C. pseudotuberculosis (blue bar).
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Fig. 6. Agarose gel electrophoresis of ERIC-PCR products, 81 (C. jeikeium, sheep, Monieb), 135, 125, 212, 172, N, 205
(C. pseudotuberculosis, sheep, Bassatin), 66, 75,310 (C. pseudotuberculosis, sheep, Monieb), 224, 225 (C.
pseudotuberculosis, cow, Bassatin), L (DNA ladder).

Subeluster2| D

100

Samples ID Species  Locality
Sheep

Monieb, Giza

st

Sobeluyerz B '

I} 1]
\IHI
1]

Wil / :

||
| HIIHI\

IHI

Sheep  Bassatin, Cairo

Sheep  Monieb, Giza

Sheep Bassatin, Cairo

br 2

Bassatin, Cairo

Subicluster2 € Bassatin, Cairo

[

Bassatin, Cairo

Monieb, Giza

Monieb, Giza

Bassatin, Cairo

Bassatin, Cairo

N
I
]

3
&

Bassatin, Cairo

Strain
C. jeikeium

C. pseudotuberculosis
C. pseudotuberculosis
C. pseudotuberculosis
C. pseudotuberculosis
C. pseudotuberculosis
C. pseudotuberculosis
C. pseudotuberculosis
C. pseudotuberculosis
C. pseudotuberculosis
C. pseudotuberculosis

C. pseudotuberculosis

Fig. 7. An ERIC-PCR-based dendrogram illustrating the genetic relatedness of Corynebacterium isolates, 81 (C. jeikeium, sheep,
Monieb), 135, 125, 212, 172, N, 205 (C. pseudotuberculosis, sheep, Bassatin), 66, 75,310 (C. pseudotuberculosis, sheep,
Monieb), 224, 225 (C. pseudotuberculosis, cow, Bassatin).
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