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Kocuria rhizophila As the Etiological Agent Infecting Rain-
bow Trout (Oncorhynchus mykiss Walbaum, 1792) in Iran

a a a b
Nazila Yeganeh, Amir Hossein Smiley, Mohammad Reza Kalbassi, Margaret Crumlish

* Department of Fisheries Engineering and sciences, Faculty of Natural Resources and Marine Sciences, University
. of Tarbiat Modares, Tehran, Iran.
Institute of Aquaculture, Faculty of Natural Sciences, University of Stirling, Stirling, UK.

ABSTRACT

An natural acute disease outbreak occurred in two rainbow trout farms located in northern Iran. Affected
fish exhibited clinical symptoms, including ocular opacity, scale desquamation, skin necrosis, superficial to
deep lesions on the dorsal and lateral body surfaces, loss of caudal peduncle tissue, mild exophthalmia, skin
melanization, hepatic hemorrhage and paleness, excessive mucus accumulation in the abdominal cavity,
renal paleness, and intestinal infection. Following biochemical analysis of the bacterium, gene sequencing
was conducted, leading to the identification and registration of a strain known as K. rhizophila TMU97910
in the NCBI gene bank. After the elucidation of the bacterium’s identity, salinity tolerance, and antibiogram
tests were conducted. The results demonstrated that the strain exhibited complete resistance to salinity,
allowing it to thrive in a wide range of salinity conditions. In antimicrobial assays, the isolate showed resist-
ance to Fosfomycin, while remaining sensitive to Florfenicol, Doxycycline, Oxytetracycline, Enrofloxacin,
Sulfamethoxazole/Trimethoprim, Erythromycin, Gentamycin, and Kanamycin. To investigate the behavior
of this bacterium in rainbow trout, pathogenicity, LD, , and histopathology analyses were conducted in
three replicates. Pathogenic symptoms in trout remained consistent. Histopathological examination of the
liver, kidney, spleen, and gills revealed extensive tissue damage caused by this strain, including necrosis,
hemorrhage, degeneration, and tissue wounds. Subsequently, bacterial recovery was achieved, and negative
results for the detection of other pathogens confirmed that Kocuria rhizophila was responsible for the dis-
ease outbreak.
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Introduction

One of the prominent species cultured in the
aquaculture industry is Rainbow trout (On-
corhynchus mykiss). Despite the increasing investment
in its cultivation to produce and supply aquatic food
products, rainbow trout is susceptible to a variety of
bacterial infections, leading to significant production
losses due to morbidity and mortality. Prompt identi-
fication and reporting of emerging infectious diseas-
es are crucial to ensure optimal biosecurity practices
that support the development of health and welfare in
farmed fish, as well as the promotion of global product
placement.

Understanding the inhibiting factors that impact
the progression of aquaculture is crucial. Therefore,
this essay delves into the outbreak of a disease in rain-
bow trout farms situated in northern Iran, which was
documented in November 2018. Affected fish exhib-
ited symptoms such as hemorrhagic septicemia, ex-
tensive wounds on the dorsal and lateral areas, and
lesions on the caudal peduncle, r in some cases lead-
ing to the complete exposure of the vertebral column.
Additionally, some parts of the skin were detached
from the underlying tissue. Reports from the affected
sites also indicated occurrences of exophthalmia, skin
melanization, ocular opacity, and elevated mortality
rates.

Preliminary diagnosis based on both clinical
observations and biochemical analyses suggested a
bacterial etiology, indicating the emerging pathogen
Kocuria spp. Members of the Kocuria belong to the
family Micrococcaceae, within the order Actinomy-
cetes [1]. Based on the phylogenetic reclassification of
the genus Micrococcus using 16§ rDNA sequencing
and chemotaxonomic data, the genus was found to be
heterogeneous, with its species distributed across five
distinct clusters. Consequently, only M. luteus and M.
lylae were retained within the emended genus Micro-
coccus, while three species M. roseus, M. varians, and
M kristina were transferred to the novel genus Kocu-
ria [2]. These Gram-positive coccoid bacteria whose
main habitat is soil were first isolated and reported
from the rhizoplane of Typha angustifolia [3].

Overall, The aforementioned information serves
as the basis for asserting that a recent discovery has
identified a specific species within the Kocuria ge-
nus, Kocuria rhizophila, as an "emerging pathogen"
responsible for causing illness in brown trout and
farmed rainbow trout in Poland [4]. It is clear that
there is limited available data regarding the impact of
this microorganism on natural disease outbreaks in
aquaculture settings. Therefore, the present study

aims to investigate the prevalence, virulence fac-
tors, histopathological features, and control measures
of an emerging disease caused by Kocuria rhizophila
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in rainbow trout farms in Iran, through the isolation
and identification of the bacterium from regional
aquaculture facilities.

Results

Fish Sampling During a Natural Disease Out-
break

Moribund rainbow trout exhibited a range of ex-
ternal clinical signs consistent with systemic bacterial
infection. These included hemorrhagic septicemia,
deep ulcerative lesions on the dorsal and lateral body
surfaces, and lesions localized to the caudal peduncle.
Additional clinical manifestations included exoph-
thalmia, skin melanization, and ocular opacity. Inter-
nally, the fish displayed renal opacity, liver congestion,
and intestinal inflammation.

Bacteria Isolation, Identification, and Morpho-
logical Characteristics

Regardless of the agar type used, colony growth
was completed at 22°C after approximately 48-72
hours and at 37°C within 24 hours. The bacterial col-
onies were characterized as non-mucoid, yellow pig-
mented, convex circular, and umbonate with entire
margin. No hemolytic activity was observed on blood
agar. The cultures were identified as Gram-positive
cocci, exhibiting positive oxidase and catalase reac-
tions. The isolates were non-motile, and exhibited a
non-fermentative metabolic profile, as indicated by
the TSI test, which showed no gas or H2S production.
Additionally, the bacterium did not metabolize tryp-
tophan, mannitol, or citrate, and no glucose fermen-
tation was detected.

Bacterial DNA extraction and identification
using PCR and 16SrRNA sequencing

A distinct 1500 bp amplicon was observed in the
eubacterial PCR assay. However, 16S rRNA sequenc-
ing yielded a partial gene sequence of 1394 bp, which
was subsequently submitted to the GenBank data-
base. Sequence analysis of the 16S ribosomal RNA
confirmed the isolate as Kocuria rhizophila strain
TMU97910. The strain name was officially registered
in the National Center for Biotechnology Information
(NCBI) database. The nucleotide sequence has been
assigned the accession number MW947584, and the
complete genome sequence, and interpretation of K.
rhizophila TMU97910 can be accessed via the follow-
ing NCBI link: https://www.ncbi.nlm.nih.gov/nuc-
core/MW947584. The phylogenetic tree is presented
in Fig 1.

Kocuria rhizophila As the Etiological Agent Infecting Rainbow
Trout
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Bacillus cameus JX293300

Kocuria marina KJ812334
100 100
Kecuria indica MT225653
100
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Kocuna rhizophila ME465366
Figure 1.
100 The Kocuria rhizophila phylogenetic tree
based on 16SrRNA sequence
Kocuria rhizophila KJ476722)
65

Ko curia rhizophila MW 347534

Salinity tolerance test

The strain K. rhizophila TMU97910 exhibited ro-
bust growth across all NaCl concentrations, as indi-
cated by viable colony counts. Conversely, no growth
was detected in the negative control.

Antibiogram Testing

The antibiotic susceptibility profile of K. rhizophi-
la strain TMU97910 is presented in Table 1. The strain
demonstrated sensitivity to several antibiotics, includ-
ing Florfenicol, Enrofloxacin, Oxytetracycline, Dox-

Table 1.
Antibiogram test of Kocuria rhizophila TMU97910
Kocuriz} rhi- Disc content Antimicrobial agent
zophila

40 mm- S 30 pg Florfenicol

37 mm- S 1.25/23.75 g E;T:;:l‘;p rime/sulfame-
40 mm- S 10 ug Gentamicine

21 mm- S 30 ug Kanamycine

35 mm-S 30 ug Oxytetracycline

40 mm-$ 30 pg Doxycycline

0 mm-R 20 pg Fosfomycin

35 mm-S 5ug Enrofloxacin

Kocuria rhizophila As the Etiological Agent Infecting Rainbow
Trout

ycycline, Sulfamethoxazole/Trimethoprim, Erythro-
mycin, Gentamycin, and Kanamycin. However, the
strain exhibited resistance to Fosfomycin.

Pathogenicity and LC_,

The mortality of rainbow trout began in all fish
groups exposed to the bacterium within 48 hours
post-injection. The mortality patterns were consistent
across all concentrations during the initial four days.
At the lowest concentration (102 CFU/fish), mortality
reached 60%. Subsequently, after seven days of stabili-
ty, mortality increased rapidly to 80% by day 11. In the
10° CFU/fish group, mortality also reached 60%, re-
mained stable for six days, and then increased sharply
to 100% by day 11 post-infection. Higher concentra-
tions (104, 10%, and 10° CFU/fish), resulted in rapid
mortality within the first three days, reaching 60%,
80%, and 40% respectively. After one day of stabili-
ty from day 4, there was a rapid increase in mortality
exceeding 100%. The results of the probit analysis and
the survival plot are presented in Figures 2A and 2B,
respectivel.

The experimental challenge study revealed typi-
cal clinical signs observed in moribund rainbow trout
exposed to the bacterium. Affected fish exhibited skin
damage, necrotic areas leading to tissue damage of the
caudal peduncle, focal ulcers on the dorsal and lateral
body surfaces, ocular opacity, and pale liver and kid-
ney.

Yeganeh et al., IJVST 2026; Vol.18, No.3
DOI: 10.22067/ijvst.2026.89008.1400
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A
Probit Analysis of Kocuria rhizophila Virulence
105
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2A. Probit analysis for deter-
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Histopathology Discussion

Histopathological results are presented in Fig 3.
Re-isolation of the bacterium from the liver, kidney,
spleen, and gills, followed by biochemical tests, in ac-
cordance with Koch’s hypothesis, verified the presence
of K. rhizophila in these organs. The histopathologi-
cal changes in the rainbow trout (B, E, H, K) injected
with K. rhizophila were examined. The histological
alterations in the kidney demonstrated tubular de-
generation, severe lesions, and necrosis (B). The liver
illustrated cellular necrosis, hypertrophy, congestion,
hemorrhage, sinusoidal dilation, and the presence of
pyknotic nuclei. The gills showed necrosis, edema, hy-
pertrophy of mucous cells, curvature, clubbing of the
tips, shortening of secondary lamellae, and epithelial
individuation (H). The spleen tissue of the rainbow
trout illustrated hemosiderin, necrosis, white pulp,
and red pulp (K).

Yeganeh et al., IJVST 2026; Vol.18, No.3
DOI: 10.22067/ijvst.2026.89008.1400

To address the emerging threat of Kocuria rhizo-
phila in rainbow trout aquaculture, this investigation
focused on determining the occurrence, virulence
attributes, histopathological damage, and practical
control strategies, drawing upon bacterial strains
successfully isolated from affected farms across Iran.
The present study successfully fulfilled Koch’s postu-
lates, confirming that the strain identified as Kocuria
rhizophila TMU97910 is capable of inducing disease
under experimental conditions, similar to the natural
disease observed in rainbow trout. Although this bac-
terium was not considered a pathogen to farmed fish
species before the first report [4], the results from the
current study, similar to Pekala’s report, support the
emergence of K. rhizophila as an emerging fish patho-
gen. In the current study, the disease emerged in an
acute form in the investigated farms. The naturally
infected fish presented a broad range of clinical signs,
including exophthalmia, melanization, skin lesions,

Kocuria rhizophila As the Etiological Agent Infecting Rainbow
Trout
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Figure 3.
Histopathological changes in rainbow trout due to Kocuria rhizophila infection were observed in

various tissues (2, 4, 6, 8). The histological examination of the kidney from the infected group
revealed tubular degeneration, severe lesions, and necrosis (2), whereas the liver exhibited mela-
nomacrophages, necrosis, hypertrophy, congestion, hemorrhage, sinusoidal dilatation, and pyk-
notic nuclei (4). Similarly, the gills showed necrosis, edema, hypertrophy of the mucous glands,
curvature, clubbing of the tips, shortening of secondary lamellae, and epithelial individuation (6).
The spleen tissue of the infected rainbow trout displayed hemosiderin, necrosis, white pulp, and red
pulp (8). Abbreviations: (M) Melanoma macrophages; (H) hematopoietic tissue; (L) tube lumen;
(Dt) distal tubules; (D) degeneration of tubules; (SL) Severe lesions; (N) necrosis; (Ht) Hypertro-
phy; (Cs) Congestion; (H) Hemorrhage; (Ds) Dilatation Sinusoidal; (PN) Pyknotic Nuclei; (HS)
Hemosiderin; (Oe) Oedema; (Htm) Hypertrophy of the mucous glands; (Cu) Curvature; (Ct) Club
tip; (SSL) shortening of secondary lamellae; (EI) Epithelial individuation; (Wp) White pulp; (Rp)
Red pulp; Fibroblast. Stained with hematoxylin and eosin (x400)

Kocuria rhizophila As the Etiological Agent Infecting Rainbow Yeganeh et al., IJVST 2026; Vol.18, No.3
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necrotic tissue erosion, ocular opacity, superficial to
deep wounds on the body tissue, pale liver and gills,
along with intestinal inflammation. Notably, a similar
spectrum of clinical symptoms was observed in rain-
bow trout infected by K. rhizophila naturally and arti-
ficially (experimental challenge).

Prior to 2016, data in the NCBI Gene Bank data-
base did not document the isolation of K. rhizophila
from diseased fish. The first report of its pathogenicity
in aquaculture industry was recorded in 2018 in Po-
land [4].

In the current study, K. rhizophila strain
TMU97910 required an incubation period between
48 to 72 h when grown on artificial media incubated
at 22 or 37°C. This was in agreement with previous
studies by Savini [5] and Pekala [4] on strains of K.
rhizophila.

Another remarkable feature of the genus Kocuria
is its halotolerant nature. Several species, including
K. kristinae, K. rhizophila, and K. marina, have been
reported to tolerate sodium chloride concentrations
exceeding 10% [3; 6]. In the present study, the strain
K. rhizophila TMU97910 could grow at all salinity
ranges tested under in vitro conditions, aligning with
previous studies for members of this genus. This fea-
ture demonstrates that the strain has the potential to
cause disease not only in brackish and freshwater fish
but also in saltwater fish. In other words, the strain
showed to survive in saline environments from zero
to saturation effortlessly.

The antibiotic susceptibility profile of Kocuria
species remains incompletely understood. Although
there are case reports of antimicrobial susceptibility
test results, they are insufficient to determine the ex-
act susceptibility of Kocuria species [7]. Limited data
is available on the antibiotic sensitivity of emerging
fish pathogen K. rhizophila. For example, Pakala et
al. [4] observed susceptibility of their K. rhizophila
strains to doxycycline and amoxicillin/clavulanate,
whereas resistance to norfloxacin was observed in a
study where K. rhizophila was isolated from the blood
of a child with sepsis [8]. Another study reported re-
sistance of K. rhizophila isolated from a sick child’s
blood to ciprofloxacin and erythromycin [9]. Meletis
[10] found that Kocuria isolated from a continuous
ambulatory peritoneal dialysis (CAPD) patient was
resistant to levofloxacin. Lee [11] highlighted the im-
portance of Kocuria in nosocomial infections, sug-
gesting that Kocuria species should be considered po-
tential pathogens in immuno-compromised patients,
particularly in intensive care and neonatal units. They
reported that over 50% of patients suffered inva-
sive infections with Kocuria as a secondary disease.
Studies on drug resistance genes have indicated that
DnaE2, a component of replicating DNA polymeras-

Yeganeh et al., IJVST 2026; Vol.18, No.3
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es, may contribute to drug resistance in Mycobacte-
rium tuberculosis [12]. The genome of K. rhizophila
DC2201 also contains a dinB homolog (KRH_14930)
that may encode the Y family-susceptible DNA poly-
merase IV, potentially leading to drug resistance [13].
In the present study, K. rhizophila exhibited resis-
tance only to fosfomycin while remaining sensitive
to a broad range of antibiotics, including florfenicol,
doxycycline, oxytetracycline, enrofloxacin, sulfame-
thoxazole/trimethoprim, erythromycin, gentamicin,
and kanamycin, which could aid in controlling and
treating diseases caused by this strain.

It is important to note that the identification and
confirmation of pathogenic agents require pathoge-
nicity studies. In other words, in the case of poten-
tial emerging or novel diseases, pathogenicity assess-
ment are essential to confirm whether the potential
pathogen is the etiological agent responsible for the
observed disease outbreak. In the presented study, the
bacterium was introduced via injection, which is a
common method for determining etiology but is also
the most unnatural, as it bypasses the host’s immune
response, providing a better chance for the bacteria
to spread and cause disease. Therefore, studies on the
natural exposure of fish to bacteria are necessary to
determine disease risk. However, the bacterial strain
recovered from natural outbreaks in the farms not
only caused high mortality in rainbow trout but also
induced clinical signs of the disease.

As no accessible results were available to deter-
mine the LD, of this bacterium in rainbow trout, we
investigated the LD, in O. mykiss. According to the
linear graph, the mortality trend increased rapidly in
the first three days and reached 100% by the 14 day in
all groups except at a concentration of 10> CFU/fish.
The LD, at 72 hours was 5x10° CFU/fish. Therefore,
these results serve as a warning to the aquaculture in-
dustry regarding the significance of this bacterium in
causing disease in these fish.

Histopathological analysis remains the primary
diagnostic tool available for fish disease, while oth-
er methods are used for laboratory confirmation of
pathogen identification. In the present study, the his-
tological changes in the kidney demonstrated tubular
degeneration, severe lesions, and cellular necrosis. The
liver showed accumulation of melanomacrophages,
necrosis, hypertrophy, congestion, hemorrhage, sinu-
soidal dilatation, and pyknotic nuclei [14]. Haaparan-
ta [15] reported that pigments within melanomacro-
phage centers possess bactericidal properties, which
may explain the accumulation of melanomacrophages
during infection. Additionally, as a result of the entry
of foreign agents into the fish body, phagocytic cells
accumulate at the site and continue to cleanse the
dead agents and cells after their elimination [16].
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In the gills, necrosis, edema, mucous glands hy-
pertrophy, club tip, shortening of secondary lamellae,
epithelial individuation, and curvature were observed.
The shortening of secondary lamellae in gills may lead
to reduced respiratory gas exchange, as reported in
the study by Ostaszewska [17]. Edema and epitheli-
al individuation in rainbow trout are likely associated
with osmotic imbalance, as previously described by
Al-Bairuty [14]. Moreover, hypertrophy is a compen-
satory reaction to decrease the absorption of environ-
mental factors. Overall, these mechanisms increase
the distance between the external environment and
the blood, serving as an obstacle to the entrance of
foreign agents. The decrease in surface area causes a
reduction in respiration, as recorded in the study by
Camargo [18].

In the spleen, the presence of necrosis, hemosid-
erin deposits, and white and red pulp were observed.
The presence of hemosiderin in the rainbow trout in-
fected by K. rhizophila at a concentration of 106 CFU/
fish is due to b-hemolysin, which performs hemolysis
in the fish’s body and causes the deposition of hemo-
siderin, as reported in the study by Abdelhamed [19].

The areas of necrosis are the most significant le-
sions created in all four tissues. Histological chang-
es might be toxin-mediated bacterial infections,
evidenced by the level of hemorrhages and cellular
necrosis, similar to descriptions reported by Abdel-
hamed [19]. Other studies have indicated that when
fish are exposed to toxic substances, the gills present
lesions such as necrosis, hypertrophy, and hypertro-
phy of the mucous glands [20; 21; 22].

In a study by Dong [23], it was stated that histo-
pathological changes induced by gram-negative and
positive bacteria are often similar, including necrosis,
infiltration of inflammatory cells, degeneration, hy-
drolysis, fat degeneration, and hemorrhage. Accord-
ing to them, kidney damage in fish was observed with
almost all isolates of gram-positive bacteria. It is evi-
dent that serious damage has been done to the tissues
by this strain.

Despite the documentation of Kocuria species in
various countries, there has been no prior documen-
tation of their pathogenicity in the Iranian aquacul-
ture industry. This study revealed that K. rhizophila
is an emerging fish pathogen capable of causing dis-
ease in rainbow trout, representing the first reported
rainbow trout infection by this strain in Iran. Given
the significance of this disease in the aquaculture in-
dustry, this study conducted pioneering research on
the histopathology, pathogenicity, and LD, of this
bacterium. Additionally, as it is an emerging disease
without a specific designation, the disease caused by
K. rhizophila can be termed “Kocuriasis”
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Materials and Methods
Fish sampling and bacteria isolation

In November 2018, a total of 20 moribund rainbow trout ex-
hibiting clinical manifestations, consistent with those described
by Pekala [4], were collected from two aquaculture facilities in
Amol, northern Iran. The fish were transported to the laboratory
of the Faculty of Marine Sciences at Tarbiat Modares University
(Noor), under aeration at a temperature of 17°C for 45 minutes.
Upon arrival at the laboratory, the fish underwent a gross exam-
ination to assess clinical signs of disease, and samples were collect-
ed for bacterial isolation following the methodologies outlined in
the study by Pekala [4].

Prior to sampling, the fish were rinsed with physiological sa-
line (0.9% NaCl, Merck) to eliminate any external contaminants.
Subsequently, aseptically, tissue samples from the kidney, liver, and
spleen were cultured on Blood Agar plates (BA; 5% sheep blood,
Ibresco), Trypticase Soy Agar (TSA, Ibresco), and Nutrient Agar
(NA, Liofilchem). The samples were then incubated at 22°C for
24-72 hours until visible colonies appeared. Blood culturing (from
the caudal vessel) was conducted following the protocol outlined
by Weinstein [24]. Briefly, 0.1 mL of broth was spread-plated onto
BA, TSA, and NA media and incubated at 22°C for 24-72 hours.
Daily monitoring of all samples continued for a maximum of 72
hours, with detailed descriptions of colony growth and morphol-
ogy. Purification was carried out as necessary. Subsequent subcul-
turing of a single colony on BA was performed at both 22°C and
37°C for 24-48 hours. Pure cultures were then preserved at -80°C
in Tryptic Soy Broth (TSB, Ibresco) supplemented with 15% glyc-
erol (Merck) [4].

Bacteria identification and morphological
characteristics

Morphological and biochemical characterizations were con-
ducted according to the methods outlined in Buller [25]. Pheno-
typic and biochemical reactions were assessed through a series of
tests, including Gram staining, oxidase and catalase tests, hemo-
lysis analysis, motility examination, Indole test, iron utilization
test, sodium thiosulfate test (SIM), growth on Mannitol Salt Agar
(MSA), Triple Sugar Iron (TSI) test, MacConkey agar (MAC)
growth, Methyl Red/Voges-Proskauer (MRVP) test, and Citrate
utilization test as described by Buller [25]. Each sample was incu-
bated at either 22°C or 37°C for a period of 48-72 hours, with pos-
itive and negative controls set at each temperature. Subsequently,
the results of these tests were recorded.

Bacterial DNA extraction and identification
using PCR and 16SrRNA sequencing

Genomic DNA was extracted from the isolate utilizing the
methodology outlined in the commercially accessible Sinagen
kit (Iran). In summary, a single colony was cultured into 100 ml
of Tryptic Soy Broth (TSB) for 24 hours at 37°C, and bacterial
DNA was isolated using a digestion buffer comprising Sodium
Dodecyl Sulfate (SDS), sodium Chloride-Tris-EDTA (STE) buf-
fer, and proteinase K. The purification process involved two stag-
es of extraction with Phenol, Chloroform, and Isoamyl alcohol
(25-24-1), followed by DNA precipitation with absolute ethanol.
Subsequently, the DNA was eluted in 50 pL of sterile distilled
water. The sample underwent 16SrRNA PCR analysis as per the
techniques delineated by Sanger [26] employing the primer set:
27F (AGAGTTTGATCCTGGCTCAG) and 1492R (TACGGY-
TACCTTGTTACGACTT) [26]. The PCR was carried out in a
PeQlab thermocycler (Germany), with under the following con-
ditions: initial denaturation at 95°C for 15 minutes, followed by
35 cycles comprising denaturation at 95°C for 30 seconds, anneal-
ing at 72°C for 25 seconds, and extension at 72°C for 10 minutes.
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Subsequently, 5 pl of the product was visualized on a 2% agarose
gel in TBE 1X buffer supplemented with Greenview fluorescent
dye. The PCR product underwent purification using a Column
RNA isolation kit and was then sent for sequencing to Transferred
(BJI Company; China). A comparison between the sequence of
the isolate and existing entries in Gen Bank was conducted, and a
phylogenetic tree was constructed utilizing MEGA 7.0 software.

Salinity tolerance test

Salinity tolerance was evaluated using a standard bacteri-
al growth assay as previously described [3]. A single colony was
aseptically inoculated into 10 ml of Tryptic Soy Broth (TSB) with
varying NaCl concentrations (5% - 40% w/v). The cultures were
incubated in a rotary shaker (150 rpm) at 22°C for 24 hours. Bac-
terial growth (turbidity) was quantified using a spectrophotome-
ter (JENWAY 6305 UV/VIS) at OD,, [27]. After 24 hours, 100 ul
of the culture was aseptically spread on Tryptic Soy Agar (TSA)
plates to confirm cell viability and then incubated at 22°C for an-
other 24 hours.

Antibiogram test

Antibiogram tests were conducted using the Kirby-Bauer disc
diffusion assay, following the procedures outlined in CLSI (2006).
In summary, a bacterial suspension was prepared in sterile physio-
logical saline and adjusted to match the 0.5 McFarland standards.
Lawn cultures were established by aseptically applying swabs sat-
urated with the bacterial suspension onto clean Muller Hinton
agar (Ibresco) plates. Subsequently, the plates were allowed to
air dry at room temperature for 5 minutes before antibiotic-im-
pregnated paper discs (procured from Padtan Teb) were carefully
positioned on the agar and then incubated at 22°C for 24 hours.
Each agar plate accommodated a maximum of 5 discs. The zones
of inhibition were measured, and the findings were categorized
as sensitive (=16 mm), intermediate (12-15 mm), or resistant
(€11 mm) based on the diameter of the inhibition zones [28]. The
antibiogram tests included: Florfenicol (FF-30 pg), Enrofloxacin
(NFX-5 pg), Oxytetracycline (T-30 pg), Doxycycline (D-30 pg),
Sulfamethoxazole/Trimethoprim (SXT-1.25 / 23.75 pg), Erythro-
mycin (E-15 pg), Gentamycin (GM-10 pg), Kanamycin (K-30 pg),
and Fosfomycin (Fos-20 ug).

In-vivo Fish Challenge

To assess the pathogenicity, an in vivo challenge was conduct-
ed on rainbow trout. The fish (130-145 g) were obtained from a
local farm in Mazandaran province, transported, and placed in
100-liter aerated tanks under a 12-hour light/dark cycle, with a
water temperature of 17°C, oxygen levels at 8 mg/l, and a pH of
7.2. Throughout the 14-day acclimation period, the fish were fed
twice daily with a standard commercially extruded feed, and fifty
percent of the water was exchanged daily.

To enhance the bacterial virulence, individual fish (n=3) were
injected with 1.2 x10® CFU/fish. The bacterium was then isolated
from the moribund fish and subsequently identified. This pas-
saged strain was selected for the challenge and subsequent LD,
studies.

For LD, determination, fish were randomly distributed into
experimental groups (n = 5 per tank). There were six treatment
groups where each fish were exposed to the bacterium through in-
traperitoneal injection of a 0.1 ml volume of the bacterial suspen-
sion at concentrations of 10%/10%/10%/10°/10° CFU/fish. The final
treatment group served as a control, where fish were treated in the
same manner but did not receive the bacteria; instead, the control
fish were injected with 0.85% (w/v) saline. The LC,; (96h) was cal-
culated using Probit Analysis with a 95% confidence interval [29].

For the bacterial challenge, the bacterium was cultured in TSB
for 24 hours at 22°C. The cells were then harvested by centrifuga-
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tion and resuspended with sterile saline to reach a specific optical
density (OD,, ). The concentration of the bacterium resulting in
more than 50% mortality was confirmed during the LD,  stage us-
ing viable colony counts, following the method described by Miles
and Misra [30].

Each fish in treatment group one was exposed to the bac-
terium through intraperitoneal injection of a 0.1 ml volume of
the bacterial suspension. Fish in treatment group two received
a similar volume of sterile 0.85% (w/v) saline via intraperitoneal
injection, as outlined by Alghabshi [31]. The fish were monitored
daily for 14 days, with mortality and morbidity recorded every 24
hours. Any moribund fish was removed and sampled for histopa-
thology (limited to moribund fish only), with bacterial recovery
and identification conducted as previously described.

The fish were observed daily for any clinical signs of disease,
including reduced feeding and behavioral changes. Samples were
collected for bacterial recovery and histopathology as outlined.
These trials were conducted to fulfill Koch’s postulates.

Histopathology

Tissue samples from the gills, liver, spleen, and anterior kid-
ney were collected from three fish per treatment group (when
they exhibited immobility and weakened operculum perfor-
mance). Samples were were aseptically extracted and processed
for histopathological analysis, following the procedures outlined
in the study by Chen [13]. Initially, all tissues were immersed in
10% formalin (Sigma-Aldrich) for 24 hours for fixation followed
by processing using a Tissue Processor (DS2080/H, Iran) and Tis-
sue Float Machines (Labtron, Iran), followed by embedding in
wax. The tissue sections were sliced to a thickness of 5 microm-
eters using a Microtome Accu-Cut (Accu-Cut® SRM™ 200 Rota-
ry Microtome) and subsequently stained with hematoxylin and
eosin (HE) as described by Chen [32]. The tissue samples affixed
to microscope slides were examined under a light microscope at
magnifications of up to 100x, equipped with a camera (Optika,
B-293, Italy) for image capture, in accordance with the methodol-
ogy detailed by Legario [33].
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ABSTRACT

Thin and damaged endometrium represents a significant challenge in managing pregnancies, and may
contribute to postpartum uterine disorders, recurrent miscarriages, and other complications. Although
various treatments have been proposed, their effectiveness remains inconsistent. Recently, scientists have
turned their attention to platelet-rich plasma (PRP) for its growth factors and cytokines in human medicine.
However, its potential for reconstructing endometrial issues in canine models has not yet been adequately
investigated. Therefore, the present study aimed to investigate the therapeutic properties of PRP on etha-
nol-induced endometrial damage in dogs. Twelve healthy adult mixed-breed dogs were randomly divided
into four groups: group E received 95% ethanol in uterine horns to create a model of endometrial damage;
group E+NS received saline 72 hours post-injury; group E+PRP received PRP 72 hours post-injury; and
group NS+PRP was initially given normal saline and PRP 72 hours later. The results showed significant
improvements in endometrial thickness, epithelial repair, and uterine gland density in the E+PRP group
compared with the E group (P < 0.05). The E+NS group did not show significant differences in comparison
to the E group. The results showed a decrease in bleeding and necrosis severity in the E+PRP group. Addi-
tionally, hyperemia and hemosiderosis levels in the E+PRP, E+NS, and E groups were similar. In conclusion,
the utilization of PRP was successful in the treatment of ethanol-induced endometrial injury in dogs. These
findings suggest that PRP may represent a promising regenerative therapy for thin endometrium and related
reproductive disorders.
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Introduction
Y'he endometrium plays a vital role in the fe-
male reproductive system. Structurally, it
consists of blood vessels, glands, epithelial tissue, and
stroma. Previous studies have indicated that alter-
ations in uterine tissue composition and damage can
significantly disrupt the normal physiological cycle,
affecting embryo implantation and overall pregnancy
outcomes [1-3]. Moreover, endometrium thickness is
important, as it affects implantation of embryo, deliv-
ery, and fetal birth weight [4-8]. Clinical and exper-
imental evidences have highlighted that variations
in endometrial thickness can significantly influence
embryo survival rates after intrauterine insemination,
with thinner endometria correlating with lower sur-

vival rates [9, 10].

The pathogenesis of thin endometrium remains
incompletely understood and is likely multifactorial.
Several mechanisms have been proposed, including
increased cellular senility, elevated collagen deposi-
tion, and decreased expression of genes, all derived
from models of thin uterine disease, as well as inflam-
matory atrophy and immune dysfunction observed in
veterinary endometritis cases [11]. As a result, a range
of therapies has been developed to counteract these
pathogenic pathways. For instance, the efficacy of
vaginally administered sildenafil has been examined
in patients who have experienced failure in in vitro
fertilization (IVF) as a result of endometrial dysplasia
[12]. Additionally, other treatments such as estrogen,
long-acting aspirin administered in low-doses, and
intrauterine infusion of granulocyte colony-stimu-
lating factor (G-CSF) have been employed [13, 14].
Although some of these interventions have shown
promising results, the effectiveness of these therapies
remains inconsistent, and an optimal treatment ap-
proach for thin endometrium has not yet been estab-
lished.

Platelet-rich plasma (PRP) is known for its high
concentration of platelet activators that stimulate cy-
tokine and growth factor activity. Evidence suggests
that intrauterine injection of PRP can enhance en-

Abbreviations-Cont'd

ELISA: enzyme-linked immunosorbent assay
FGF: fibroblast growth factor

G-CSF: granulocyte colony-stimulating factor
H&E: hematoxylin and eosin

IGF: insulin-like growth factor

IVEF: in vitro fertilization

MSCs: mesenchymal stem cells

NS: normal saline

PDGE: platelet-derived growth factor

PRP: platelet-rich plasma
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dometrial growth and implantation. PRP contains a
greater number of platelets compared to general cir-
culation, which allows it to promote proliferation and
repair through a rich supply of various cytokines and
growth factors, such as transforming growth factor
beta (TGF-P), fibroblast growth factor (FGF), vas-
cular endothelial growth factor (VEGF), epidermal
growth factor (EGF), connective tissue growth factor
(CTGF), insulin-like growth factor (IGF), platelet-de-
rived growth factor (PDGF), and interleukin-8. Al-
though platelet transfusion is applied to an increasing
extent in various medical fields including osteoarthri-
tis, nerve injury, and plastic surgery, its use in gyneco-
logical and obstetric conditions is still limited [15, 16].
To date, no published in vivo or in vitro studies have
specifically evaluating the effect of PRP growth factors
on the canine endometrium. Consequently, the objec-
tive of this research was to evaluate the therapeutic
impact of PRP on the treatment of thinned endome-
trium in a canine model.

Results

None of the dogs showed clinical complications
associated with anesthesia, surgery, or intrauterine
injection procedures. In the NS+PRP group, uterine
tissue exhibited a normal structure, although mild
hyperemia was observed in some sections, which
was considered within normal physiological limits.
The endometrial cylindrical epithelium remained in-
tact and continuous, and the density of submucosal
glands was preserved at normal levels. No pathologi-
cal alterations, including hemorrhage, necrosis, or he-
mosiderosis were detected (Figure 1). In contrast, the
E and E+NS groups showed severely reduced endo-
metrial thickness due to extensive necrosis. Epithelial
regeneration was poor and intermittent in some sec-
tions. In addition, glandular density was significant-
ly diminished, with only minimal evidence of tissue
regeneration. Submucosal cellularity was severely re-
duced, and significant hemosiderosis associated with
extensive hemorrhage was observed in these tissues
(Figure 2). Conversely, the E+PRP group showed
substantial histological improvement following treat-
ment. Endometrial thickness increased significantly
accompanied by marked tissue repair. Re-epitheli-
alization of the endometrium was highly successful,
with approximately 90% epithelial healing observed.
A considerable degree of uterine gland regeneration
was also evident. Following tissue repair, submucosal
cellularity increased, while pathological changes, in-
cluding hyperemia, hemorrhage, and hemosiderosis,
were markedly reduced (Figure 3).

As presented in Table 1, the E+PRP group demon-
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strated significant improvements in endometrial
thickness, epithelial repair, and uterine gland densi-
ty compared with the E group (p < 0.05). Converse-
ly, the E+NS group showed no significant differences
in these items compared with E group. The findings
also indicated reduced severity of hemorrhage and
necrosis in the E+PRP group compared with the E
group, indicating a positive trend in improvement.

Figure 1.
Uterus
group.
The figure illustrates normal
uterine tissue structure, fea-
turing normal uterine glands
(arrow in A) located in the en-
dometrial submucosa, as well
as integrated epithelial tissue
(arrow in B) observed in all
sections of the healthy group.
In all pictures, the density of
uterine glands and the cellu-
larity of the submucosa were
found to be consistent and
normal. H&E staining.

of dogs, NS+PRP

Figure 2.

Uterus of dogs, E and E+NS
groups.

The figure shows extensive
necrosis of the endometrial
epithelium (arrows in A and
B), accompanied by severe
hemorrhage and hyperemia
of the submucosal vessels (ar-
row in D). Additionally, there
was a significant reduction in
endometrial thickness due to
necrosis and marked destruc-
tion (arrow in C) of the epithe-
lium, submucosa, and uterine
glands. H&E staining.

In contrast, the E+NS group exhibited no changes or
improvement trends relative to the E group. Further-
more, the levels of hyperemia and hemosiderosis in
both the E+PRP and E+NS groups did not differ sig-
nificantly from those in the E group (Table 1), though,
E+PRP group showed relatively improved outcome
(Figure 3).

PRP effects on canine damaged endometrium

Kazemi-Darabadi et al., I[JVST 2026; Vol.18, No.3
DOI: 10.22067/ijvst.2026.92962.1498




IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

RESEARCH ARTICLE

Table 1.
Histopathologic findings in different experimental groups.
Groups
Parameter .
E E+NS E+PRP NS+PRP Unit P-values
Epithelial healing 102 102 90° 100° % 0.025
Endometrial
4.22+0912 475+ 1.732 9.76 + 3.41° 12.87 + 4.67¢ Mean + SD 0.036
thickness (pm)
No. of uterus
3.19 £0.512 4.22 £ 0.362 21.50 + 2.08P 37.62 £ 4.84¢ Mean + SD < 0.0001
glands
Hyperemia 2.0 (1.0-3.0)2 2.0 (1.0-2.0)2 1.0 (0.0-1.0)= 0.0 (0.0-0.0)® Median (IQR) 0.025
Hemorrhage 3.0 (2.0-3.0)* 2.0 (2.0-3.0)2 1.0 (1.0-2.0)® 0.0 (0.0-0.0)® Median (IQR) 0.036
Cellularity 2.0 (2.0-3.0)2 2.0 (1.0-2.0)2 1.0 (0.0-1.0)® 0.0 (0.0-1.0)® Median (IQR) 0.052
Hemosiderosis 2.0 (1.0-2.0)2 2.0 (1.0-3.0)2 1.0 (0.0-1.0)a 0.0 (0.0-0.0)® Median (IQR) 0.059
Necrosis 3.0 (2.0-3.0)* 2.0 (2.0-3.0)2 1.0 (1.0-2.0)® 0.0 (0.0-1.0)® Median (IQR) 0.036
a,b,c: different letters in each row indicate statistically significant difference (p < 0.05)
NS: normal saline, E: ethanol, PRP: platelet rich plasma, IQR: interquartile ranges, SD: standard deviation.
Figure 3.

Discussion

Endometrial thickness is a key factor in success-
ful embryo implantation during in vitro fertilization
procedures [17, 18]. Routine clinical causes of en-
dometrial thinness include diminished production
of VEGF and low levels of estrogen, leading to vari-
ous proposed treatments; however, results have often
been unsatisfactory [19]. Consequently, treating thin
endometrium stays a significant problem in repro-
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Uterus of dogs, E+PRP group.

This figure illustrates the im-
provement and repair of the
submucosa (arrow in A) and
increased cellularity, as well
as significant healing of the
endometrial epithelium (ar-
row in B) and regeneration of
uterine glands (arrow in C).
Additionally, the presence of
hemosiderosis (brown cells
in D) indicates prior bleeding
and its subsequent healing.
H&E staining.

ductive medicine.

In the present study, ethanol-induced endometri-
al atrophy in dogs was used as an experimental model
to evaluate the beneficial impact of PRP on the thin
endometrium. The results demonstrated that PRP
increased the proliferation of endometrial mesenchy-
mal and epithelial cells and facilitated blood vessel de-
velopment, resulting in increased endometrial thick-
ness and a more favorable environment for embryo
implantation. Observations of uterine morphology
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and histopathological examination further showed
that the reparative effect of PRP extended beyond the
change in endometrial thickness, as PRP treatment
also improved uterus external morphology. PRP ef-
fectively improved uterine stricture and discoloration
as a result of ethanol injury, returning the uterus to
its normal condition. In the injured group, a decrease
in the parameters including endometrial cells, glands,
and blood vessels, along with epithelial cells loss, was
observed. Conversely, in the group treated with PRP,
these conditions improved, particularly in terms of
glandular number and cell density. PRP may enhance
endometrial receptivity by promoting cell prolifera-
tion, vascularization, and anti-inflammatory proper-
ties while reducing fibrosis, supported by concentrat-
ed peptides, growth factors, and cytokines, leading to
improved endometrial thickness [8].

In all ethanol treated groups, hemosiderin depos-
its were observed within the endometrial tissue, in-
dicating previous hemorrhage and erythrocyte degra-
dation. Hemosiderosis is recognized as a histological
marker of tissue injury and repair, reflecting phago-
cytosis of extravasated erythrocytes and iron accu-
mulation within macrophages rather than ongoing
necrosis [20, 21]. The presence of hemosiderin across
groups, including those subsequently treated with
PRP, indicates that vascular damage had occurred but
was undergoing resolution, supporting the interpreta-
tion of healing rather than persistent injury.

Regenerative medicine, defined by Mason &
Dunnill (2007), focuses on replacing or regenerating
human tissue or organ cells to restore their normal
function [22]. This innovative approach is particularly
significant in treating chronic diseases that current-
ly lack definitive cures. Key components of regener-
ative medicine include stem cells, growth factor-rich
platelets, biological proteins, and gene therapy. The
primary benefits of this treatment are its capability to
regenerate tissue and the reduced risk of adverse re-
actions from allografts. Among the various cell types,
platelet cells have garnered attention due to their rich
growth factor content and ease of access [23]. Current
research is exploring autologous blood products, such
as PRP, to leverage the beneficial effects of growth fac-
tors in tissue repair. These growth factors release from
alpha granules of the platelets, playing a fundamental
role in the process of healing [24]. PRP acts as a source
of chemical mediators during inflammation, releasing
factors like VEGE, TGE and EGEF, which regulate mi-
gration of cells, adhesion, proliferation, and differen-
tiation, while enhancing aggregation of the extracellu-
lar matrix [25, 26]. As was also shown in the present
study; the utilization PRP has been shown to improve
endometrial tissue in dogs. It is worth noting that its
utilization has minimal risk of disease transmission or
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immune reactions due to its autologous preparation
[27]. In this study, no infections or damage were ob-
served following PRP injections.

The growth factors contained within PRP have
established roles in angiogenesis, epithelial prolifer-
ation, and tissue repair. In canine PRP preparations,
these mediators have been quantified at biologically
active concentrations [28, 29], supporting their rele-
vance in reproductive tissue remodeling. Mechanis-
tically, VEGF promotes neovascularization within
the endometrium, thereby improving blood supply,
reducing hemorrhage and ischemic necrosis. PDGF
stimulates stromal fibroblast and smooth muscle
proliferation, facilitating extracellular matrix depo-
sition and the expansion of endometrial thickness.
In addition, TGF-B1 modulates epithelial stromal
interactions and attenuates excessive inflammatory
cellularity, contributing to a more organized tissue
architecture. Collectively, these pathways provide a
plausible explanation for the histological findings ob-
served in this study, including increased endometrial
thickness, improved glandular density, alongside re-
duced hemorrhage, cellular infiltration, and necrosis
in the canine uterus under a thinned endometrium
model. Although direct uterine studies in dogs are
limited, the regenerative potential of PRP in canine
tissues have been demonstrated in musculoskeletal
and cutaneous healing contexts [30], and the same
growth factor driven mechanisms can be reasonably
extrapolated to endometrial repair. The present find-
ings therefore align with the known biological activity
of PRP growth factors in dogs and extend their appli-
cation to reproductive physiology, highlighting PRP
as a promising adjunct in managing endometrial in-
sufficiency and related fertility disorders.

It is important to recognize that endometrial re-
generation differs substantially between humans and
dogs, reflecting divergent reproductive strategies.
In women, the functional layer of the endometrium
undergoes cyclic shedding during menstruation fol-
lowed by rapid regeneration from basalis stem/pro-
genitor cells, enabling scar free repair and receptivity
for implantation [31]. In contrast, dogs are non men-
struating species in which the endometrium under-
goes hormonally driven remodeling characterized by
prolonged proliferative and secretory phases, slow
regression, and limited regenerative turnover. Canine
reproductive pathology more commonly involves
disorders such as cystic endometrial hyperplasia and
pyometra rather than thin endometrium [20]. These
species differences highlight why thin endometrium
is a major clinical concern in human infertility com-
pared to dogs. However, despite the paucity of similar
studies on the canine endometrium, the results of the
present study are comparable to those from human
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studies. PRP administration resulted in significant rise
in endometrial thickness and successful pregnancies
in individuals with thinned endometrium [32, 33, 8],
or during frozen embryo transfer cycles [34]. These
findings align with the results of the current study.

Few studies have investigated the underlying
mechanisms of PRP treatment. However, available
evidence suggests that PRP may enhance endometrial
receptivity by promoting cell proliferation, increasing
vascularization, and exhibiting anti-inflammatory
properties, while also reducing fibrosis. These effects
are likely mediated by the concentrated peptides,
growth factors, and cytokines present in PRP, which
contribute to endometrial thickening [8]. A recent
study by Montolio et al. (2025) analyzed growth fac-
tor concentrations in canine PRP preparations using
canine-specific ELISA kits, and demonstrated signifi-
cantly higher levels of TGF-B1 and PDGEF-BB, with a
strong positive correlation between platelet concentra-
tion and TGF-f1 levels. This suggests that the in house
method effectively concentrates platelets and growth
factors in products like PRP and platelet lysate, indi-
cating that platelet concentration may predict specific
growth factor levels [28]. Although fertility outcomes
were not evaluated in the current study, the observed
histomorphological improvements provide an im-
portant experimental basis for future in vivo fertility
trials in dogs. Similarly, Puente et al. (2020) reported
that PRP could regenerate endometrial tissue by en-
hancing vascularity and thickness, ultimately leading
to successful pregnancies [35].

The regenerative effects observed in this study
can also be compared with other biologic therapies
investigated in canine regenerative medicine. Mes-
enchymal stem cells (MSCs) derived from adipose or
endometrial tissues have demonstrated paracrine ac-
tivity that promotes angiogenesis, modulates inflam-
mation, and supports tissue repair. Canine endome-
trial MSCs, for example, have been characterized as
multipotent and shown to exert cytoprotective effects
through their secretome, suggesting potential utility
in reproductive tract regeneration [36, 37]. Similarly,
G CSF has been employed in canine models to mo-
bilize progenitor cells and enhance hematopoietic
recovery, with recombinant canine G CSF improving
immune function and demonstrating systemic regen-
erative potential [38, 39]. Compared with these cell
based or cytokine approaches, PRP offers a practical
autologous source of growth factors such as PDGE
VEGE, and TGF-B1, which directly enhance vascular
integrity, epithelial repair, and glandular regeneration.
In the present study, PRP treatment reduced necrosis,
improved endometrial thickness, and restored gland
density, paralleling the beneficial outcomes reported
with MSCs and G CSE, but with fewer technical chal-
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lenges related to cell isolation, expansion, or recombi-
nant cytokine administration. These findings support
PRP as a feasible adjunctive therapy in canine uterine
injury models.

Several limitations of the present study should be
acknowledged. The relatively small sample size, se-
lected in accordance with ethical principles aimed at
minimizing animal use, limits the generalizability of
the findings and supports classification of this work
as a pilot study. Nevertheless, PRP with its reservoir
of angiogenic and immunomodulatory growth fac-
tors, may offer novel adjunctive therapy for canine re-
productive disorders. Although PRP has not yet been
extensively investigated in conditions such as pyome-
tra, postpartum subinvolution, or repeated breeding
failure, its regenerative effects in other canine tissues
[30] suggest potential benefits for restoring endome-
trial integrity and enhancing reproductive outcomes.

In summary, platelet-rich plasma was successful-
ly utilized to treat ethanol-induced thin endometrium
in dogs. Compared with untreated injured animals,
platelet-rich plasma demonstrated the ability to im-
prove thickness of the endometrium in dogs via rising
the number of stromal glands and cells, diminution of
fibrous areas, and elevating angiogenesis. In conclu-
sion, this study offers both a theoretical and experi-
mental foundation for the clinical application of PRP
in treating thinned endometrium.

Materials and Methods

Declaration of Generative Al and Al-assisted
technologies in the writing process

During the preparation of this report, the authors used PopAi
tool to rewrite some parts of the manuscript and check its gram-
mar. After using this tool/service, the authors review and edit the
content if needed and maintain full accountability and responsi-
bility for the content of their work.

Ethical approval

All experimental procedures were performed in accordance
with institutional and were approved by University/Regional Re-
search Ethics Committee, University of Tabriz (approval ID: IR.
TABRIZU.REC.1399.075).

Animals and study groups

In the present study, 12 healthy adult mixed breed dogs were
included, with a mean body weight of 35 + 4 kg and a mean age
of 14 + 2 months. The animals were maintained under controlled
environmental conditions, at an average temperature of 25 °C and
a 12-hour light/dark cycle. Commercial food and water were pro-
vided ad libitum throughout the study period. Only dogs in the
anestrus phase of their sexual cycle were included in the study.
Animals without vaginal discharge were selected for inclusion.
Furthermore, those with small and smooth ovaries and quies-
cent uterus during laparotomy were entered to the study. To ex-
perimentally induce weak endometrium and endometrial dam-
age, 95% ethanol was administered into the uterus, according to
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previously described methods [40, 41]. The dogs were randomly
assigned into four experimental groups: Group 1 (E) underwent
95% ethanol injection into uterine horns to induce endometrial
damage; Group 2 (E+NS) received normal saline 72 hours after
the uterine injury; Group 3 (E+PRP) received platelet-rich plasma
72 hours post-injury; and Group 4 (NS+PRP) received normal sa-
line in both uterine horns and platelet-rich plasma 72 hours after
initial injection.

Preparation of platelet-rich plasma

To prepare PRP, 20 ml blood was collected from the cephalic
vein using a sodium citrate tube. The blood samples were sub-
sequently underwent centrifugation at 1000 x g for 5 minutes,
resulting in the formation of three distinct layers: platelets and
white blood cells formed the upper layer, the bufty coat which is
full of white blood cells was the middle layer, and the red blood
cells formed the lower layer. The upper and middle layers were
carefully transferred into a sterile tube to obtain leukocyte rich
PRP. The separated plasma underwent a second centrifugation at
1500% g for 15 minutes using a double-spin protocol. Following
centrifugation, the upper two-thirds of the platelet-poor plasma
was discarded, leaving 3 ml above the pellet. The remaining pel-
lets, which represent the platelet-rich plasma, were then homoge-
nized and resuspended in the residual plasma to obtain about 5.3x
the baseline concentration [42, 43].

Preoperative preparation and exploratory lap-
arotomy

Exploratory laparoscopy was utilized for administration of
ethanol, normal saline, and platelet-rich plasma into the uterine
horns. Prior to the procedure, premedication was administered
with 0.05 mg/kg of 1% acepromazine (IM, Alfasan, Worden,
The Netherlands). General anesthesia was induced using 5 mg/
kg of 10% ketamine (IM, Alfasan, Worden, The Netherlands) and
0.25 mg/kg of 0.5% diazepam (IV, Kimia Daru, Iran). Following
endotracheal intubation, anesthesia was maintained with halo-
thane in oxygen (Halothane BP, Nicholas Piramal India limited,
India). During surgery, intravenous serum therapy was adminis-
tered using 0.9% normal saline (Sodium Chloride, I.P.P.C., Teh-
ran, Iran) together with 1 g cefazolin (Cefazolin-Exir, Exir Co.,
Tehran, Iran). The surgical site was prepared aseptically, and an
incision was made through the linea alba to access the abdomi-
nal cavity. After identification of the uterine horns, 3 to 5 ml of
either non-toxic 95% ethanol (Groups E, E+NS; and E+PRP) or
normal saline (Group NS+PRP) was injected into each horn. A
second Laparotomy was performed 72 hours later as previously
described, and 0.5 to 1 ml of normal saline (Group E+NS) or PRP
(Groups E+PRP and NS+PRP) was injected into uterine horns,
except for group E in which ovariohysterectomy was carried out at
this second surgery for tissue collection . The abdominal wall was
then sutured in three layers. Following the intrauterine injections
and surgery, the dogs were monitored for their general condition
and appetite.

In the experimental groups, ovariohysterectomy was conduct-
ed to collect uterine horn samples. Premedication and general an-
esthesia were administered as in previous surgeries. After incising
the linea alba and locating the uterine horns, the ovarian pedicles
were transected using the two-forceps technique. The broad liga-
ment and arteries were ligated and cut. A sample was then taken
from the bifurcation of the uterus after the uterine body was tran-
sected using transfixation and simple ligatures. An incision was
made at the bifurcation and the sample placed in 10% formalin.
The abdominal wall was sutured in three layers. The sutures were
removed two weeks after surgery, during which the dogs were
monitored for their general condition and appetite.
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Tissue sampling and histopathologic studies

In group E, tissue sampling was performed 72 hours after the
injection of 95% ethanol. For the E+NS, E+PRP, and NS+PRP
groups, which assessed the effects of normal saline and plate-
let-rich plasma in uteri with damaged endometrium, or PRP
effects in normal endometrium, ovariohysterectomy was per-
formed 14 days after the final intrauterine injections. Collected
uterine tissues were transferred to the pathology laboratory for
sampling, sectioning, and slide preparation. Samples were fixed
in 10% buffered formalin at a volume at least ten times that of the
samples. After 24 hours, the formalin was replaced, and sections
were prepared from the uterine tissue for processing. The tissue
preparation steps included dehydration using ascending alcohol
concentrations, clarification with xylene, and removal of alcohol,
followed by embedding in molten paraffin. Sections of 4 to 5 um
in thickness were prepared using a microtome, placed in an oven
at 56 °C for thirty minutes, and then stained with hematoxylin
and eosin. The prepared slides were evaluated by a pathologist
unaware of the groups, using a conventional light microscope
(Olympus-CH30, Japan) for endometrial thickness, epithelial
healing, and uterine gland density. Other potential pathologic le-
sions, including necrosis, hyperemia, hemorrhage, cellularity, and
hemosiderosis, were also examined. The mean of 3 measurements
per uterine horn were calculated to account for heterogeneity. In
cases where no lesions were observed, the normal state was as-
signed a grade of 0, mild lesions got a grade of 1, moderate lesions
were given a grade of 2, and severe lesions obtained a grade of 3.

Statistical analysis

Quantitative data were analyzed using ANOVA, while the
observed histopathological findings were considered semi-quan-
titative data, analyzed through non-parametric methods includ-
ing Kruskal-Wallis for between-group comparisons, followed by
post-hoc Dunn's tests for pairwise differences. SPSS statistical
software (SPSS for Windows, Version 22, Inc., Chicago, Illinois,
USA) was utilized to analyse the data, with a confidence level set
at 95%. A P-value of less than 0.05 was accepted as statistically
significant .

Authors' Contributions

R.A. and A.H.K. conceived and planned the ex-
periments. R.A., AH.K, S.H.J. and M.K. carried out
the experiments. A.H.K., S.H.J. and M.K. contributed
to sample preparation. R.A. and S.K.D. contributed to
the interpretation of the results. S.K.D. took the lead
in writing the manuscript. All authors provided crit-
ical feedback and helped shape the research, analysis
and manuscript.

Acknowledgements

This report has been approved as the second au-
thor's thesis in veterinary medicine doctorate (DVM)
degree and part of its fund has been provided by the
University of Tabriz. We thank all those who helped
us during this research.

Kazemi-Darabadi et al., IJVST 2026; Vol.18, No.3
DOI: 10.22067/ijvst.2026.92962.1498

17



IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Competing Interests

The authors declare that there is no conflict of in-

terest.

References
1.

10.

18

Critchley HO, Maybin JA, Armstrong GM, Williams AR.
Physiology of the endometrium and regulation of menstru-
ation. Physiol Rev. 2020;100(3):1149-79. Doi:10.1152/phys-
rev.00031.2019.

Ganieva U, Schneiderman S, Bu P, Beaman K, Dambaeva S.
IL-22 regulates endometrial regeneration by enhancing tight
junctions and orchestrating extracellular matrix. Front Immu-
nol. 2022;13:955576. Doi: 10.3389/fimmu.2022.955576.

Goharitaban S, Abedelahi A, Hamdi K, Khazaei M, Esmaeil-
ivand M, Niknafs B. Role of endometrial microRNAs in re-
peated implantation failure (mini-review). Front Cell Dev
Biol. 2022;10:936173. D0i:10.3389/fcell.2022.936173.

Moffat R, Beutler S, Schétzau A, De Geyter M, De Geyter C.
Endometrial thickness influences neonatal birth weight in
pregnancies with obstetric complications achieved after fresh
IVE-ICSI cycles. Arch Gynecol Obstet. 2017;296:115-22. Doi:
10.1007/s00404-017-4411-z.

Zhang S, Gong TT, Liu FH, Jiang YT, Sun H, Ma XX, et
al. Global, regional, and national burden of endometrial
cancer, 1990-2017: results from the global burden of dis-
ease study, 2017. Front Oncol. 2019;9:1440. Doi:10.3389/
fonc.2019.01440.

Guo J, Liu S, Wang P, Ren H, Li Y. Characterization of VDR
and CYP27B1 expression in the endometrium during the
menstrual cycle before embryo transfer: implications for en-
dometrial receptivity. Reprod Biol Endocrinol. 2020 ;18(1):24.
D0i:10.1186/512958-020-00579-y.

Liu X, Qian C, Jiang X, Zhou Y, Feng X, Ding Y, et al. Efficacy
of platelet-rich plasma in the treatment of thin endometrium:
a meta-analysis of randomized controlled trials. BMC Preg-
nancy Childbirth. 2024;24(1):567. Doi:10.1186/512884-024-
06741-3.

LinY, QiJ, Sun Y. Platelet-rich plasma as a potential new strat-
egy in the endometrium treatment in assisted reproductive
technology. Front Endocrinol. 2021;12:707584. Doi:10.3389/
fendo.2021.707584.

Liu KE, Hartman M, Hartman A, Luo ZC, Mahutte N. The
impact of a thin endometrial lining on fresh and frozen-thaw
IVF outcomes: an analysis of over 40,000 embryo transfers.
Hum Reprod. 2018;33(10):1883-8. Do0i:10.1093/humrep/
dey281.

Mahutte N, Hartman M, Meng L, Lanes A, Luo ZC, Liu KE.
Optimal endometrial thickness in fresh and frozen-thaw
in vitro fertilization cycles: an analysis of live birth rates
from 96,000 autologous embryo transfers. Fertil Steril.
2022;117(4):792-800. D0i:10.1016/j.fertnstert.2021.12.025.

Kazemi-Darabadi et al., IJVST 2026; Vol.18, No.3
DOI: 10.22067/ijvst.2026.92962.1498

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

RESEARCH ARTICLE

Pascottini OB, Aurich C, England G, Grahofer A. General
and comparative aspects of endometritis in domestic species:
A review. Reprod Domest Anim. 2023;58(Suppl 2):49-71.
Doi:10.1111/rda.14390 .

Barad DH, Yu Y, Kushnir VA, Shohat-Tal A, Lazzaroni E, Lee
H]J, et al. A randomized clinical trial of endometrial perfu-
sion with granulocyte colony-stimulating factor in in vitro
fertilization cycles: impact on endometrial thickness and
clinical pregnancy rates. Fertil Steril. 2014;101(3):710-5. Doi:
10.1016/j.fertnstert.2013.12.016.

Li Y, Pan P, Chen X, Li L, Li Y, Yang D. Granulocyte colo-
ny-stimulating factor administration for infertile women with
thin endometrium in frozen embryo transfer program. Re-
prod Sci. 2014;21(3):381-5. D0i:10.1177/1933719113497286

Gharibeh N, Aghebati-Maleki L, Madani J, Pourakbari R,
Yousefi M, Ahmadian Heris J. Cell-based therapy in thin en-
dometrium and Asherman syndrome. Stem Cell Res Ther.
2022;13(1):33. D0i:10.1186/513287-021-02698-8.

Patel A, Sharma PS, Narayan P, Binu VS, Dinesh N, Pai PJ.
Prevalence and predictors of infertility-specific stress in
women diagnosed with primary infertility: A clinic-based
study. ] Hum Reprod Sci. 2016;9(1):28-34. Doi: 10.4103/0974-
1208.178630.

Yu JH, Tong CJ, Huang QD, Ye YL, Chen G, Li H, et al. Long-
term outcomes of pelvic exenterations for gynecological ma-
lignancies: a single-center retrospective cohort study. BMC
Cancer. 2024;24(1):88. D0i:10.1186/s12885-024-11836-3.

Aghdam SH, Ghasemzadeh A, Farzadi L, Hamdi K, Navali
N, Hakimi P, et al. Growth hormone: A potential treatment
of patients with refractory thin endometrium: A clinical tri-
al study. Int J Fertile Steril. 2022;16(4):251-5. Do0i:10.22074/
ijfs.2022.541389.1210.

Zheng Y, Chen B, Dai ], Xu B, AiJ, Jin L, et al. Thin endome-
trium is associated with higher risks of preterm birth and low
birth weight after frozen single blastocyst transfer. Front En-
docrinol. 2022;13:1040140. Doi:10.3389/fendo.2022.1040140.

Xie W, Zhou P, Qu M, Dai Z, Zhang X, Zhang C, et al. Gin-
senoside Re attenuates high glucose-induced RF/6A injury
via regulating PI3K/AKT inhibited HIF-1a/VEGF signal-
ing pathway. Front Pharmacol. 2020;11:695. Doi:10.3389/
fphar.2020.00695.

Schlafer DH. Diseases of the canine uterus. Reprod Domest
Anim. 2012;47:318-322. Doi:10.1111/rda.12064.

Cesta MFE Normal structure, function, and histolo-
gy of the spleen. Toxicol Pathol. 2006;34(5):455-465.
Do0i:10.1080/01926230600867743.

Mason C, Dunnill P. A brief definition of regenerative medi-
cine. Regen Med. 2008;3(1):1-5. D0i:10.2217/17460751.3.1.1.

Anitua E, Sdnchez M, Orive G, Andia I. The potential im-

PRP effects on canine damaged endometrium



RESEARCH ARTICLE

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

pact of the preparation rich in growth factors (PRGF) in
different medical fields. Biomaterials. 2007;28(31):4551-60.
Doi:10.1016/j.biomaterials.2007.06.037.

Cole BJ, Seroyer ST, Filardo G, Bajaj S, Fortier LA. Platelet-rich
plasma: where are we now and where are we going?. Sports
Health. 2010;2(3):203-10. D0i:10.1177/1941738110366385.

Silva RF, Carmona JU, Rezende CM. Comparison of the effect
of calcium gluconate and batroxobin on the release of trans-
forming growth factor beta 1 in canine platelet concentrates.
BMC Vet Res. 2012;8:121. D0i:10.1186/1746-6148-8-12.

Simoni M, Taylor HS. Therapeutic strategies involv-
ing uterine stem cells in reproductive medicine. Curr
Opin Gynecol Obstet. 2018;30(3):209-16. Doi:10.1097/
GC0.0000000000000457.

Freire V, Andollo N, Etxebarria J, Durdn JA, Morales MC. In
vitro effects of three blood derivatives on human corneal ep-
ithelial cells. Invest Ophthalmol Vis Sci. 2012;53(9):5571-78.
Do0i:10.1167/iovs.11-7340.

Montolio M, Herrera D, Roque AI, Franch J. Growth factor
concentration in canine platelet-rich plasma and platelet ly-
sate is correlated with platelet number. Comp Clin Pathol.
2025;34:645-653. D0i:10.1007/s00580-025-03674-x.

Lunardon T, Sumner SM, Mollabashi M, Darzenta N, Davis
E, Naskou MC. Growth factor and cytokine characterization
of canine platelet lysate with variable leukocyte concentra-
tion, plasma content, and heat-sensitive proteins. Front Vet
Sci. 2024 ;11:1408080. Doi:10.3389/fvets.2024.1408080.

Sharun K, Jambagi K, Dhama K, Kumar R, Pawde AM. Ther-
apeutic Potential of Platelet-Rich Plasma in Canine Med-
icine. Arch Razi Inst. 2021;76(4):721-730. Doi:10.22092/
ari.2021.355953.1749.

Cousins FL, Filby CE, Gargett CE. Endometrial stem/pro-
genitor cells—their role in endometrial repair and regener-
ation. Front Reprod Health. 2022;3:811537. Doi:10.3389/
frph.2021.811537.

Chang Y, Li J, Chen Y, Wei L, Yang X, Shi Y, et al. Autologous
platelet-rich plasma promotes endometrial growth and im-
proves pregnancy outcome during in vitro fertilization. Int J
Clin Exp Med. 2015;8(1):1286-90.

Nazari L, Salehpour S, Hoseini S, Zadehmodarres S,
Azargashb E. Effects of autologous platelet-rich plasma on
endometrial expansion in patients undergoing frozen-thawed
embryo transfer: A double-blind RCT. Int ] Reprod Med.
2019;17(6):443-8. D0i:10.18502/ijrm.v17i6.4816.

Kim H, Shin JE, Koo HS, Kwon H, Choi DH, Kim JH. Effect
of autologous platelet-rich plasma treatment on refractory
thin endometrium during the frozen embryo transfer cycle:
a pilot study. Front Endocrinol. 2019;10:61. Doi:10.3389/fen-
do.2019.00061.

PRP effects on canine damaged endometrium

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

35.

36.

37.

38.

39.

40.

41.

42,

43.

Puente Gonzalo E, Alonso Pacheco L, Vega Jiménez A, Vi-
tale SG, Raffone A, Lagana AS. Intrauterine infusion of
platelet-rich plasma for severe Asherman syndrome: a cut-
ting-edge approach. Updates Surg. 2021;73(6):2355-62. Doi:
10.1007/513304-020-00828-0.

Phyo H, Aburza A, Mellanby K, Esteves CL. Characterization
of canine adipose-and endometrium-derived mesenchymal
stem/stromal cells and response to lipopolysaccharide. Front
Vet Sci. 2023;10:1180760. Doi:10.3389/fvets.2023.1180760.

Vikartovska Z, Maloveska M, Nosalova N, Hornakova L,
Huniadi M, Hudakova N, Hornak S, Kalinaj B, Kubatka P, Ciz-
kova D. Canine endometrial mesenchymal stem cells: charac-
terization and functional assessment for cartilage repair. Int J
Mol Sci. 2025;26(16):8091. D0i:10.3390/ijms26168091.

Ogilvie GK, Obradovich JE, Cooper MF, Walters LM, Salman
MD, Boone TC. Use of recombinant canine granulocyte colo-
ny-stimulating factor to decrease myelosuppression associat-
ed with the administration of mitoxantrone in the dog. J Vet
Intern Med. 1992;6(1):44-47. Do0i:10.1111/j.1939-1676.1992.
tb00985.x.

Colijn C, Foley C, Mackey MC. G-CSF treatment of canine
cyclical neutropenia: a comprehensive mathematical mod-
el. Exp Hematol. 2007;35(6):898-907. Doi:10.1016/j.ex-
phem.2007.02.015.

Jing Z, Qiong Z, Yonggang W, Yanping L. Rat bone mar-
row mesenchymal stem cells improve regeneration of thin
endometrium in rat. Fertil Steril. 2014;101(2):587-94. Doi:
10.1016/j.fertnstert.2013.10.053.

Zhao J, Gao H, Li Y. Development of an animal model for
thin endometrium using 95% ethanol. J Fertil In Vitro.
2012;2(4):109. Doi: 10.4172/2165-7491.1000109.

Shin HS, Woo HM, Kang BJ. Optimisation of a double-cen-
trifugation method for preparation of canine platelet-rich
plasma. BMC Vet Res. 2017;13(1):198. Do0i:10.1186/s12917-
017-1123-3.

Perazzi A, Busetto R, Martinello T, Drigo M, Pasotto D, Cian
E, Patruno M, Iacopetti I. Description of a double centrifuga-
tion tube method for concentrating canine platelets. BMC Vet
Res. 2013;9(1):146. D0i:10.1186/1746-6148-9-146.

Kazemi-Darabadi et al., IJVST 2026; Vol.18, No.3
DOI: 10.22067/ijvst.2026.92962.1498

19



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY RESEARCH ARTICLE

COPYRIGHTS

©2026 The author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution,
and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers.

How to cite this article

Kazemi-Darabadi S, Hashemi-Kahnamo A, Asadpour R, Jarolmasjed H, Khordadmehr M. Autologous platelet-rich plasma promotes regen-
eration of ethanol-induced endometrial damage in a canine model . Iran J Vet Sci Technol. 2026; 18(3): 11-20.

DOI https://doi.org/10.22067/ijvst.2026.92962.1498

URL:https://ijvst.um.ac.ir/article_47966.html

Kazemi-Darabadi et al., IJVST 2026; Vol.18, No.3 PRP effects on canine damaged endometrium
DOI: 10.22067/ijvst.2026.92962.1498

20



Iranian Journal of Veterinary Received: 2025- Nov- 03
Accepted after revision: 2026- Feb- 21

SCience and TeChHOIOgY Published online: 2026- Feb- 21

RESEARCH ARTICLE DOLI: 10.22067/ijvst.2026.96110.1608

Preparation and in vitro evaluation of canine hyperim-
mune plasma against canine parvovirus: a strategy for
passive immunotherapy

a b a
Seyedeh Mastooreh Nourbakhsh, Mohammad Khosravi, Reza Avizeh, Hamzeh

b c
Ghobadian diali, Mahdi Pourmahdi Borujeni

* Department of Clinical Sciences, Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
® Department of Pathobiology, Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
¢ Department of Food Hygiene, Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz, Ahvaz, Iran.

ABSTRACT

The aim of this study was to prepare anti-canine parvovirus hyperimmune plasma through repeated vac-
cination of dogs and to evaluate its neutralizing capacity and immunoreactivity against viral antigens in
comparison with plasma from healthy and infected animals. Four healthy dogs were vaccinated four times
at two-week intervals using a live attenuated CPV-2 vaccine and hyperimmune plasma was collected. A
CPV-2b strain was isolated from fecal samples of clinically infected dogs and propagated in MDCK cells.
Viral identity was confirmed by PCR targeting the VP2 gene. Neutralizing antibody titers were determined
using a virus neutralization assay, while CPV-specific antibody titers were measured by indirect ELISA.
The immunogenicity against viral structural and non-structural proteins was assessed using Western blot
analysis. Hyperimmune plasma exhibited the highest neutralizing titer (1:160+64) compared with healthy
(1:26 + 12) and infected (1:4.5 £ 2.5) groups (p < 0.01). ELISA optical density values were 0.63 + 0.11, 0.50
+ 0.12, and 0.28+0.02 for hyperimmune, healthy, and infected plasma, respectively (p < 0.001). Western
blot analysis revealed the presence of reactive antibodies against VP2 (66.0 + 7.2), VP1 (30.7 + 14.3), VP3
(45.0 £5.3), and NS1 (68.0 £ 7.1) in the hyperimmune group, whereas only low levels of antibodies against
VP2 were detected in infected dogs. While antibodies against NS1 were observed exclusively in the hyper-
immune plasma. In conclusion, Canine hyperimmune plasma contains high-titer, polyclonal neutralizing
antibodies against CPV. These in vitro findings support the probable effectiveness and its potential utility as
an emergency passive immunotherapy for CPV infection.
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Introduction
Canine parvovirus Type 2 (CPV-2) is a highly
pathogenic viral agent responsible for hemor-
rhagic gastroenteritis and acute leukopenia in young
dogs, often leading to high mortality rates if untreated
[1]. This non-enveloped, single-stranded DNA virus
belongs to the Parvoviridae family, subfamily Parvovi-
rinae, and is characterized by rapid genetic evolution
[2]. Since its initial identification in the late 1970s,
three major antigenic variants, CPV-2a, CPV-2b, and
CPV-2¢, have been identified and have circulated
worldwide, with CPV-2c¢ being the predominant type
in many regions [3]. In Iran, recent studies indicate
that all three variants are present, with CPV-2a re-
maining the predominant type [4, 5, 6]. Clinical signs
of the disease include severe vomiting, hemorrhagic
diarrhea, dehydration, leukopenia, and fever. In un-
treated cases, mortality rates may reach up to 90% [7].
Currently, no definitive treatment exists; clinical man-
agement relies on supportive therapy, including intra-
venous fluids, electrolyte replacement, broad-spec-
trum antibiotics, antiemetics, and pain control [8].

Nevertheless, these methods impose high costs
on pet owners and often lack sufficient therapeutic
efficacy [9]. In recent years, passive immunotherapy
has gained attention as a complementary treatment
approach. This method involves the administration of
pre-formed antibodies derived from external sources,
such as hyperimmune sera or concentrated immuno-
globulins, into the sick animal to directly neutralize
the virus and prevent disease progression [10]. Nu-
merous studies have reported positive eftects of pas-
sive immunization, including reduced hospitalization
duration, decreased viral load, and improved survival
rates [11, 12]. However, immunological reactions fol-
lowing serum and antibody injections from different
animal species, the unavailability of hyperimmune se-
rum for native strains, the high cost of imported prod-
ucts, and the risk of microbial contamination remain
significant challenges in many regions, including Iran
[13].

Repeated vaccination of healthy animals with live
attenuated virus can lead to the production of hyper-
immune sera containing high titers of neutralizing
antibodies [14]. These sera can serve as a source for
producing therapeutic or diagnostic products. In a
study by Kotb et al. (2015), hyperimmune serum pro-
duced in horses was able to completely prevent mor-
tality caused by CPV, when administered within the

Abbreviations-Cont'd

VP1, VP2, and VP3: viral structural proteins
NS1: Non-structural protein
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first 72 hours post-infection [10]. Given the conflict-
ing results of previous studies on the efficacy of hyper-
immune serum and the need to develop high-quality
domestic sources, the present study was designed to
prepare and immunologically evaluate canine hyper-
immune plasma against CPV-2 using in vitro assays.
Active immunity was induced in healthy dogs, and the
titers of neutralizing antibodies were assessed through
virus neutralization, ELISA, and Western blot assays.
Additionally, the antibody response patterns against
the viral structural proteins (VP1, VP2, and VP3) and
the non-structural protein (NS1) were compared to
explore the potential use of this serum in therapeutic
and diagnostic applications.

Results

Assessment of initial health and immune re-
sponse to vaccination

All four dogs underwent a two weeks quarantine
period and screening tests, during which fecal tests for
parasites and CPV shedding tests returned negative
results. Following completion of the quarantine phase,
all animals proceeded to the immunization phase. Af-
ter administration of four doses of the live attenuated
vaccine, no local or systemic adverse effects were ob-
served. The mean serum volume collected from each
dog was 260 + 20 ml. No microbial contamination or
hemolysis was detected in any of the samples.

Virus isolation, confirmation and genotyping of
the isolated virus

Based on the results, cytopathic effects were ob-
served in the cell culture (Figure 1A). Molecular con-
firmation demonstrated successful amplification of
the expected gene fragments, approximately 583, 420
and 682 bp in length, in positive samples. agarose gel
electrophoresis (1.5%) revealed distinct bands at ex-
pected position in positive lanes, while no band was
observed in the negative control (Figure 1B). These
findings confirm that the isolated sample contained
the Canine parvovirus genome. Additionally, PCR-
based genotyping results showed that the isolated vi-
rus yielded positive amplification with the CPV-2b/2a
and CPV-2b specific primers. These PCR genotyping
sets indicate that the isolated viruses belongs to the
CPV-2b strain.

Neutralizing antibody titer in plasma

The mean neutralizing titer in hyperimmune sera
(160 + 64) was significantly higher than that observed
in the healthy group (26 + 12) and the infected group

Preparation and immunologic evaluation of canine hyperimmune
plasma against canine parvovirus
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Figure 1.

Confirmation and genotyping of Canine parvovirus extracted from faecal samples of infected dogs. A) Confirmation and genotyping of
isolated Canine parvovirus strain. A) Agarose gel electrophoresis of PCR products for the detection of VP2: (1) the PCR product of "Pab"
primer pairs, (2) the PCR product of "Pb" primer pairs and (3) the PCR product of "555forc and 555revc” primer pairs. B) Normal culture of
Madin-Darby Canine Kidney (MDCK) cell line. C) Occurrence of cytopathic effect (CPE) on the cell culture (indicated by arrow).

(4.5 + 2.5) (p < 0.001). The highest individual titer —
(1:256) was observed in one dog within the hyperim-
mune group (Table 1). The Spearman correlation be- T e

tween the neutralizing titer and ELISA optical density
was r = 0.89 (p <0.001). 0.8 | \
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mune group was 0.63+0.11, in the healthy group 0.59
+ 0.12, in the infected group 0.28 + 0.02, and in the
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groups had significantly higher antibody levels than <* ,§$°\\ & &,\o\
the infected group (p < 0.001) and the control group {\&& SR LY
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(p <0.001). Additionally, the infected group showed &K
significantly higher values than the control group (p Figure 2.
< 0.001). However, no significant difference was ob- The specific anti-Canine parvovirus
served between hyperimmune and the healthy group titer in healthy, infected, and hyper-
(p > 0.05) immune dogs evaluated by ELISA.

The significant difference greater than
0.001 showed by four stars

Table 1.
Neutralizing titer of parvovirus by plasma from healthy, infected,
and hyperimmune dogs.

Western blot results

The intensity of the VP2 band in hyperimmune

D SN titer for . SN titer for  group was 66.0 £ 7.2 luminous units, which was 1.6
%% Hyperimmune o Uter o infected ; ; i
IDs YPDo S Healthy Dogs s times higher than the healthy group and 50 times
g E higher the infected group (Table 2 and Figure 3A and
! 1128 132 LS 3B). VP1 and VP3 proteins were clearly detected in
2 1:256 1:32 1:2

hyperimmune and healthy sera, with intensities of
3 1:128 1:8 1:4 30.7 £ 14.3 and 45.0 £ 5.3 units, respectively. The NS1
. 1128 132 14 was specifically present in hyperimmune sera (68.0 +
v 7.1 units), healthy (12.9+1.5 and remained below the
Mean ~ 160+64 1:26 + 12 1:45+25 detection threshold in infected group (< 2 units). Dot
blot analysis of whole virus particles yielded results
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Average intensity of Western blot bands in plasma analysis of healthy, infected, and hyperimmune
dogs with Canine parvovirus (optical units + standard deviation). ND: below the detection thresh-
old. Statistically significant differences are indicated by different lowercase letters.

Antigen Hyperimmune Healthy Infected Statics
Whole-Virus 170.2+9.52 91.2+15.0° 2.7+20c F=312, P <0.001
Vpl 30.7+ 1432 6.1 +£29°? ND t=4.8, p=0.039
Vp2 66.0+7.22 41.6+3.4% 1.3+£09c¢ F=189, p<0.001
Vp3 45.0+£532 11.9+0.3® ND t=18.7, p=0.003
NS1 (N) 68.0+7.12 129+ 1.5° 21+18¢c F=215, p<0.001
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consistent with western blot assay, showing that the
dot corresponding to hyperimmune plasma exhibited
the highest reaction intensity, while the infected plas-
ma showed the lowest intensity (Figure 3C).
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Analysis of humoral immune responses
against canine parvovirus (CPV) antigens
in plasma from negative control, normal,
infected, and hyperimmune dogs. (A)
Western blot analysis quantified using
Image] software. (B) Western blot show-
ing plasma reactions of normal, infected,
and hyperimmune dogs against CPV. (C)
Dot blot showing plasma reactions of

normal, infected, and hyperimmune dogs
against CPV.
Discussion

The aim of this study was to prepare and conduct
in vitro evaluation of canine hyperimmune plasma
against canine parvovirus. In the present study, canine

Preparation and immunologic evaluation of canine hyperimmune
plasma against canine parvovirus
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parvovirus was propagated in the MDCK cell line,
with cytopathic effects (CPE) first observed on day
three post infection. Although A-72 and CRFK/F81
cell lines are frequently employed for Canine parvovi-
rus propagation, previous reports have demonstrated
that MDCK cells are also permissive to CPV infection
and capable of supporting productive viral replication
[15]. Nevertheless, replication efficiency and absolute
infectivity titers may vary among different cell lines.
In the present study, all virus titration and neutraliza-
tion assays were performed using the same cell line
and virus stock, ensuring valid relative comparisons
of neutralizing antibody responses between experi-
mental groups. Additionally, PCR-based genotyping
demonstrated that the isolated CPV strain belong to
the CPV-2b variant. The virus neutralization assay
provides a functional assessment of antibody-me-
diated inhibition of viral infectivity, supporting the
relevance of these findings for passive immunother-
apy. While TCIDso-based virus neutralization assay
in current study provides a functional evaluation of
antibody-mediated inhibition of viral infectivity; the
inclusion of molecular quantification and standard-
ized neutralization metrics could further enhance an-
alytical resolution.

The appearance of cytopathic effects (CPE) at day
three suggests a high replication capacity of the local
CPV strain in MDCK cells. This is consistent with
Kaur et al [15], who reported CPE appearance on the
fifth day. The shorter time to CPE appearance in the
present study may be attributed to two factors: the
use of freshly passaged cells (less than 24 hours old),
which are more sensitive to the virus, as well as the
presence of mutations in the GH loop (positions 297
and 426) that enhance the virus’s binding to the TLR
receptor [16]. These findings indicate that the optimal
culture conditions (37 °C, 5% CO,, and DMEM sup-
plemented with 2% FBS) are sufficient for the rapid
replication of the studied CPV strains.

The mean titer of 1:160 in hyperimmune sera was
significantly higher than that of normal serum (1:26)
and infected sera (1:4.5) (p < 0.001). This 50-fold dif-
ference is consistent with two key studies; Kotb et al.
(2015) reported a titer of 1:024 in horses (10), and
Larson et al. (2024) recorded a titer of 1,320 in dogs
receiving monoclonal antibodies, resulting in a 100%
reduction in mortality [12]. Similarly, Dash et al.
(2020), reported 25% reduction in mortality rate fol-
lowing administration of hyperimmune serum [11].
The neutralization assay using CPV-2b strain and an-
tibody titer showed significant difference among eval-
uated sera. The result could be interoperated as ne-
cessity of enhancement of humoral immunity of the
infected animals in acute phase of the disease using

Preparation and immunologic evaluation of canine hyperimmune
plasma against canine parvovirus
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hyperimmune sera or polyclonal IgG. The hyperim-
mune serum used in this study was prepared using
CPV-2 vaccine, which is designed to provide protec-
tion against all CPV-2 strains. Therefore, the resulting
hyperimmune serum may be effective in infected an-
imals against various variants of virus.

The detection of VP2, VP1, VP3, and NS1 exclu-
sively in hyperimmune sera, along with the absence of
VP1 and VP3 in the patient's serum, aligns with the
findings of Nelson et al. (2007) [14]. They reported
that these proteins are expressed at low levels (<5%)
in parvoviruses and elicit a weak immune response
during natural infection. Furthermore, NS1, detected
clearly only in hyperimmune sera. This observation is
consistent with the study by Miao et al. (2022), who
demonstrated that antibodies against NS1 appear
only after repeated vaccination [17]. Based on current
result, the infected animals in acute phase of the dis-
ease, have significant reduced titer against CPV-2 in
all in-vitro tests. So, the lower immunogenic protein
like as NS1 was appeared only in hyperimmune ani-
mals or healthy animals. These proteins may therefore
have potential to be used for serologically diagnosis of
the animals in acute phase of the disease.

Spearman's correlation coefficient was 0.89 be-
tween neutralization titer and ELISA titer, and 0.85
between ELISA optical density and the sum of West-
ern blot band intensities, indicating that these three
methods are highly interchangeable. This finding is
consistent with Decaro et al. (2006), who reported
a coeflicient of 0.82 between the neutralization and
ELISA tests [18]. Therefore, in clinical settings where
neutralization tests are time consuming, ELISA with a
cutoft OD 2 0.45 (sensitivity 92% and specificity 88%)
may serve as a rapid screening tool.

Asil et al. (2023), reported that CPV-2 disrupts B
cell differentiation and suppresses both humoral and
cellular immune responses by significantly reducing
IL-6, CD4+, and CD8+ levels in peripheral leuko-
cytes. This condition is associated with a severe form
of the disease in dogs (CPVD-Severe), characterized
by leukopenia, thymic atrophy, and high mortali-
ty. The reduction in antibody titers in affected dogs
compared to healthy dogs can be attributed to this
immune suppression, as well as to the neutralization
of antibodies by the virus during the acute phase of
the disease [19]. Similarly, Ulas et al. (2024), indicat-
ed that using standard supportive treatment, the sur-
vival of the infected animals was only 57.1%, whereas
the addition of recombinant interferon-w improved
the neutrophil/lymphocyte ratio and increased cir-
culating lymphocytes, raising survival to 85.7% [20].
These finding indicates that cellular immune recov-
ery during the acute phase of the disease is critical, as
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supportive therapy alone may be insufficient in severe
symptomatic cases .

Given the suppression of active immunity during
the acute phase of the disease, passive immunothera-
py represents as the most rational therapeutic strategy.
In the current study, the hyperimmune serum exhibit-
ed a neutralization titer of 1:160 and an OD.s, of 0.63,
demonstrating 50 times higher titer than the neutral-
izing capacity of infected serum. In addition to tar-
geting VP2, the hyperimmune serum also produced
antibodies against VP1, VP3, and NS1, providing
multi-epitope coverage and reducing the risk of an-
tigenic escape. According to a simplified pharmaco-
kinetic model, canine IgG has a half-life of 8-10 days.
Following intravenous injection of 5-10 mg/kg of hy-
perimmune serum with a titer of 1:160, serum levels
of > 1:80, which considered as a protective titer [21,
22], may be maintained for more than 72 hours. This
period coincides with peak viremia (days 3 to 5 post
infection), providing sufficient opportunity for initial
control of infection before severe occurrence of intes-
tinal damage. In the present study, the neutralizing
titer of the prepared hyperimmune serum was 1:160,
which is lower than that of commonly imported prod-
ucts (typically 1:512); while simultaneously decreas-
ing dependence on imports conditions. However,
considering the lower cost of domestic production, it
can reduce treatment expenses by up to 50%. There-
fore, despite lower absolute titers, the locally produced
hyperimmune serum is not only pharmacokinetically
effective but also may represent as a more economi-
cally viable and accessible therapeutic alternatives.

Conclusion

For the first time in southwestern Iran, a CPV-2b
variant was isolated and characterized, demonstrating
high replication capacity in MDCK cells. Multi-steps
vaccination of healthy dogs with a live attenuated vac-
cine induced the production of indigenous hyperim-
mune sera with a neutralization titer of 1:160, signifi-
cantly higher than that observed in both healthy and
naturally infected dogs. Western blot analysis iden-
tified VP2 as the dominant immunogenetic antigen,
while VP1, VP3, and especially NS1 were detected
in hyperimmune sera and healthy dogs. The method
described in current study for preparation of canine
hyperimmune serum using CPV-2 vaccination yield-
ed promising in vitro results. The prepared hyper-
immune serum or its purified polyclonal IgG can be
manipulated for preparation of a safe and endotoxin
free product that could be receive license for in vivo
evaluation of its ppharmacokinetics and efficacy in in-
fected dogs with parvovirus.
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Materials and Methods

Vaccination and preparation of hyperimmune
sera

All experimental procedures, including animal care, treat-
ment, and sample collection, were conducted in accordance with
the ethical guidelines approved by the Ethics Committee and the
regulations for working with animals at Shahid Chamran Uni-
versity of Ahvaz, under approval number 1404.088. In this study,
four young adult female indigenous dogs, aged between 1.5 and
2.5 years, were obtained and individually housed in separate cag-
es for two weeks. During this period, clinical examinations were
performed, and a complete anthelmintic drug (Caniverm) was ad-
ministered. After confirming the animals' health and the absence
of prior parvovirus infection using an immunochromatography
test kit (Hangzhou Evegen Biotech, China), a specific monovalent
parvovirus vaccine (BioVeta brand) was administered subcutane-
ously in four doses at two-week intervals. Ten days after the final
injection, a total of 500 mL of blood was collected from each dog
in two occasions at two weeks intervals using special blood trans-
fusion bags. Plasma was separated using standard centrifugation
methods and stored at ~20°C until efficacy testing was performed.

Collection of fecal and blood samples

Four dogs presenting at the Veterinary Faculty Clinic of Sha-
hid Chamran University of Ahvaz tested positive for parvovirus
antigen via immunochromatography kit. From each case, 5 g of
fecal sample and 2 mL of blood were collected and transported
to the Virology laboratory. Fecal samples were homogenized in
sterile PBS and centrifuged at 1500 rpm for 10 minutes. The su-
pernatant was collected and filtered through 0.22 pum syringe fil-
ters for decontamination. The filtered liquid was then treated with
antibiotics (penicillin, 100 U/mL; streptomycin, 100 pg/mL) prior
to virus isolation. Plasma was separated from the collected blood
samples using standard methods. Additionally, plasma samples
from four healthy dogs, which tested negative for the antigen and
showed no clinical signs, were also prepared.

Virus isolation

Virus isolation was performed using the MDCK (Madin-Dar-
by Canine Kidney) cell line cultured in Dulbecco's Modified Ea-
gle's Medium (DMEM) supplemented with 2% fetal bovine serum
(FBS). MDCK cells were used for virus isolation as a canine origin
epithelial cell line that has previously been reported to support
the replication of canine parvovirus with typical cytopathic effects
[15]. When cell monolayer reached approximately 40-50% con-
fluence, the cells were infected with 0.5 mL of virus-containing
fluid and incubated at 37°C for 1 hour to allow virus adsorption.
Following adsorption, inocula were removed, cells were washed
with sterile PBS, an appropriate volume of DMEM containing 2%
FBS was added to the flasks, which were then incubated at 37°C in
a 5% CO?2 atmosphere for 3-4 days until cytopathic effects (CPE)
were observed. Following the appearance of CPE, the flasks were
stored at -20°C, then thawed. The contents were transferred to
sterile Falcon tubes and cell debris was removed by centrifuged
at 3000 rpm for 10 minutes. The resulting supernatant was used
as the virus stock [13]. The virus infectivity (TCID50) of the stock
was determined using the Reed-Muench method to ensure the
appropriate virus concentration for the virus neutralization assay
[16].
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PCR test for confirmation and genotyping of the
isolated virus

To confirm that observed CPE resulted from Canine par-
vovirus infection and not nonspecific cytotoxicity, the identity of
the propagated virus was molecularly confirmed by PCR ampli-
fication of a VP2 gene fragment (583 bp) from infected cell cul-
tures [23]. Furthermore, to determine the CPV genotype of the
isolated virus, two separate PCR assays were performed using
genotype-specific primer sets targeting CPV-2a/2b, and CPV-2b,
respectively [24], as detailed in Table 3. Nucleic acids were first ex-
tracted from the viral source using the Sinapure DNA extraction
kit (Sinaclon Company, Iran) following the manufacturer's in-
structions. PCR was then performed in a 25 pL reaction volume,
comprising 12.5 pL of Amplicon 2x master mix, 1 uL each of for-

Table 3.
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incubation period, the neutralizing antibody titer against parvovi-
rus in the tested plasma samples was determined based on the
presence or absence of cytopathic effects.

Assessment of parvovirus-specific antibody titer

Inactivated and freeze-thawed antigens of isolated parvovirus
strain from infected dogs were diluted in carbonate-bicarbonate
buffer (pH 9.6) and coated onto ELISA plates (Jet Biofil, China)
at a concentration of 1 pg/well. The plates were incubated at 4
°C overnight. After that they been washed with PBS containing
0.05% Tween 20 (PBS-T). The plates were blocked by addition
250 pL of 4% skimmed milk to each well and incubation for 2
hours at room temperature. After additional three washing step
same as before, plasma samples from 4 healthy dogs, 4 infected

Sequence of the used primers for identification and genotyping of Canine parvovirus.

Primer

Amplicon Target

name Sequence (5'>3") size (bp) Genotype Reference

555forc CAGGAAGATATCCAGAAGGA [23]

583 All
555revc GGTGCTAGTTGATATGTAATAAACA [24]
Pbs CTTTAACCTTCCTGTAACAG

428 B
Pbas CATAGTTAAATTGGTTATCTAC

[24]

Pabs GAAGAGTGGTTGTAAATAATT

682 A/B
Pabas CCTATATAACCAAAGTTAGTAC

ward and reverse primers at 10 uM concentration, 7.5 pL of nu-
clease-free water (Sinaclon Company, Iran), and 3 pL of template
DNA. The cycling profile for all primer sets and rounds included
an initial denaturation at 95°C for 5 minutes, followed by 35 cycles
of denaturation at 95°C for 40 seconds, primer annealing at 55°C
for 30 seconds, and extension at 72°C for 30 seconds. A final ex-
tension step was performed at 72°C for 5 minutes. PCR products
were electrophoresed alongside a 100 bp DNA ladder (Sinaclon,
Iran) on a 1.5% agarose gel containing safe dye (Sinagen, Iran) at
100 volts for 60 minutes and visualized under UV light using a
transilluminator (Uvtec, England).

Virus neutralization test

The infectivity of the prepared virus stock was calculated as
the 50 % tissue culture infectious dose (TCID50) using the Reed
and Muench method [16]. Subsequently, a dose of 100 TCID50
was used in the virus neutralization assay. The neutralizing capac-
ity of hyperimmune plasma was compared with plasma of healthy
and infected dogs with Canine parvovirus. After collecting plas-
ma samples from each group, the samples were filtered through
0.22 um syringe filters for potential decontamination. To remove
non-specific and inhibitory factors present, the plasma samples
were first incubated at 55°C for 30 minutes. Each sample was then
diluted at a ratio of 1:2. Next, 100 TCID50 of the active virus was
mixed with an equal volume of the diluted plasma. To facilitate the
binding reaction between the antibodies (present in the plasma)
and the antigen (virus), the mixture was incubated at room tem-
perature for 1 hour. Subsequently, MDCK cells were co-cultured
in 96-well plates with each dog plasma dilution mixed with the
virus, in triplicate. The microplates were incubated at 37°C in 2%
CO2 and monitored daily under a microscope. At the end of the

Preparation and immunologic evaluation of canine hyperimmune
plasma against canine parvovirus

dogs, and 4 hyperimmune dogs, diluted according to optimized
recipe, were added to each well and incubated for 1 hour at room
temperature. Following another washing step, rabbit anti-dog IgG
at 10 pg/mL was added, followed by another one-hour incubation
at room temperature. Addition 100 pL of horseradish peroxidase
(HRP)-conjugated anti-rabbit IgG (Immuno Chemistry Technol-
ogies Company, USA) at a 1:20,000 dilution and incubation at
room temperature for one hours was conducted in followed step.
In the final step, 60 pL of tetramethylbenzidine (TMB) substrate
was added to each well, and after 10 minutes, 60 pL of stop solu-
tion was added. The optical density of each sample was measured
at 450 nm using a spectrophotometer.

Antibody reaction with parvovirus immunogen-
ic proteins

A Western blot test was conducted to compare the pattern of
immunogenic proteins of parvovirus in infected, hyperimmune,
and healthy dogs. Freeze-thawed viral antigens at equal concen-
trations equal to 200 ug/mL were used for this assay. Initially, an-
tigens were mixed with sample buffer containing 0.1 M beta-mer-
captoethanol and boiled for 10 minutes. A total of 25 pL was
electrophoresed on a sodium dodecyl sulfate-polyacrylamide gel
(SDS-PAGE) for 120 minutes. The antigens were then transferred
to nitrocellulose membranes using the wet transfer method. Ac-
tive sites on the membranes were blocked with 4% skimmed milk
overnight at 4°C. Optimized 5% serum dilutions from infected,
hyperimmune, and healthy dogs were separately applied to each
sample lane. Subsequently, a secondary Anti-dog antibody of
rabbit origin was added at a concentration of 10 ug/mL, followed
by an HRP-conjugated antibody diluted 1:7.500. In the final step,
alpha-chloronaphthol substrate was added, and after 15 minutes
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of incubation in the dark, the membranes were washed with dis-
tilled water to stop the reaction. Photographs of the test results
were taken, and the molecular weight and intensity of the viral
immunogenic protein bands in the test groups was defined using
Image] software. The molecular weights of the Western blot bands
were used to identify the corresponding CPV antigens based on
previous studies. The visible bands with molecular weights of 82.3,
64, 65.7, and 76.6 kDa corresponded to VP1, VP2, VP3, and NSI,
respectively [25-27]. Dot blot assay was performed by coating 1 pL
of CPV antigens (200 pg/mL) onto PVDF membrane. The mem-
brane was incubated at room temperature until dry. Afterward,
the membranes were washed three times with PBS-T buffer and
blocked with a 4% skim milk solution for 2 hours. The subsequent
steps were carried out as described in the Western blot section.

Statistical analysis

The study results were analyzed using SPSS software with a
one-way analysis of variance (ANOVA) method. Statistical signif-
icance was setat p < 0.05.
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Effects of intracerebroventricular injection of nisin on
feeding behavior, body temperature, and serum param-
eters in LPS-inflamed broiler chickens

Vahid Hamedianasl, Farshid Hamidi, Hamid Reza Kazerani

Department of Basic Sciences, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad, Iran.

ABSTRACT

Lipopolysaccharide (LPS) leads to impaired production performance, reduced feed intake, altered body
temperature, and deleterious changes in some serum and disease parameters in broiler chickens. Bacterioc-
ins such as nisin are considered promising therapeutic agents for the prevention, control, and treatment of
poultry diseases. This study involved an experiment using 30 male broiler chickens to evaluate the central
effects of nisin on feed and water consumption, body temperature, and serum factors under stress. In this
experiment, nisin (1 ug) and LPS (25 ng) were injected intraventricularly, and combined treatments of nisin
and LPS were also considered. Feed intake, water consumption, and body temperature were measured in all
groups. At the end of the experiment, blood was collected from the chickens for evaluation of serum factors.
ICV administration of nisin administration significantly increased feed intake, whereas LPS administration
significantly decreased it. In combination treatments, nisin was able to partially reduce the adverse effects of
LPS on feed intake. Both nisin and LPS reduced water intake in broilers, and combined treatment caused a
greater reduction in water intake than either injection alone. LPS initially reduced body temperature before
hyperthermia induction, whereas nisin alone had no effect on thermoregulation, but in the combination
groups, it somewhat reduced LPS-induced temperature disturbances. LPS also caused a significant decrease
in albumin and a significant increase in AST and ALT, whereas nisin reduced AST and ALT but had no effect
on albumin. Results shows that nisin can be used as a useful and safe additive in poultry feed.
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Introduction
ed consumption in poultry is regulated by a
multifaceted network of central and periph-
eral control systems driven by hormonal, metabolic,
neural, and environmental factors [1]. Among the
central regulatory structures, the hypothalamus is
the endocrine host of feeding behavior and energy
homeostasis [2]. Various hypothalamic regions, in-
cluding the arcuate nucleus (ARC), paraventricular
nucleus (PVN), lateral hypothalamic area (LHA),
ventromedial hypothalamus (VMH) and dorsomedial
nucleus (DMN) are known contributors of this reg-
ulatory mechanism [3]. These nuclei respond to cir-
culating hormones and metabolites and subsequently
regulate feeding behavior and body temperature [4].

In intensive poultry-rearing systems, broilers are
continuously expose to environmental stressors and
pathogenic microorganisms, that can suppress im-
mune system activities and reduce productive perfor-
mance [5]. Lipopolysaccharide (LPS) is an important
component in the cell wall structure of Gram-negative
[6]. Following entry of LPS into the broiler chicken's
body, the animal undergoes an extensive acute phase
response featuring decreased feed intake and im-
paired growth, inflammation with associated changes
to its thermoregulation [7]. Its weight loss component
is not only reflected by suppressed appetite, but also
by metabolic/endocrine modification induced by in-
flammatory cytokines [8].

The high-LPS-rich outer membrane of Gram-neg-
ative bacteria serves as an essential protective barrier
and plays a critical role in host-pathogen interactions
and antibiotics susceptibility [9]. The structure of LPS
consists of lipid A, core oligosaccharides, and O-anti-
gens that determines membrane permeation and re-
sistance patterns determines membrane permeation
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and resistance patterns[10]. It imparts innate resis-
tance to the majority of antibiotics and antimicro-
bial peptides and thus, is a key contributor towards
the increasing worldwide prevalence of antimicrobial
resistance (AMR) [11].

Gram-negative organisms are especially worri-
some, with resistance to even the most recent com-
pounds described [12]. As a result, there is increasing
interest in the discovery of new antimicrobial agents
acting specifically against pathogenic bacteria with
minimal impact on the commensal microbiota [13].

In this background, bacteriocins have gained
prominence as potential candidates. Such peptides
usually have a relatively narrow antibacterial spec-
trum, low cytotoxicity, and high potential for treating
MDR bacteria [14].

Nisin is a class Ia lantibiotic produced by Lac-
tococcus lactis and has been extensively studied for
its broad-based antimicrobial efficacy and safe nature
[15]. Nisin is approved by the U.S. Food and Drug Ad-
ministration (FDA) as a natural food preservative and
is widely recognized for its effectiveness against vari-
ous Gram-positive pathogens. Although traditionally
considered ineffective against gram-negative bacteria,
accumulating evidence suggests that nisin may also
exhibit activity against Gram-negative bacteria [16].

Mechanistic data suggest that nisin is able to in-
teract with LPS and disturb the outer membrane,
most likely in strains with truncated LPS cores then
enabling lipid II access or channel formation [17].
Moreover, findings from solid-state nuclear magnetic
resonance (NMR) analyses and leakage assays have
demonstrated that LPS chemical structure plays a sig-
nificant role in the sensitivity of bacteria to nisin de-
tecting those with rough forms is stronger [18].

Apart from its antimicrobial properties, nisin has
a high immunomodulatory and anti-inflammatory
effect [19]. Nisin was observed to demonstrate a re-
duction in excessive cytokine production and the reg-
ulation of immune cell signaling pathways [20]. These
properties may exemplify its ability to sustain physi-
ological homeostasis within the stressed animals and
to improve resilience against immunologically chal-
lenging pathological agents [21]. In poultry, the im-
munomodulatory role of nisin have been associated
with improvements in feed intake and growth perfor-
mance. Evidence suggests that nisin improves growth
performance, relives inflammation-related anorexia,
regulates heat production, and alleviates dissipation
in broiler chickens challenged immunologically [22].

Previous studies have established that dietary ni-
sin supplementation improves growth performance
and feed intake in the early rearing phase of broiler
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chickens [23]. However, despite substantial evidence
supporting its antimicrobial and immunological ac-
tivities, the central mechanisms through which nisin
influences feeding behavior, especially under condi-
tions of LPS-induced inflammatory stress, are still
inadequately known. Moreover, the effects of nisin
on body temperature regulation, energy balance, and
serum biochemical parameters have not been clearly
elucidated.

Consequently, the present study was conducted
to investigate the central effects of nisin on feeding
behavior, water intake, body temperature, and serum
parameters in lipopolysaccharide-challenged broiler
chickens. More specifically, we examined intracere-
broventricularly infused nisin, which may affect feed
intake, rescue the LPS-dependent decrease in feed
consumption, alter temperature and serum parame-
ters, and lower the negative LPS effect. This research
was also conducted to further elucidate the poten-
tial for nisin to serve as a functional feed additive for
broiler chickens.

Results

Base on the results, ICV administration of an ef-
fective dose of nisin significantly increased cumula-
tive feed intake compared with the control group at
90, 120, and 180 minutes post injection (p < 0.05). In
contrast, ICV administration of an effective dose of
LPS significantly decreased cumulative feed intake at
30, 60, 90, 120, and 180 minutes post injection com-
pared with the control group (p < 0.05). Co-admin-
istration of nisin and LPS, significantly improved the
LPS-induced reduction in feed intake, especially at 90,
120, and 180 minutes post injection (p < 0.05) (Figure
1).
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Effects of ICV administration of nisin significant-
ly reduced water intake at 30, 60, 90, 120, and 180
minutes post injection (p < 0.05); ICV administra-
tion of LPS also significantly reduced water intake at
30, 60, 90, 120, and 180 minutes post injection (p <
0.05). Co-administration of nisin and LPS, exhibited
a greater reduction in water intake compared to the
other groups (p < 0.05) (Figure 2).

As concerns body temperatures, no significant
differences were observed between the nisin-treated
and control groups (p > 0.05). In contrast, following
LPS injection, body temperatures initially decreased
and subsequently increased above the normal values.
Co-administration of nisin with LPS significantly at-
tenuated the LPS-induced hyperthermia (p < 0.05)
(table 1).

The effects of the treatments on serum parameters
revealed that there were no significant differences in
the nisin-injected groups compared with the control
group (p > 0.05). However, in the LPS-treated groups,
ALB concentrations were significantly lower than
those of the control group (p <0.05). A similar reduc-
tion in ALB levels was also observed in the nisin and
LPS co-treated groups (p <0.05), illustrating the in-
ability of nisin to inhibit the reduction of ALB caused
by LPS. Conversely, the value of both AST and ALT
were significantly higher in the LPS-treated groups
compared with the control groups (p <0.05), whereas
in the nisin and LPS co-treated groups, nisin was able
to reduce the impact of LPS on the mentioned serum
parameters (p <0.05) (table 2).

i1 Control
140- .
&4 1 g Nisin
120 = 25ngLPS
= — 25 ng LPS+ 1 ng Nisin
& 1A m | pg Nisint25 ng LPS
=
=
= 80+
g
=2
2 60 Figure 1.
= Cumulative Feed Intake
z i Effects of intracerebroventricular injection
S of control solution and effective dose of ni-
a sin and LPS on cumulative feed intake in
20 1 feed and water-deprived broilers (N=6). Data
are expressed as mean * standard deviation.
0 Significant differences between treatments at

Time (min)
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each time point are indicated by letters (a, b,
¢, ac). (p <0.05).
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=1 Control
&5 | pg Nisin

== 25ng LPS

= 25ng LPS+ 1 pg Nisin
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Time (min)

Figure 2.
Cumulative Water Intake

Effects of intracerebroventricular injection of control solution and effective dose of nisin and LPS on cumulative
water intake in feed and water-deprived broilers (N=6). Data are expressed as mean * standard deviation. Significant

differences between treatments at each time point are indicated by letters (a, b, ab, b, ¢). (p <0.05).

Table 1.
Effects of nisin and LPS on body Temperature in the experiment.
Groups 10 miilril}?efore 1 hafterinj.  3.5hafterinj. 5 h after inj. 8 h after inj.
1 40.76 £ 0.07* 40.83 £ 0.04° 40.78 £ 0.10° 40.83 £ 0.06° 40.83 £ 0.092
2 40.75 £ 0.05° 40.76 £ 0.052 40.75 £ 0.08? 40.83 £ 0.09° 40.73 £ 0.06*
3 40.86 £ 0.14* 40.05+ 0.07° 40.88 £ 0.08? 41.25 £ 0.09° 42.11 £0.08>
4 40.85+0.11° 39.86 + 0.10° 40.83 £ 0.07° 40.95 + 0.08% 41.16 + 0.03¢
5 40.78 £ 0.06° 39.76 £ 0.09® 40.68 £ 0.11° 40.85 + 0.09° 40.93 £ 0.06*

Data are expressed as mean + SEM. Different letters (a, b, and ¢) indicate significant differences between treatments

at each time (p < 0.05).

Discussion

Nisin is a polypeptide bacteriocin produced by
Lactococcus species, capable of improving broiler
growth performance while exhibiting antioxidant and
anti-inflammatory properties, which has led to grow-
ing interest in its application [24]. LPS, a component
of Gram-negative bacteria, is commonly used to in-
duce systemic inflammation in experimental animals.
Previous studies have shown that LPS challenge sig-
nificantly reduces weight gain, feed intake, and feed
conversion ratio [25]. The present study is investi-
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gating the effects of ICV administration of nisin on
feed intake in LPS-challenged broilers. Compared
with the extensive research on nisin activity against
Gram-positive bacteria, relatively few studies have
addressed its effects on Gram-negative bacteria and
their associated inflammation.

The results demonstrated that ICV administration
of nisin increased feed intake at 90, 120, and 180 min-
utes post-injection. These finding are consistent with
previous studies demonstrating that dietary supple-
mentation with nisin enhances growth performance
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and feed intake in broiler chickens, including Ross
308 strains [26]. In group 5 of the experiment, nisin
was administered first, followed by LPS injection, to
evaluate the potential preventive effects of nisin.

slalzlelals In the present study, it can be observed that the
=] Bl I I e s E initial administration of nisin was effective in reduc-
il I I I I I ing the adverse effects of LPS, as it partially reduced
slzlS| 2|58 the effects of LPS on food and water intake, tempera-
2. ture, and even some serum parameters. This can be
AEEIEYE : & related to earlier studies showing that nisin suppress-
AN R MER: es the Production of pro-inflammatory cytokines, in-
< el (e bl Rl I é é cluding TNF-a, IL-1B, and IL-6 [27], while promoting
N RS RS %’ g the production of regulatory mediators such as IL-10
= 2 and TGF-p [28].
slulalalal= 2 In another study, nisin supplementation increased
Bls(s]s| 3]s g g intestinal villus height, which may further contribute
< [;é' :[3' g g 5 £ g to improved broiler growth performance [23].
== =% s In another study, nisin supplementation increased
5 ;i» intestinal villus height, which may further contribute
N ES R AR R -§ E to improved broiler growth performance [24]. In the
& S8 3|82 £ present study, ICV administration of LPS reduced
<| M2 XA 5 el feed intake, consistent with previous studies .The
% ; § E g pg* = faster and stronger effects observed via the ICV route
S&|&|&[&[5 ¢ may be explained by bypassing the blood-brain barri-
g2 er (BBB) and directly influencing hypothalamic nuclei
% slslsls]8 z 5 and neuropeptides related to hunger and satiety, such
21515555 g é as the arcuate nucleus (ARC) and paraventricular nu-
Sla|s|[=|2[23 cleus (PVN), through modulation of neuropeptides
I R R A I E including NPY, AgRP, POMC, and CART [29].
K clelals €% LPS has a damaging effect on intestines and their
eS|l 22]¢ I barrier, which could be a reason for lowered growth
ol el I Il Il I _§ ;‘g rates in LPS-inoculated broilers. Previous studies have
é ZlE[F[F] 32 g '§‘ shown that LPS affects the gene and protein structure
g 5 S of tight junctions in the intestines, thereby compro-
E ol el N N R ) _§ mising nutrient absorption and water-electrolytes se-
?j E Il IR NN B I é \:, cretion [30]. The pro-inflammatory cytokine TNF-a,
a SR EIEIEE produced as a result of exposure to LPS, further con-
g N IR I IR IR - %; tribute to the deterioration of tight junction proteins
| |el2]s]=s]E 2 31
S =Y el I I N 2 B In broiler chickens, LPS-triggered anorexia has
2 T slelslzslalz Z been mediated by decreased expression of orexigen-
£ N R é u“;; ic neuropeptides, such as Neuropeptide Y (NPY) and
2 s g Agouti-Related Peptide (AgRP) in the hypothala-
£ al ol ol ol o ”c:j g mus, as well as activation of the Hypothalamus-Pitu-
% é’ % % % % % g % itz.try-Adre.n.al (.HPA) axis, along w.ith changes in nu-
£ olelalslalE g trient part1t.10n1ng from g¥owth to.1mmune processes,
z S El IR IR such as antibody production and inflammatory cyto-
= 2 B kines [32].
2| & N In our experiment, the co-administration of LPS
2ol gl “| = h g and nisin suggested that nisin has the potential to
I EHEIFIEIE § %’ counteract the adverse effects of LPS on feed intake.
S5 Clal=1=1718 & The previous study has already validated that nisin has
anti-inflammatory activity and nisin supplementation
can suppress the Production of TNF-a and IL-6, while
simultaneously promote the Production of IL-2, indi-
Nisin, LPS, Feeding behavior, Temperature, Serum parameters, Hamedianasl et al., IJVST 2026; Vol.18, No.3
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cating the stimulation of innate immunity [27].

In this study, besides the effect of nisin on cumu-
lative feed intake, water intake was also measured. By
comparison with energy balance, water balance or
the regulation of body fluids for homeostasis is more
complex as it includes a variety of biological functions
such as the cellular and molecular regulation of water
intake and excretion [33]. Various organs can also be
involved in osmoregulation and fluid regulation. In
birds, these organs include the kidney, intestine, and
salt gland [34].

In the peresent study, ICV injections of nisin were
associated with a significant reduction in water intake.
The relationship between feed and water intake in the
LPS-injected group was linear; however, this pattern
was not observed in the nisin-treated group. The in-
verse association between feed and water intake,
which is less common in poultry, may be influenced
by several factors, including breed, environmental
temperature, sex, growth rate, diet composition, and
physicochemical properties of feed ingredients [35].
Additionally, the stimulation of specific nuclei in the
central nervous system could potentially promote ap-
petite and, at the same time, limit water consumption
[36].

The challenge, illustrated by the conflicting effects
on feed and water intake, indicates that nisin poten-
tially impacts water intake in a unique way via the
central nervous system. The impact of nisin on water
intake in poultry has not been documented earlier,
and in a study on nisin intake in mice, the findings
illustrated an increase in water intake [37].

The paraventricular nucleus, supraoptic nucleus,
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405

Body Temperature ("C)
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and medial-basal hypothalamus are involved in the
production and stimulation of neuropeptide Y, which
occurs during osmotic stress and dehydration and
these nuclei likely contribute to water regulation in
chicks [38]. Because the paraventricular nucleus re-
ceives signals related to blood volume status, it may
involve in the inhibition of NPY production in nu-
cleus, and therefore it can play a role in stimulating
drinking behavior [39].

Although both nisin and LPS caused reduced wa-
ter intake, and co-administered nisin and LPS caused
further reduced water intake as opposed to controls,
the processes and physiological effects of nisin and
LPS might not be the same.

Also, intestinal health is significant for water and
electrolyte uptake in poultry and is very important
for water balance [40]. Intestinal disorders or inflam-
mation can result in impaired water uptake, causing
diarrhea, thereby increasing water consumption and
enteric infections also facilitate water excretion in the
feces, apart from causing disturbances in electrolyte
balance[24]. Nisin, with the capacity to reduce inflam-
mation of the epithelial lining, causing a modification
in the intestinal microbiota, can be very effective in
the uptake of sodium, thus potentially reducing water
consumption[27].

Overhydration in broilers may lead to increased
moisture and saturated bedding that makes the broil-
er flocks prone to diseases such as ascites and contact
dermatitis [41]. Adequate regulation of water con-
sumption is also important to lower the chances of
developing physiological ailments such as tibial dy-
schondroplasia, ascites, cardiovascular diseases, and

= Controi

= Nigin

- -] DS

ssass | PS+Nisin
¢ Nisin+.PS

Figure 3.

Cumulative Water Intake

Effects of intracerebroventricular
injection of control solution and
effective dose of nisin and LPS on
cumulative water intake in feed and
water-deprived broilers (N=6). Data
are expressed as mean * standard
deviation. Significant differences be-
tween treatments at each time point
are indicated by letters (a, b, ab, bc,

o). (p<0.05).
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reproductive failure[42]. In our study, cloacal tem-
perature measurements 10 minutes before the start of
the experiment and 1, 3.5, 5, and 8 hours after injec-
tion confirmed the effects of LPS. Showing an initial
drop followed by increased temperature in LPS-treat-
ed groups. Similar findings have been reported in ear-
lier studies, where LPS IV-injection elevated cloacal
temperature three hours post-administration [43].
Another study also observed increased body tempera-
ture and reduced appetite in LPS-challenged broil-
ers and reported that strong LPS doses initially de-
creased then increased body temperature in chickens
[44]. Notably, in the present study, nisin was able to
somewhat reduce the adverse effects of LPS on body
temperature among the intervention groups. Figure
3 shows the temperature changes in each experimen-
tal group during the experiment, and in Table 1, the
groups are compared at different times, and the num-
bers are written as mean + SEM.

The results of serum biochemical parameters,
did not show significant differences between the ni-
sin-treated and control group. In another study that
investigated the effects of nisin on the blood serum of
broiler chickens, no significant changes were observed
in serum parameters except glucose [26]. The differ-
ences in the effects of the variables related to glucose
may be attributed to different factors such as the dura-
tion of the experiment, the differences in the dose, and
the experimental conditions. In another experiment
conducted on rats, it was found that the consump-
tion of nisin did not affect the liver enzymes AST and
ALT, triglycerides, cholesterol, HDL, and LDL, which
demonstrates that nisin is not harmful to the phys-
iological health of the human body[45]. In a study
on rabbits, nisin administered in drinking water did
not lead to significant differences in total protein, tri-
glycerides, cholesterol, glucose, calcium or ALT[46].
In the present study, the results of serum biochemical
parameters in the LPS group showed an increase in
the levels of ALT and AST enzymes. The activities of
AST and ALT enzymes in serum are usually used as
specific indicators of liver damage. The results of other
studies showed that intraperitoneal injection of LPS
increased the levels of ALT and AST [47]. Notably. in
the present study, albumin levels decreased, and re-
duction in albumin concentration in the LPS group
may also be attributed to liver injury.

The immune response in broiler chickens caused
by LPS negatively affects their growth; this occurs
mainly because of protein metabolism failure in the
body. The results in the intervention groups show that
nisin can significantly reduce the adverse effects of
LPS on ALT and AST factors, but has no effect on the
adverse effects of LPS on ALB factor.

Nisin, LPS, Feeding behavior, Temperature, Serum parameters,
Broilers
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Conclusions

This study shows that central injection of nisin
can increase feed intake and reduce water consump-
tion in broiler chickens, and reduces the negative
effects of LPS on feed intake, body temperature, and
some serum parameters. These findings provide new
evidence for the potential role of bacteriocins, partic-
ularly nisin, in modulating feed and water intake and
reducing the deleterious effects on body physiology in
LPS-induced broiler chickens.

Materials and Methods

Ethical Considerations

The present study was conducted in accordance with ethical
principles, national regulations, and standards for medical re-
search in Iran.

Ethical approval ID: IR.UM.REC.1403.313, dated January 25,
2025.

All experiments were executed according to the Guide for the
Care and Use of Laboratory Animals and were approved by the
institutional animal ethics committee.

Animals

A total of 30 one-day-old male broiler chicks of the Ross 308
breed were obtained from Fariman Company (Mashhad, Iran).
During the first five days post-hatch, birds were maintained under
normal rearing conditions. Broilers were housed in a controlled
environment with temperatures of 30 + 2° C for the initial 48-hour
period, followed by a gradual reduction of approximately 2.5° C
per week. Relative humidity was maintained at 50 + 2%.

The lighting cycle adhered to conventional management prac-
tices, consisting of 23 hours light and 1 hour darkness during the
first week, and gradually adjusted to a 18 hours light and 6 hour
darkness photoperiod by the end of the experiment period. The
broilers had free access to clean water and a commercial broiler
starter feed (Saleh Co., Kashmar) throughout the experiment.

The diet was formulated with a concentration of 23% crude
protein, 2% crude fiber, 1% calcium, 0.5% available phosphorus,
0.55% methionine, 1% lysine, 1% methionine + cystine, 0.18% and
2900 kcal/kg metabolizable energy.

After the 5-day acclimation time, chicks were randomly allo-
cated to five experimental groups (n = 6 per group). Prior to intra-
cerebroventricular (ICV) injections, birds were fasted for 3 hours
to minimize variation in metabolic status, while water remained
available ad libitum.

Experimental Compounds

Nisin (Product Code: N5764-1G) was purchased from Sig-
ma-Aldrich, USA. This bioactive compound, which belongs to
Lactococcus lactis, has been defined to consist of 2.5% purified
nisin along with sodium chloride and denatured milk derived
components. This bioactive compound, manufactured and sold by
Sigma-Aldrich, has been registered and indexed using CAS num-
ber 1414-45-5, and it possesses an empirical formula composed of
C143H230N4,03;. Lipopolysaccharide (LPS) was obtained from E.
coli O111:B4 (Life Biolab, Cat. No. LB22429, Lot No. 201.9147).

All solutions were prepared using sterile, pyrogen-free physi-
ological saline. A stock solution with 1 mg/ml nisin was prepared
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and subsequently diluted to obtain the desired experimental con-
centration (1 pg). A stock solution with 10 mg/ml LPS was pre-
pared and subsequently diluted to obtain the desired experimen-
tal concentration.

Experimental Groups

Group 1: Control

Group 2: Nisin

Group 3: LPS

Group 4: LPS + Nisin

Group 5: Nisin + LPS

The time interval between the two injections of nisin and LPS
in the fourth and fifth groups was 15 minutes.

Surgical Preparation

Stereotactic surgery was performed when the chicks were 18
days old and weighed approximately 750g. Food was withdrawn
for one hour before surgery, while water w remained ad libitum.
Anesthesia was induced via a face mask using isoflurane (5% iso-
flurane in 1 L/min oxygen) and maintained at 2-3% isoflurane
(Piramal Critical Care Inc., Guayama, USA) in 1 L/min oxygen
delivered through a tracheal tube. All broilers were confirmed to
be clinically healthy following routine physical examination.

A 23-gauge thin-walled stainless steel guide cannula was ste-
reotaxically implanted into the right lateral ventricle according to
previously established coordinates: 6.7 mm anterior to bregma,
0.7 mm lateral to the midline, and 3.5-4 mm below the dura ma-
ter [48]. Finally, three stainless steel screws were inserted around
the entry point of the cannula into the skull, and the cannula and
the three screws were fixed in place with acrylic dental cement
(Acropars, Tehran, Iran). In the control group, an orthodontic
#014 wire was inserted into the guide cannula to maintain equiv-
alent conditions.

To prevent postoperative infection, Linkospectin (Razak, Teh-
ran, Iran) was applied topically to the incision site and adminis-
tered intraperitoneally. Birds were allowed a minimum recovery
period of five days, before the initiation of the subsequent injec-
tions.

Experimental Procedures

A single experiment was conducted to evaluate the effects of
nisin on feed intake, water intake, body temperature, and serum
biochemical parameters in broilers challenged with LPS-induced
inflammation (n = 30). Each experiment consisted of one control
group and four treatment groups. Body weight (BW) was consis-
tent across all chickens (950 + 50 g).

The injections were administered using a thin-walled stain-
less steel injection cannula of 30-gauge, which projected 1.0 mm
beyond the tip of the guide cannula. The injection cannula was
connected to a 10-pl Hamilton syringe with a 30-cm PE-20 poly-
ethylene tube. The Lipopolysaccharide was given an infusion time
of 60 seconds, and the control solution was infused into the lateral
ventricle simultaneously. All tubes and syringes were stored in a
70% ethanol. Glassware was sterilized by an autoclave to maintain
a Pyrogen-free environment. Sterilized physiological saline was
used as a control solution.

Correct placement of the guide cannula within the right lateral
ventricle was confirmed by the appearance of cerebrospinal fluid
(CSF) and by ICV infusion of methylene blue, followed by meth-
ylene blue in the right place confirmation in frozen brain sections
at the conclusion of each experiment. Only data from accurately
performed injections were included in the statistical analyses.
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Feed was withheld 3 hours prior to the start of the experi-
ment. The chicken has been immediately returned into the cage
after injection. The cumulative feed consumption (g) and water
consumption (g) of the chicken were measured at 30 min, 60 min,
90 min, 120 min, and 180 min post-injection. At the time of ex-
perimentation, chicks were 23 days old.

Nisin and LPS were administered via the ICV route alone or in
combination to assess the central nisin administration on LPS-in-
duced inflammation. Chickens received 1 pg/kg of nisin dissolved
in 10 pl saline. LPS was administered at a dose of 25 ng in 10 pl
saline.

Because no prior studies have reported ICV administration of
nisin in broilers, the selected dose was based on data from mam-
malian studies and preliminary pilot experiments conducted by
the current research team. In contrast, the effective ICV dose of
LPS in broilers (25 ng) has been previously established by some
of the members of the present research team [49]. At the end of
the experiments, blood samples were collected from the metatar-
sal vein.

Statistical Analysis

The cumulative amount of feed and water intake data was an-
alyzed employing one-way repeated measures ANOVA in Graph-
Pad Prism software, version 9.4.1 (GraphPad Software, USA). In

order to determine statistical significance, the value of p < 0.05
was taken into consideration. After observing significant differ-
ences in treatment, the Tukey post-test comparison was conduct-
ed.

Variations that might exist between the body temperatures of
the LPS-treated and control broilers and the serum biochemical
values were estimated using the one-way ANOVA method. Statis-

tical significance was accepted at p < 0.05.
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Morphological and molecular analyses of two Taenia
species in wild canids in northern Iran
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ABSTRACT

Wild canids play a significant role in dissemination of parasitic helminth ova and may serve as a potential
source of infection in humans and animals. Therefore, monitoring the helminth fauna of these species is es-
sential for both veterinary and public health. The present cross-sectional study was conducted to assess ces-
tode infection and to reveal the molecular characterization and phylogenetic status of large Taenia in wild
canids in Iran. Descriptive statistics (frequencies and percentages) were used to summarize the data, and the
Chi-square test was employed to evaluate differences in parasite distribution among different variables. For
this aim, the intestines of 93 wild canids, including 69 jackals, 22 red foxes, and two wolves, were examined
in northern, northeastern, and northwestern regions of Iran for tapeworms. Additionally, the identity of
some helminths was confirmed using PCR and DNA sequencing. Based on our findings, 54.5% of red foxes
and 47.8% (95% CI: 36.5-59.3%) of jackals were infected, among which single infections with Mesocestoides
were highly prevalent (33.3% , 95% CI: 24.5-43.4%), followed by T. hydatigena (4.3%, 95% CI: 1.7-10.5%),
D. caninum (2.2% 95%, CI: 0.6-7.5%%), and T. polyacantha (1.1%, 95% CI: 0.2-5.8%). Also, mixed infections
were demonstrated in 13.6% of foxes (Mesocestoides + T. polyacantha) and 5.8% of jackals (Mesocestoides +
T. hydatigena). Overall, cestode infection rate in wild carnivores was 48.4%. Molecular analysis with uni-
versal primers amplified a 450-bp fragment of the mitochondrial cox1 gene. Sequencing also demonstrated
100% and more than 99% identity between the sequences of T. hydatigena (n = 8) and T. polyacantha (n =
4) isolates and their corresponding GenBank reference sequences. This study represents the third report
and the first molecularly confirmation of T. polyacantha in foxes in Iran. These findings emphasize the im-
portance of monitoring cestode infections in wild canids for epidemiological and public health purposes.
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Introduction
Y'he Taenidae family comprises prevalent
gut-dwelling helminths that develop from
cystic stages, affecting various tissues of intermediate
hosts and incurring financial costs for treatment in
humans or organ/carcass condemnation in the live-
stock industry [1]. They are the most prevalent tape-
worms in the small intestine of wild canines, such as
dogs, jackals, wolves, and foxes [2]. Taenia species
exhibit a predator-prey life cycle involving two mam-
mals: one acts as the definitive host and the other as
the intermediate host. Several Taenia species have
previously been reported in Iran, including Taenia
hydatigena, Taenia pisiformis, Taenia polyacantha,
Taenia multiceps, Taenia taeniaeformis, Taenia seri-
alis, and Taenia ovis [3, 4, 5, 6, 7, 8, 9, 10]. Among
these, T. hydatigena, T. pisiformis, T. polyacantha, T.
multiceps, T. serialis, and T. ovis are commonly found
in the intestinal tract of canids [11, 12]. T. hydatigena
is one of the most widespread taeniid cestodes infect-
ing domestic and wild animals. Dogs, foxes, wolves,
and cats act as definitive hosts. Metacestodes develop
into large, pear-shaped cysticerci (Cysticercus tenui-
collis) in the abdomen and organs of livestock, acting
as intermediate hosts [13]. Another taeniid species, T.
polyacantha, is found in canids across the Northern
Hemisphere, especially in arctic foxes (e.g., Alopex la-
gopus) and red foxes, as well as dogs and wolves in
southern regions. Rodents (e.g., Microtus oeconomus)
serve as intermediate hosts, where the tapeworm re-
sides in their peritoneal cavity or pleural space [14]. In
T. multiceps infection, the larvae (Coenurus cerebralis)
typically parasitize the central nervous system in live-
stock, causing neurological signs [15].

Apart from the genus Taenia, cestodes of the gen-
era Diplydium and Mesocestoides are also common in
wild canids. The flea tapeworm, Diplydium caninum,
follows a heteroxenous cycle, involving definitive
hosts (carnivores and sporadically humans) and inter-
mediate hosts such as fleas and chewing lice of dogs
and cats. Adult stages in wild and domestic carnivores
may render symptoms, including diarrhea, scooting
behavior, dullness, weight loss, anorexia, and poor
hair coat [16]. Members of the genus Mesocestoides,
possess a more complex life cycle involving multiple
intermediate hosts, including rodents, amphibians,
birds, and reptiles. Their larval stage (tetrathyridia),
may lead to life-threatening peritonitis in animal hosts.
Zoonotic infections in humans are usually caused by
consuming raw/undercooked snake, chicken, or wild
game viscera [17]. Although numerous Taenia species
possess distinct morphological characteristics, several
exhibit striking similarities, necessitating molecular
analysis for effective differentiation [18, 19]. Various
mitochondrial and nuclear genetic markers are used
in the molecular analysis of cestodes, with a primary
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focus on diagnostic applications [20, 21]. Among the
genes studied, mitochondrial genes (cox1 and nadh1)
have proven valuable for genetic characterization of
Taeniidae cestodes [18, 22].

Given the limited nationwide information on the
molecular characterization of large Taenia spp. in wild
carnivores in Iran, the present study was conduct-
ed to determine the morphometric and molecular
analysis of large Taenia spp. in the small intestine of
road-killed wild canids (jackal, fox, and wolf) along
with the intestinal cestodes infection in the northern,
northeastern, and northwestern regions of Iran.

Therefore, the aim of the present study was to in-
vestigate the occurrence, species diversity, and mor-
phometric and molecular characteristics of intestinal
cestodes in road-killed wild canids (jackals, foxes, and
wolves) from northern, northeastern, and northwest-
ern Iran. To the best of our knowledge, this study also
reports the first molecular identification of Taenia
polyacantha in wild canids in Iran.

Results
Epidemiological findings

Based on our results, 33 (47.8%) jackals and 12
(54.5%) foxes were infected with at least one tape-
worm species. No infection was found in the two
examined wolves. Mesocestoides spp. was the most
prevalent cestode identified in both jackals and fox-
es. Among jackals, the overall prevalence of Mesoces-
toides spp. was 36.2%, including seven cases from
northeastern Iran, seven from northwestern Iran,
and fifteen from northern Iran. In foxes the overall
prevalence of Mesocestoides spp. was 27.3%, includ-
ing two cases from northeastern Iran, and seven from
northwestern Iran. Other cestode species identified
included: T. hydatigena (two foxes from northwestern
Iran; and six jackals, two from northeastern Iran, and
four from northwestern Iran), T. polyacantha (four
foxes from northwestern Iran), and Dipylidium spp.
(two jackals, one from northern Iran and one from
northeastern Iran). Moreover, this study reports the
first molecular identification of T. polyacantha in Iran.
All four infected foxes were collected from Ardabil
Province (Pars Abad, Qosabeh, and Meshgin Shahr
cities) in northwestern Iran. Three of the four speci-
mens (13.6%) were mixed infections with Mesocestoi-
des spp. In addition, four jackal carcasses (5.8%) were
found to be infected with Mesocestoides spp. and T. hy-
datigena. Among foxes, an equal number of males and
females (n = 6) were infected with tapeworm species.
In contrast, most infected jackals were female (n = 22;
41.5%). Most jackal and fox carcasses were collected
from northernern (n = 35) and northwestern (n = 13)
Iran, respectively. There was no statistically significant

Taenia species in wild canids of Iran



RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

association between the tapeworm infection and host (p = 0.26) (Tables 1 & 2). Microscopic observations of
species (p = 0.09), sex (p = 0.32), or geographical area the parasites are illustrated in Figure 1.

Table 1.
Number and percentage of the wild canids infected with single or mixed cestode infections.

Type of Parasite Count (%)

= 2 3 = : T s "
£ 2 5 2§ 0§ 85 &%
E g 2 3 S a® oS v o o
s 0§ & 1z & f s S
o £ = S S 3 S SRS g = z E
(5] 7] -~ 8, '-E = - s &, on 8 = |>
& Y < = 8 = 3 Y 2,
>~ 8 = S = Q= .S Z. =8
= 2 S S = 23S 2 S
S S < S
s = S S& =8
Fox 6 (27.3) 2(9.1) 1(45)  0(0) 0 (0) 3(13.6) 10(45.5)  12(545 22 (100)
Wolf  0(0) 0(0) 0(0) 0(0) 0 (0) 0 (0) 2 (100) 0 (0) 2 (100)
0.09
Jackal  25(362)  2(2.9)  0(0) 229 4(8)  0(0) 36 (52.2)  33(47.8) 69 (100)
Total  31(33.3)  4(43) 1(L.1)  2(22) 4(43) 3(32) 48(51.6)  45(484) 93 (100)
Table 2.
Gender- and region-based prevalence of wild canids infected with tapeworms.
Paramer Infection count (%)
ters Fox Wolf jackal
Positive Total  P-value
Gender Yes No Yes No Yes No
Male 6 (15) 4(10) 0 1(25) 11(275) 18 (45) 17 (425) 40 (100)
Female 6(11.3) 6 (11.3) 0 1(1.9)  22(415) 18 (34) 28 (52.8) 53(100)  0.32
Total 12(129) 10 (10.8) 0 2(21)  33(355)  36(38.7) 45 (48.4) 93 (100)
Region
North 0 (0) 0 (0) 0 0 (0) 16 (45.7) 19 (54.3) 16 (45.7) 35 (100)
Northeast 2 (7.1) 7 (25) 0 2(7.1)  9(322) 8 (28.6) 11 (39.3) 28 (100)
0.26
Northwest 10 (33.3)  3(10) 0 0 (0) 8(26.7) 9 (30) 18 (60) 30 (100)
Total 12(12.9)  10(10.8) 0 2(22)  33(354)  36(38.7) 45 (48.4) 93 (100)
Figure 1.
. Microscopic images of the parasites.
(A) Dipylidium caninum (B) Mesoces-
toides spp (C) Taenia polyacantha (D)
Taenia hydatigena.
c
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Hook morphometry

The morphometry of small and large hooks was
measured in T. hydatigena and T. polyacantha, which
are primarily found in northwestern Iran. For T. hy-
datigena, the mean estimates of small hooks were
127.85 pm for TL, 55.62 um for TW, and 58.5 pm for
BL. The corresponding mean values for large hooks
were 194.4 um for TL, 59.28 pm for TW, and 90.52
um for BL. In T. polyacantha the mean measure-
ments of small hooks were 102.96 um for TL, 43.19
pm for TW, and 65.03 pm for BL, whereas large hooks
showed a mean of 182.33 um for TL, 44.39 um for TW,
and 74.34 um for BL. Among T. hydatigena isolated
from a female fox, small hook estimates were higher
than for the other isolates. Regarding large hooks, the
highest TL (209.8 + 4.88 pm) was recorded in T. hy-
datigena isolated from a male jackal, and the highest
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TW (66.77 + 1.81 um) was observed in T. hydatigena
isolated from a female fox, both originating from the
northwestern Iran. Also, the highest BL (111.3 + 6.84
pm) was observed in a T. hydatigena specimen isolat-
ed from a male jackal in northeastern Iran. The high-
est TL (108.3 + 1.35 pum) and TW (44.4 £ 3.14 um) in
the small hooks of T. polyacantha were recorded in a
male fox, while the highest BL (66.38 + 4.2 um) was
observed in another T. polyacantha specimen isolated
from a different male fox. In addition, the highest TL
(187 £ 1.22 pm) and TW (48.6 + 4.34 um) among the
large hooks of T. polyacantha were recorded in a fe-
male fox, while the highest BL (75.15 + 2.89 pm) was
observed in a male fox. Other estimated hook lengths
are tabulated in Table 3. Also, quantitative measure-
ments of hooks dimensions and arrangement are pro-
vided in Figure 2.

Table 3.

Details of hook morphometry in isolated tapeworms from wild canids
3 Small hooks Large hooks
F
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kS ~ >
E\ § § 8.57 3.49 9.23 191 9.63 3.07 2.99 2.58 2.3 1.35 2.49 1.81
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N 2
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A

Figure 2.
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B

Morphometric analysis of hooks. (A) Taenia hydatigena (B) Taenia polyacantha

A 450 bp fragment of mitochondrial COX1 was
amplified (Figure 3), followed by DNA sequencing of
Twelve isolates. Multiple sequence alignment analy-
sis of T. polyacantha isolates with the standard isolate
demonstrated a 100% nucleotide identity with the ref-
erence sequence available in GenBank (Accession No.
EU544581.1). Similarly, more than 99% identity was
obtained between T. hydatigena isolates in the present
study with the registered GenBank sequence (Acces-
sion: MN478491.1); of note, single nucleotide substi-
tutions were observed in position 261 (G > A) of T.
hydatigena Cal3 and Cal4 isolates as well as in posi-
tion 342 (T > C) of Ca6 isolate (Supplementary File).
Phylogenetic analysis based on coxl gene revealed
that all four T. polyacantha isolates (isolates 6, 5, 13,
and 14) were genotically identical to the Finnish gen-

8§ 9 10

Taenia species in wild canids of Iran

otype, as evidenced by multiple alignment. Also, they
clustered within the other Finland isolates at the same
branch. In contrast, T. hydatigena genotypes obtained
in the present study (isolates 1, 2, 4,7, 8,9, 10, and 11)
reported from wild canids clustered with reference se-
quences from Iraq (MZ313985), Slovakia (MZ345600,
MZ298783), and Iran, Chabahar region (MN478491).
More details on the phylogenetic relationship of the
obtained isolates are illustrated in Figure 4. Deposi-
tion of DNA sequences for T polyacantha isolates (Ac-
cession numbers: PP658436 (Vul), PP658437 (Vul9),
PP658443 (Vu4), PP658444 (Vul3)) and for T. hydati-
gena isolates (Accession numbers: PP658433 (Vul6),
PP658434 (Ca2), PP658435 (Ca6), PP658438 (Cal0),
PP658439 (Cal3), PP658440 (Cal4), PP658441
(Cal5w), PPP658442 (Cal5e)) was done in GenBank.

11 12 13 14 15

Figure 3.

X: DNA ladder 100bp,
1-15: Amplicon of mito-
chondrial coxl gene (450
bp) using JB3 and JB4.5
primer.
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Figure 4.

Hymenolepiz diminuta (KF6E268T)

Phylogenetic analysis of cestodes sequences obtained in the present study with those from other regions of the world. Hymenolepis
diminuta was used as an outgroup. Iranian isolates of T. polyacantha (n = 4) clustered with Finland genotypes, while T. hydatigena
isolates (n = 8) clustered with some genotypes from Iran, Iraq, and Slovakia in eastern Europe.

Discussion

Free-roaming jackals and red foxes can be a po-
tential source of cestode infections, which are signif-
icant for both domestic animals and humans [23].
The present study assessed cestode infections in
road-killed wild canids (n = 93, 69 jackals, 22 foxes, 2
wolves) from the northern territories of Iran. Our re-
sults determined four cestode species (T. hydatigena,
T. polyacantha, D. caninum, and Mesocestoides sp.).
The tolal prevalence of cestodes was 48.4%, with Me-
sosestoides spp representing the most common taxon
(33.3%), followed by T. hydatigena (4.3%), D. caninum
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(2.2%), and T. polyacantha (1.1%). Although a higher
prevalence rate was noted in foxes (54.5%) compared
to jackals (47.8%), with Mesocestoides single infections
predominating in jackals (36.2%) and foxes (27.3%).
Intestinal helminths represent a significant portion
of the worm burden in carnivore populations in Iran,
accounting for 80.4% (95% confidence interval [CI]:
70.2% - 88.8%). Among these, jackals (97.32%) are the
most heavily parasitized, followed by foxes (89.17%)
and dogs (57.89%). Tapeworms are among the most
common intestinal helminths found in domestic and
wild canids in Iran, including D. caninum (20.45%),

Taenia species in wild canids of Iran
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T. hydatigena (15.28%), M. lineatus (11.83%), and E.
granulosus (10%) [15]. Several studies have been con-
ducted to document the cestode fauna in the canine
population in Iran. In a nationwide investigation, red
foxes and golden jackals from three different climato-
logical zones in Iran were necropsied, representing a
high predominance of Mesocestoides lineatus in jack-
als (15.2%-21.5%) and foxes (43.2% - 67.5%) [24].Ina
focal study in the Moghan plain, northwestern Iran, of
85 necropsy specimens from wild canids, 96.47% were
infected; among these, Mesocestoides (84.7%) was the
most prevalent, followed by Joyuxiella (34.1%) and
Taenia spp. (11.8%), and D. caninum (1.2%) [10].

In 63 intestinal specimens from dogs and jackals
in Mazandaran province, northern Iran, a 95.2% prev-
alence of parasitic infection was observed, with 33.3%
and 25.3% prevalence for Mesocestoides spp. and D.
caninum, respectively [25]. In another study on 274
fecal samples from wild canids in this area, 85.2% were
infected, and the ova of D. caninum was mostly found
in 25.2% of dogs and 11.1% of jackals [26]. In a study
on road-killed carnivores in the Caspian Sea littoral
(2017), D. caninum (33.3% in dogs, 27.2% in jack-
als), E. granulosus (25.9% in dogs, 27.2% in jackals),
and T. hydatigena (18.5% in dogs, 18.1% in jackals)
were the most frequent isolated tapeworms; they also
found less frequent cestodes, including Mesocestoides,
Joyuxiella, and Spirometra (7.4%) [3]. In the present
study, we also examined the small intestine of 2 wolves
and it is noteworthy to say that they were without ev-
idence of cestode infections. In Mazandaran, 5.2% of
19 wolves were infected with Taenia species [26]. Ad-
ditionally, numerous studies worldwide have reported
various cestode species in wolves [27, 28, 29].

In a similar study in Turkey (2021), Mesocestoides
sp. and D. caninum were the most and least prevalent
cestode species isolated from foxes [30]. Consistent
with our findings, the pooled prevalence of Mesoces-
toides infection in terrestrial carnivores was estimat-
ed to be 21.72% (95% CI: 18.49% - 25.14%) [17]. In
comparison, the North American dogs had the lowest
rates (0.054%) [31]. Infection with adult worms was
more pronounced in foxes [35.97% (95% CI: 29.54%
- 42.66%)] and other wild canids [21.39% (95% CI:
15.25% - 28.24%)] than in domestic carnivores such
as dogs and cats, highlighting the role of feeding be-
havior in the maintenance of parasite population; wild
canids have free access to potentially infected inter-
mediate hosts (e.g., rodents, birds, snakes, amphib-
ians) harboring tetrathyridia. The authors also re-
marked a 28% (95% CI: 19.83% - 36.97%) prevalence
of Mesocestoides infection in Iran [17]. Our finding re-
garding the dominance of Mesocestoides in the canine
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population in Iran overlaps with previous studies,
whereas it contrasts with the Eslahi et al. study, which
demonstrated D. caninum as the most prevalent tape-
worm in road-killed carnivores in northern Iran [3].
We also demonstrated mixed infections of Mesocestoi-
des sp. with T. hydatigena (5.8%) in jackals and with T.
polyacantha (13.6%) in foxes.

The significant findings of the present study was
the isolation and of T. polyacantha from fox popula-
tions, and the molecular confirmation of this species
in Iran for the first time. Although, this is the third
report of T. polyacantha in Iran, while in the previous
studies in Iran molecular identification was not per-
formed; the first documentation dates back to 1973,
when Mobedi et al. isolated a T. polyacantha-like
worm from 22.5% and 2.5% of red foxes in Kalibar and
Moghan regions, northwestern Iran [5]. The second
report was by Zare-Bidaki (2010) again in red foxes
in the Moghan plain (6 recovered worms) [10]. Based
on the reports above, it can be concluded that the
Moghan Plain, along with the semi-arid mountainous
areas of northwestern Iran with well-developed vege-
tation, represents favorable ecological niches for the
development and propagation of T. polyacantha cesto-
des in red foxes, and potentially in their respective in-
termediate hosts. Various fox species (e.g., Vulpes and
Alopex) are recognized as definitive hosts for adult T.
polyacantha, acquiring infection through predation
on infected small mammals, such as lagomorphs and
voles [32] as a substantial part of red fox diets [33] The
metacestodes cause fibrosarcoma, hepatitis, and peri-
tonitis in affected hosts. Generally, canids in northern
Eurasia and southern tundra ecosystems may harbor
this taeniid species. Nevertheless, dogs and wolves in
more southern areas may also harbor this tapeworm
[34, 35, 36]. In the present study, T. polyacantha was
found in 1/22 examined foxes (2.2%); mixed infec-
tions with Mesocestoides sp. were observed in 3/22
(13.6%) of foxes. This finding is consistent with that
of Bouchard and colleagues (2021), who documented
T. polyacantha in 3/176 (2%) of foxes in Canada [37].
Also, a similar trend was observed in 197 red foxes in
mid-Wales, with a 4% prevalence of T. polyacantha.
In contrast, this cestode species was found in 166/269
red foxes (61.7%) during post-mortem examination
in Lithuania, eastern Europe [38]. In the neighboring
country, Turkey, T. polyacantha has been reported to
occur at a prevalence of 13.6%-15.53% [30]. Howev-
er, a highly variable prevalence rate of 1.1% to 70.4%
has been reported for T. polyacantha globally [39, 40,
41]. The adult worm is equipped with 44-68 rostel-
lar hooks; the TL of the large hooks discovered in the
present study was within the range of previous iso-
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lates (178-234 pm), whereas our isolates demonstrat-
ed shorter small hooks than previous ones (120-182
um). Hook length is not reliable in differentiating T.
polyacantha from other sympatric species (T. hydati-
gena and T. crassiceps); however, the former has more
hooks with somewhat distinctive shapes [14].

Another finding of the present study was the iso-
lation and molecular characterization of T. hydatige-
na in both foxes (n = 2; 9.1%) [34] and jackals (n =
2; 2.9%). The low prevalence observed in the present
study is consistent with the study done by Meshgi et
al. (2010) in various regions in Iran [24] and with the
study done by Bouchard et al. (2021) in wild canids
in Canada [37]. Nevertheless, this taeniid species has
previously shown moderately high prevalence rates
in Iran, such as northern areas (18.5% Guilan [3],
~30% Mazandaran [42]) and eastern parts (45% Sis-
tan region [43], 43% Mashahd [44]) as well as in other
countries such as Uzbekistan (57.4% in dogs) [45] and
Kazakhstan (21.7% in red foxes) [46]. Definitive hosts
acquire this cosmopolitan infection through ingestion
of infected domestic livestock, particularly sheep car-
casses harboring C. tenuicolis metacestodes. This me-
tacestode can render mortality in young animals and
cause significant organ damage, mainly by affecting
the liver, omentum, mesentery, peritoneum, pleura,
and other internal viscera [47, 48].

Since taeniid species possess homologous adult
and egg morphological characteristics, they should
be differentiated using molecular techniques. In this
sense, different PCR-based and sequencing approach-
es have been developed. Mitochondrial DNA is par-
ticularly valuable because of their rapid evolutionary
rate and high copy number, and it is of particular
interest for the molecular identification of closely re-
lated organisms [49]. The mitochondrial coxl gene
is one of the well-known genetic markers for cesto-
de differentiation [50]. In the present study, a 450 bp
cox1 fragment of this marker was amplified using uni-
versal primers (JB3, JB4.5), followed by sequencing of
four T. polyacantha and eight T. hydatigena. Of note,
three specimens isolated from northwestern Iran were
negative in repeated PCR analyses; this could be due
to degraded DNA molecules during extraction. Our
results indicated 100% and more than 99% identity in
multiple alignments of the obtained partial cox1 gene
sequences with the standard sequences previously de-
posited in GenBank.

This study confirms that T. polyacantha uses the
red fox as its definitive host in Iran.

Phylogenetic analysis demonstrated that the Ira-
nian isolates of T. polyacantha (n = 4) clustered with
Finnish genotypes, while T. hydatigena isolates (n = 8)
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clustered with some genotypes from Iran, Iraq, and
Slovakia in eastern Europe

Phylogenetic analysis indicated that T. polyacan-
tha is closely related to T. talicei and more distantly
related to T. hydatigena. These conclusions are cor-
roborated by Gomez-Puerta [18]. Furthermore, T.
hydatigena demonstrates a closer affinity to T. lyncis-
capreoli, consistent with previous studies [51, 52].

Conclusion

The present study provides new insight into the
molecular identification and phylogeny of Taenia spe-
cies infecting wild canids in Iran. Most notably, it rep-
resents the first molecularly confirmation of T. polya-
cantha in Iranian foxes, indicating potential hotspots
for the sylvatic circulation of this Taenia species.

Materials and Methods

Declaration of Generative AI and Al-assisted
technologies in the writing process

The authors declare that no generative Al or
Al-assisted technologies were used in the writing of
this manuscript.

Ethical Considerations

During the study, proper precautions were taken to safeguard
the researchers’ health and safety. All procedures were conduct-
ed in accordance with the code of ethics (Ethical code: IR.UM.
REC.1400.270).

Sample collection

This cross-sectional study involved necropsies of 93 road-
killed wild canids collected between 2022-2024 in the country's
northern, northeastern, and northwestern regions of Iran, includ-
ing 69 jackals, 22 foxes, and 2 wolves. General characteristics such
as location, date, animal species, sex, and age were documented
for each animal.

Morphology and morphometry evaluation

Staining with acid carmine was performed after isolating
the tapeworms from the wild canids' intestines [53, 54]. Species
identification of the isolated cestodes was performed using estab-
lished taxonomic key based on morphological and morphometric
parameters, including the number and size of the hooks and the
number of lateral uterus branches in the fertile proglottid. The fol-
lowing hook measurements were recorded in micrometers (pm):
including total length (TL), anterior chord length (ACL), posteri-
or chord length (PCL), blade length (BL), handle length (HL), and
total width (TW). Morphometric analyses were conducted using
AxioVision LE software. Measurements are presented as mean +
standard deviation (SD) [55, 56].

Molecular and phylogenetic analysis

DNA extraction was performed using a commercial DNA
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extraction kit (MBST, Iran) to characterize Taenia species in ac-
cordance with the manufacturer’s protocol. DNA concentration
and purity were assessed using a NanoDrop spectrophotometer,
and extracted DNA samples were stored at -20 °C until analysis.
The universal primers (JB3, JB4.5) amplifying the 450 base pair
(bp) fragment of the Mitochondrial Cytochrome C Oxidase Sub-
unit 1 gene (cox1) of the helminths were used, as follows: JB3:
5-TTTTTTGGGCATCCTGAGGTTTAT-3' and JB4.5: 5-TA-
AAGAAAGAACATAATGAAAATG-3" [57, 58].
chain reaction (PCR) mixture was prepared in a 25 pl volume,

Polymerase

containing 12.5 ul of MasterMix, 2 pl of each primer (10 pmol),
1 pl of extracted DNA sample, and 9.5 pl of distilled water (DW).
The PCR reaction was done in a Bio-Rad thermal cycler device, as
follows: an initial denaturation step at 94 oC for 5 min; 40 cycles of
denaturation at 94 oC for 30s; annealing at 52 oC for 45s); and ex-
tension at 72 oC for 35s); followed by a final extension at 72 °C for
10 min. PCR products were separated by electrophoresis on 1.5%
agarose, and 450 bp bands were visualized under ultraviolet (UV)
illuminator. The obtained amplicons were sequenced using the
Applied Biosystems™ 3500 (Life Technologies) The ClustalW pro-
gram was used to edit and align the sequences, while BLAST al-
gorithms and the National Center for Biotechnology Information
databases were utilized for sequence analysis. The MEGA v6.03
software generated a maximum-likelihood phylogeny, with Hy-
menolepis diminuta as the outgroup (Accession No.: KF689687).

Statistical analysis

Statistical analyses were performed using IBM® SPSS°® soft-
ware (Version 21, Armonk, NY USA). The Chi-square test was
used to assess parasite distribution by gender, geographic area,
and examined canine species. Statistical significance was set at p
<0.05.
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ABSTRACT

Neosporosis is a neuromuscular infectious disease in dogs caused by the protozoan N. caninum. This disease
is globally distributed; canines are the definitive hosts, while a wide range of animals serve as intermediate
hosts. This study aimed to compare the immunogenicity of different proportions of chitosan adjuvant in an
attenuated N. caninum vaccine in BALB/c mice. Twenty-eight BALB/c mice were divided into four groups
(n = 7 per group). Groups 1, 2, and 3 were subcutaneously immunized with attenuated tachyzoites of N.
caninum strain Nc-1 combined with micronized chitosan adjuvant at concentrations of 10%, 50%, and 90%,
respectively. Group 4 served as the negative control and did not receive any vaccine formulation or adjuvant.
All groups were monitored daily over a three-week period. Following sample collection, antibody levels
were quantified using ELISA, and cellular immune responses were evaluated by measuring IFN-y levels
with a commercial assay kit. According to ELISA results, the highest antibody levels were observed in the
group immunized with the attenuated N. caninum strain containing 90% chitosan adjuvant, showing signif-
icantly higher antibody levels compared to the control and other groups (p < 0.05). Similarly, IFN-y analysis
revealed that the strongest IFN-y-associated immune response was observed in the group immunized with
90% chitosan adjuvant, with significant differences compared to the control and other groups (p < 0.05).
Statistical analysis was performed using one-way ANOVA followed by Tukey's post-hoc test for multiple
comparisons. Based on these findings and the considerable effect of chitosan adjuvant on both antibody
levels and IFN-y-associated cellular immunity, these findings support further investigation of chitosan-con-
taining formulations as potential adjuvants for Neospora vaccine development.
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Introduction
N caninum is a protozoan parasite transmitted
transplacentally, with a wide range of inter-
mediate hosts and canines as definitive hosts. In many
countries, it is a leading cause of abortion in cattle
and a significant cause of neuromuscular paralysis in
dogs [1]. Cattle can be infected congenitally through
placental transmission or postnatally by ingesting
oocysts shed by the definitive hosts. Currently, there
is no effective drug to treat infected cattle; therefore,
prevention relies mainly on management and hygiene
practices [2]. Developing an effective vaccine would
greatly aid in controlling this disease.

Chitosan is a natural polysaccharide derived from
the partial deacetylation of chitin. It possesses poly-
meric properties that vary according to its degree of
deacetylation, molecular weight, viscosity, and the
number of amino groups. These features enable chi-
tosan to chemically interact with anionic systems, re-
sulting in changes to its physicochemical properties.
Consequently, chitosan exhibits excellent biological
properties, including biodegradability in the human
body, as well as immunological, antibacterial, and
wound healing activities [3].

Chitosan has been extensively studied as a vaccine
adjuvant due to its biocompatibility, biodegradability,
and immunostimulatory properties. Previous studies
have demonstrated that chitosan-based formulations
can enhance both humoral and cellular immune re-
sponses against various pathogens. For instance, Guo
etal. (2018) demonstrated that a chitosan microsphere
vaccine significantly increased IFN-y, IL-4, and IL-10
levels in mice immunized against Toxoplasma gondii
[8]. However, limited research has been conducted on
the use of chitosan as an adjuvant in Neospora cani-
num vaccines. While attenuated N. caninum vaccines
have shown promise in inducing protective immunity
[ref], the optimal adjuvant formulation for enhancing
their immunogenicity remains to be established.

To our knowledge, no study has systematically
compared the immunogenicity of different propor-
tions of micronized chitosan when combined with
an attenuated N. caninum vaccine. The concentra-
tions of 10%, 50%, and 90% were selected based on

Abbreviations-Cont'd

FBS: Fetal Bovine Serum

IFN-y: Interferon-gamma

J774: Murine macrophage-like cell line OD: Optical Density
OPD: o-Phenylenediamine

PBS: Phosphate-Buffered Saline

PPLO: Pleuropneumonia-like Organism

RPMI: Roswell Park Memorial Institute medium Vero: African
Green Monkey kidney cell line
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a preliminary dose-finding study (data not shown)
that evaluated a range of chitosan concentrations (5-
95%) for compatibility with the vaccine formulation
and absence of local toxicity. These three concentra-
tions were chosen to represent a low (10%), medium
(50%), and high (90%) proportion of chitosan in the
final vaccine formulation, allowing for a systematic
evaluation of the dose-response relationship.

We hypothesized that increasing the concentra-
tion of micronized chitosan adjuvant would enhance
both humoral and cellular immune responses to the
attenuated N. caninum vaccine in a dose dependent
manner. Therefore, this study aimed to compare the
immunogenicity of different proportions of chitosan
adjuvant in an attenuated N. caninum vaccine in
BALB/c mice.

Results
Evaluation of Vero cell line culture and passage

Visual inspection of the culture flasks indicated
clear and transparent medium, suggesting no micro-
bial contamination. Microscopic examination showed
that Vero cells preserved their characteristic regular
polyhedral morphology. Followin g inoculation,
tachyzoite release accompanied by progressive cell
destruction was observed within 4 to 7 days post-in-
oculation. The harvested tachyzoites obtained at peak
release (yield range: 5.2 x 107 to 8.1 x 107 per flask,
viability >95% by trypan blue exclusion) were subse-
quently used for immunization.

Assessment of microbial contamination in vac-
cine preparations

Cell culture monitoring over 48 hours showed no
evidence of microbial contamination in the prepared
vaccine formulations. Extended observation for 21
days confirmed the absence of Mycoplasma contam-
ination in the cell lines used for vaccine production.

Immunization outcomes in experimental mice

To evaluate the immunogenic potential of the ex-
perimental formulations, both humoral and cellular
immune responses were analyzed using ELISA and
IFN-y assays.

The ELISA results demonstrated that the group
immunized with the attenuated N. caninum strain
combined with 90% chitosan adjuvant (G3) exhibit-
ed the highest antibody levels. In contrast, Group G4
(control) displayed the lowest responses. Compar-
isons indicated that G3 induced significantly higher
antibody levels compared to all other groups (vs. G1,
p=0.0002; vs. G2, p = 0.0002; vs. G4, p < 0.0001). No

Immunogenicity of Chitosan-Adjuvanted Neospora Vaccine in Mice
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significant difference was observed between Groups
G1 and G2 (p = 0.9496). However, both G1 and G2
showed higher antibody levels than G4 (G1 vs. G4, p =
0.0474; G2 vs. G4, p = 0.0320). Analysis of IFN-y lev-
els further confirmed these trends. Group G3 induced
the strongest IFN-y-associated immune responses,
which were significantly higher than those of G1 (p
= 0.0003), G2 (p = 0.0002), and G4 (p < 0.0001). No
significant difference was detected between G1 and
G2 (p = 0.3333). In contrast, Group G4 exhibited a
markedly weaker response compared to both G1 (p =
0.0005) and G2 (p = 0.0008).

Overall, these findings demonstrate that the 90%
chitosan adjuvant formulation (G3) significantly en-
hanced both humoral and IFN-y-associated immune
responses compared to all other groups, highlighting
its superior immunostimulatory potential. Group
G4 (control) produced the weakest responses, while
Groups G1 and G2 displayed intermediate and com-
parable levels of immunity (Table 1).

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

ment of IFN-y-associated immune responses. Adju-
vants are critical components of vaccines, as they not
only enhance immunogenicity but are also safe for use
in both humans and veterinary applications [7].

In the present study, the highest antibody levels
were observed in the group immunized with the at-
tenuated N. caninum strain combined with 90% chi-
tosan adjuvant (G3). The results highlight the signif-
icant impact of the chitosan-containing formulation
on IFN-y-associated immune responses. Previous
research has demonstrated that adjuvants can induce
long-term humoral immunity, which is a key advan-
tage in vaccine development. However, it is important
to note that humoral immunity alone is often insufhi-
cient to protect against parasitic infections, which typ-
ically require robust cellular immune responses.

For instance, Guo et al. (2018) investigated the
immunomodulatory effect of chitosan adjuvant in
combination with a Toxoplasma gondii protein vac-
cine in mice. Their findings showed significant in-

Table 1.
Pairwise comparisons of ELISA (OD450) and IFN-y (pg/mL) responses between experimental groups.
c Mean Diff. 95.00% CI of diff. Adjusted P Value
Comparisons
Gamma Gamma Gamma

SIalEE ELISA jnterferon ELISA interferon ELISA jnterferon
-0.2419 to -0.1383 to

Gl vs. G2 0.03550 -0.04500 0.9496 0.3333
0.3129 0.04828
-0.5594 to -0.4233 to

Glvs.G3 -0.2820 -0.3300 0.0474 0.0005
-0.004647 -0.2367
0.9846 to 0.2717 to

Gl vs. G4 1.262 0.3650 0.0002 0.0003
1.539 0.4583
-0.5949 to -0.3783 to

G2vs. G3 -0.3175 -0.2850 0.0320 0.0008
-0.04015 -0.1917
0.9491 to 0.3167 to

G2 vs. G4 1.227 0.4100 0.0002 0.0002
1.504 0.5033

0.6017 to
G3vs. G4 1.544 0.6950 1.267 to 1.821 0.0001 <0.0001

0.7883

Data are presented as mean + SD (n=7 per group). Group labels: G1 = 10% chitosan; G2 = 50% chitosan; G3 = 90% chitosan;

G4 = negative control. P values adjusted for multiple comparisons using Tukey's post-hoc test.

Discussion

A review of the literature revealed that limited
studies have investigated the effects of various adju-
vants on antibody levels and cellular immunity titers,
particularly in the context of N. caninum vaccines.
Consistent with the findings of this study, the formu-
lation containing chitosan was associated with signifi-
cantly higher antibody levels in the tested samples.
In addition, the chitosan-containing formulation ex-
hibited a notable and statistically significant enhance-

Immunogenicity of Chitosan-Adjuvanted Neospora Vaccine in Mice

creases in IFN-y, interleukin-4, and interleukin-10
levels, leading to the conclusion that chitosan may
serve as an effective carrier system for toxoplasmosis
vaccines [8]. While this is consistent with our findings
in N. caninum, important differences between the two
parasites (1. gondii vs. N. caninum), antigens, and vac-
cine formulations must be considered. Additionally,
the present study used micronized chitosan rather
than chitosan nanoparticles used in previous studies.

Cellular immunity plays a crucial role in protec-
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tive immunity against neosporosis, primarily through
the production and secretion of cytokines such as
IFN-y. This cytokine, produced by T cells, is essential
for controlling N. caninum infection through the ac-
tivation of intracellular parasite killing mechanisms.
Studies have also shown that mice, as experimental
models, have limited endogenous IFN-y produc-
tion, which can be significantly enhanced through
the administration of adjuvants such as chitosan
[9]. Consistent with these reports, the present study
demonstrated that the chitosan-containing formula-
tion significantly increased IFN-y levels, thereby in-
dicating enhanced Thl-associated cellular immune
responses. Additionally, chitosan has been previously
shown to promote Th2 immune responses in other
studies (Singla & Chawla, 2001), which is consistent
with the elevated antibody levels observed in the pres-
ent study. However, the current study did not directly
measure Th2-associated cytokines (e.g., IL-4, IL-10),
and further studies are needed to confirm Th2 polar-
ization.

These findings collectively underscore the impor-
tance of chitosan as a potent adjuvant capable of stim-
ulating both humoral and IFN-y-associated immune
responses. Overall, the results of this study demon-
strate a positive and significant effect of chitosan-con-
taining formulations on the immune response against
N. caninum. ELISA tests revealed that the group im-
munized with attenuated N. caninum vaccine com-
bined with 90% chitosan adjuvant (G3) exhibited
the highest antibody levels, significantly greater than
those of the control and other groups (p < 0.05). Simi-
larly, IFN-y assays confirmed that this group mounted
the strongest IFN-y-associated immune response (p <
0.05).

While our findings demonstrate that the 90% chi-
tosan formulation significantly enhances immunoge-
nicity (antibody and IFN-y responses), these results
do not establish protective efficacy. Challenge studies
with N. caninum infection are needed to determine
whether the observed immune responses translate to
clinical protection. Therefore, we recommend further
investigation of chitosan-containing formulations in
protective efficacy studies.

Limitations

Several limitations of this study should be ac-
knowledged:
1- The sample size (n=7 per group) was relatively
small, and findings should be validated in larger stud-
ies.
2- No vaccine-only (without chitosan) or chitosan-on-
ly groups were included, limiting our ability to isolate
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the independent adjuvant effect of chitosan versus the
vaccine antigen.

3- No challenge infection was performed, so the pro-
tective efficacy of the observed immune responses
could not be evaluated.

4- Assessment was limited to ELISA and IFN-y; direct
cellular immune phenotyping (CD4/CDS8, lympho-
cyte proliferation) was not performed.

5- The attenuated vaccine was validated by reduced
virulence, but detailed characterization of attenuation
stability was limited.

6- The study duration (three weeks post-immuniza-
tion) does not address long-term immunogenicitted
to 2 x 10° tachyzoites per mouse.

Materials and Methods

Declaration of Generative Al and Al-assisted
technologies in the writing process

Artificial intelligence has been used to improve the grammar
of the English text.

Ethical approval

All procedures in this experiment were approved by the
Institutional Animal Care and Use Committee of Karaj Is-
lamic Azad University under the ethical approval Code IIR.
IAU.K.REC.1402.43. for continued incubation.

Mycoplasma contamination testing

Due to the risk of Mycoplasma contamination in cell cultures,
all cultures were tested using PPLO broth and agar media. Sam-
ples were incubated in PPLO broth (pH 7.6-8) at 37°C for 24-48
hours. Subsequently, 0.2 mL of each sample was inoculated onto
PPLO agar (3.5%, pH 6.7-8) and incubated at 37°C for 21 days.
Cultures were monitored for colony growth and pH changes.
Escherichia coli (ATCC 25922) was used as a positive control on
blood agar to verify that the culture medium supported bacterial
growth and that the detection system was functional. Sterility of
the vaccine preparations was confirmed by absence of bacterial
growth on blood agar and absence of Mycoplasma growth on
PPLO agar after 21 days.

Study animals and vaccination

A total of twenty-eight female BALB/c mice (6-8 weeks old,
weight 18-22 g) were obtained from [source]. Animals were
housed under standard conditions (22 + 2°C, 12:12 light/dark
cycle, ad libitum food and water) with 4 mice per cage. Mice
were randomly divided into four groups (n=7 per group) using a
computer-generated random number sequence (Microsoft Excel,
RAND function). Group allocation was performed by an inves-
tigator not involved in the animal care or outcome assessment.
Groups 1, 2, and 3 were subcutaneously injected with 2 x 10°
attenuated N. caninum tachyzoites (strain Nc-1) combined with
micronized chitosan adjuvant (molecular weight: [X] kDa, degree
of deacetylation: [Y]%, particle size: [Z] pum, supplier: [Compa-
ny]) at concentrations of 10%, 50%, and 90% (w/v of final formu-
lation), respectively. Group 4 served as the negative control and
did not receive any vaccine formulation or adjuvant. Each mouse

Immunogenicity of Chitosan-Adjuvanted Neospora Vaccine in Mice
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received a single 100 puL subcutaneous injection in the dorsal neck
region. Animals were monitored daily for three weeks to assess
their general health status (body weight, behavior, injection site
reaction, and clinical signs). At the end of the experimental period
(3 weeks post-immunization), blood samples were collected from
all mice via cardiac puncture. Serum was separated and stored at
-20°C until subsequent immunological analyses. The laboratory
technician performing the ELISA and IFN-y assays was blinded to
the group assignments until all data were collected.

Antigen preparation and ELISA test

Neospora antigen was prepared by sonicating 2 x 10°
tachyzoites in 1 mL of phenylmethylsulphonyl fluoride (2 mM) on
ice. The mixture was centrifuged at 10,000 rpm for 20 minutes at
4°C. The supernatant was used as the antigen. For ELISA, microti-
ter plates were coated with 100 pL of antigen (10 ug/well) diluted
in bicarbonate buffer, and incubated at 4°C for 24 hours. Plates
were then blocked with 3% bovine serum albumin in PBS-Tween
(0.05%) for 2 hours at room temperature.

After washing, mouse serum samples diluted 1:100 were add-
ed and incubated at 37°C for 1 hour. Plates were washed, and 100
pL of anti-mouse HRP-conjugated IgG (diluted 1:2000) was added
and incubated at 37°C for 1 hour. After washing, 100 uL of OPD
substrate was added and incubated in the dark for 15 minutes,
then the reaction was stopped with 100 uL of 12.5% sulfuric acid.
Absorbance was read at 450 nm using a microplate reader [6]. All
samples were run in duplicate, and the mean absorbance was used.
Blank wells (substrate only), negative serum control (from unim-
munized mice), and positive serum control (from mice previously
immunized with N. caninum) were included on each plate.

Gamma interferon (IFN-y) assay

Serum IFN-y levels were quantified using a commercial
mouse IFN-y ELISA kit (Invitrogen™ Mouse IFN-y ELISA Kit,
catalog # [X], Thermo Fisher Scientific, Waltham, MA, USA)
based on monoclonal antibodies, following the manufacturer's
protocol. The detection range was 15.6-1000 pg/mL with a sensi-
tivity of <5 pg/mL. The required sample volume was determined
according to the

Resource Equation Approach with E value = 24 (total animals
28, groups 4, so error df = 24). Samples were run in duplicate.

Data analysis

Statistical analysis was performedusing SPSS version 21.0
(SPSS Inc., Chicago, IL, USA). One-way ANOVA was used to
compare group means, followed by Tukey's post-hoc test for mul-
tiple pairwise comparisons. Adjusted P values were calculated us-
ing Tukey's method. A p-value of less than 0.05 was considered
statistically significant. Data are presented as mean + SD unless
otherwise stated. Each mouse was considered as one experimental
unit.
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Study of major causes and associated economic losses
of carcass and organ condemnation in cattle and sheep
slaughtered at two abattoirs in the north of Algeria
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ABSTRACT

Inspection at slaughterhouses is an important step for providing a safe meat for human consumption. A
cross-sectional study, involving antemortem and postmortem inspection was conducted from January to
April 2025 to establish condemnation reason in cattle and sheep slaughtered and inspected at two slaugh-
terhouses of Blida, northern Algeria. A total of 1091 animals, comprising 805 sheep and 286 cattle, slaugh-
tered during the period of the present study, 14.78% sheep and 32.51% cattle were condemned. Among
the animals examined, the most dominant condemnation patterns were pneumonia (38.65%), hydatidosis
(16.80%), abscess (15.96%) and respiratory strongylosis (15.96%) for sheep and tuberculosis-compatible
lesions (52.68%), hydatidosis (15.05%), abscess (11.82%), and pneumonia (10.75%) for cattle. Condem-
nation rate of lungs, hearts, livers, and heads for sheep were 84.87%, 2.52%, 7.56% and 4.20% respectively
and for cattle were 91.39%, 49.46%, 26.88%, 1.07% respectively. Also, 4.30% carcasses, 3.22% stomachs and
1.07% udders were condemned only in cattle. Main causes of lung condemnation were tuberculosis-com-
patible lesions (56.47%), hydatidosis (14.11%), pneumonia (11.76%), abscesses (7.05%), and emphysema
(7.05%) for cattle, whereas pneumonia (45.54%), abscesses (18.81%), hydatidosis (13.86%), hemorrhagic
lung (7.92%), and emphysema (5.94%) for sheep. Liver was condemned mainly associated with abscess
(36%), hydatidosis (32%) and tuberculosis-compatible lesions (24%) in cattle, while hydatidosis (55.55%),
hepatitis (33.33%) and abscesses (11.11%) were the main causes in sheep. For the hearts, tuberculosis-com-
patible lesions (97.82% for cattle and 66.66% for sheep) was the major cause of condemnations. The total
estimated economic losses was 30610.00 USD. Improving slaughterhouse facilities and conditions would
facilitate the work of veterinary inspectors. Similarly, analyzing the collected data would enable the develop-
ment of action plans to reduce the prevalence of specific pathologies.
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Introduction

eat has high nutritional value, particularly

because its rich in high-quality proteins,
minerals, and other essential nutrients [1]. Ensuring
the safety and wholesomeness of meat is very import-
ant for protecting public health [2]. Abattoirs play an
important role, in surveillance of various diseases of
public and veterinary health importance [3]. The col-
lection of sanitary information at slaughterhouse level
contributes to improving knowledge of the national
epidemiological situation [4]. During ante mortem
and post mortem inspection, organs and carcasses
may be condemned due to various pathogens and /or
pathological conditions [5]. The main causes of organ
condemnation during post mortem inspection are
diseases originated by parasites, bacteria and viruses
[6]. Some of the pathogens are zoonotic and therefore
have public health significance ; while and all causes
of condemnation incur serious economic losses to the
livestock industry [5].

Many studies have been carried out at the slaugh-
terhouse level to determine the prevalence and to col-
lect information on reasons for meat and offal con-
demnation [7, 8]. Reported condemnation rates vary
from 0.02% [9] to 87.7% [1] and the data about the
main causes of carcass and organ condemnation in
different countries varies significantly [10, 11].

In the Blida region of northern Algeria, livestock
farming is focused on cattle production and sheep
fattening. Also, the consumption of red meat has in-
creased with the growth of the local population. The
number of cattle slaughtered in this region increased
from 6,762 animals in 2021 to 27,752 in 2024, while
the number of sheep slaughtered has been estimated
at 106,260 in 2024 [12]. Currently, there is a limited
information on occurrence of various diseases/causes
and their economic losses due to organ and carcass
condemnation in cattle and sheep in the north of
Algeria specially the Blida region. Although similar
studies have been conducted in other regions [13, 14],
it is important to carry out the study because the prev-
alence and diseases occurrence may differ according
to geographical areas. The aim of the present study is
to determine the causes of organ and carcass condem-
nations in cattle and sheep based on ante-mortem and
post-mortem inspection procedure at two abattoirs in
the Blida region of northern Algeria and to evaluate
the associated economic losses.
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Results

Number and percentage of condemnations in
slaughtered animals

A total of 212 animals were condemned for var-
ious reasons, correpresenting to a prevalence of an-
imals with at least one condemned organ or carcass
of 19.43% (95%CIL: 17.1% - 21.8%). The prevalence of
condemnations were higher in cattle than in sheep (p
< 0.00001) (Table 1).

Table 1.

Number and percentage of condemnations in slaughtered animals

95% CI

Animal species
Number examined
Condemnations n (%)

Sheep 805 119 (14.78)32.51) [12.3% - 17.2%]

Cattle 286 93 (32.51)
95% CI (%) :95% confidence interval

[27.1% - 37.9%]

Number and percentage of condemnations ac-
cording to sex and age

Among cattle, females were slightly more affected
than males, although the difference was not statisti-
cally significant. Also, the condemned animals aged
>2 years was significantly greater than those aged <2
years (p < 0.001). In contrast, the condemned sheep
was significantly higher in males than in females (p <
0.0001) and in animals younger than 1 year (Table 2).

Causes for condemnations in slaughtered cattle
and sheep

Post-mortem examination showed a varity ab-
nomalities and diseases (Table 3, Figure 1). The iden-
tified conditions included:

pneumonia (Figure 2), emphysema (Figure 2),
hemorrhagic lung (Figure 2), hepatitis, pulmonary
hepatization, tuberculosis-compatible lesions, acti-
nobacillosis, actinomycosis, hydatidosis (Figure 4),
respiratory strongylosis, sarcoptic mange, lumpy skin
disease (LSD), traumatic reticuloperitonitis (TRP),
traumatic carcasses, abscess (Figure 2), rotten and
hemorrhagic carcasses.

Condemnation of meat and offal

The total of 283 condemnation events comprised
279 organ condemnations and 4 carcass condem-
nations were condemned in the two animal species.

Major causes of carcass and organ condemnation in Algeria
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Table 2.
Number and percentage of condemnations of animal slaughtered based on sex and age
Cattle Sheep
Category N % p-value Category N % p-value
Sex
Male 41 44.08 Male 110 92.43
0.25 <0.0001
Female 52 55.91 Female 9 7.56
Age
< 2ans 28 30.10 [? months - o 78.15
-1 years]
<0.001
>2ans 65 69.89 [Lyears-5 ¢ 13.44 <0.001
years |
> 5 years 10 8.40

The count is at condemnation-animal level (N=93 for bovins/ N=119 for ovins).

Iffiliebz.r and percentage of causes for condemnations in slaughtered cattle and sheep

Causes for condemnations Bovins Ovins
n/93 % n/119 %

Pneumonia 10 10.75 46 38.65

Tuberculosis-compatible lesions 49 52.68 2 1.68

Hydatidosis 14 15.05 20 16.80

Abscess 11 11.82 19 15.96

Respiratory strongylosis 2 2.15 19 15.96

Emphysema 6 6.45 6 5.04

Hemorrhagic lung 0 8 6.72

Hepatitis 1 1.07 4 3.36

Hepatization of lung 0 4 3.36

Sarcoptic mange 0 4 3.36

Actinobacillosis and Actinomycosis 1 1.07 1 0.84

Traumatic carcasses 2 2.15 0

Lumpy skin disease (LSD) 1 1.07 0

Traumatic reticuloperitonitis (TRP) 1 1.07 0

Rotten carcasses 1 1.07 0

Bleeding carcasses 1 1.07 0

p-value <0.0001 <0.0001

The count is at condemnation-animal level (N=93 for bovins/ N=119 for ovins).

Condemnations were significantly greater (p = 0.005)
in cattle 165 (58.30%) than sheep 118 (41.69%).
Among the 212 animals with at least one condemned
organ or carcass, the lungs (n=186) were the most
affected organ, followed by the hearts (n=49), livers
(n=34), heads (n=6), stomachs (n=3) udders (n= 1)
(Figure 5).

Major causes of carcass and organ condemnation in Algeria

The lungs were the most condemned organ in
both animal species. Heart and the liver condem-
nations were more common in cattle than in sheep,
while carcass, stomach, and udders were condemned
only in cattle. Head condemnation was more recorded
in sheep than in cattle (Table 4).

The lung was seized for various reasons. In cattle,
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Figure 1.

Figure 2.
Main pulmonary lesions encountered in the two animal species.
(A); Pneumonia, (B); Hemorrhagic lung, (C); Emphysema, (D); Abscess in the lung.

the main cause for lung condemnation was tubercu-
losis-compatible lesions and the least reason was TRP.
In sheep, pneumonia was the most pathology record-
ed, while lower condemnation rates were recorded
for tuberculosis-compatible lesions and strongylosis
(Table 5).

In the case of liver condemnation, abscess for cat-
tle and hydatidosis for sheep were the most frequently
recorded causes, whereas TRP for cattle and abscess
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for sheep were the lowest recorded causes (Table 6).

Among the condemned hearts, tuberculosis-com-
patible lesions was the predominant cause in both
species (Table 7).

Regarding head condemnation, four cases of sar-
coptic mange, and one case of actinobacillosis were
recorded in sheep. While in cattle, only one case of
actinomycosis was recorded. The other organs were
seized in cattle for tuberculosis, these are 3 cases for

Major causes of carcass and organ condemnation in Algeria
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The count is at condemnation-animal level (N=212).

the stomach and a single case for the udders. The
four cases of carcasses condemnation were recorded
for tuberculosis-compatible lesions associated with
traumatic carcasses, abscess associated with traumatic
carcasses, bleeding carcasses associated with LSD and
finally rotten carcasses.

Major causes of carcass and organ condemnation in Algeria
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Figure 3.

Tuberculosis lesion.

(A); Tuberculosis in bovin
carcass,(B);  Tuberculous
lymph node (black arrow).

Figure 4.

Hydatid cyst in the liver.
(A); Dead and calicified
cyst (B) Living cyst.

Figure 5.

Meat and organs seized

from both animal species
1.41%

==

0.47%
A

Udder

The partial and total organs and carcasses
condemnations

Of the 283 condemned organs and carcasses,
162 (57.24%) cases underwent total condemnation,
whereas 121 cases (42.76%) underwent partial con-

demnation. The type of condemnations according to
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Table 4.
Organ-specific condemnation among cattle and sheep.
Bovins Ovins
Seized meat and offal p-value
n/93 % n/119 %

Carcasses 4 4.30 0 /

Lung 85 91.39 101 84.87 0.24
Heart 46 49.46 3 2.52 <0.0001
Liver 25 26.88 9 7.56 0.0061
Head 1 1.07 5 4.20 0.22
Stomach 3 3.22 0 /

Udder 1 1.07 0 /

The count is at condemnation-animal level (N=93 for bovins/ N=119 for ovins).

64

Table 5.
The percentage of causes for lung condemnation..
Cattle (N=85) Sheep (N=101)
Causes for con- N Causes for con- .
demnations n (%) p-value demnations n (%) p-value
Tuberculosis-com- g (56 47 Pneumonia 46 (45.54)
patible lesions
Hydatidosis 12 (14.11) Abscess 19 (18.81)
Pneumonia 10 (11.76) Hydatidosis 14 (13.86)
Abscess 6 (7.05) lHem"”hagic 8 (7.92)
ung
Emphysema 6 (7.05) <0.0001 Emphysema 6(5.94) <0.0001
Relspilratory stron- (2.35) Hepatization of 4(3.96)
gylosis lung
Tuberculo-
TRP 1(1.17) sis-compatible 2(1.98)
lesions
Respiratory
strongylosis 2(1.98)
The count is at condemnation-organ level (N=85 for cattle/ N=101 for sheep).
Table 6.
The percentage of causes for liver condemnation.
Cattle (N=25) Sheep (N=9)
Causes for con- . Causes for con- o
demnations n (%) p-value demnations n (%) p-value
Abscess 9 (36) Hydatidosis 5 (55.55)
Hydatidosis 8 (32) Hepatitis 3 (33.33)
Tuberculosis-com-
] ) 6 (24) 0.02 Abscess 1(11.11)  0.26
patible lesions
Hepatitis 1(4)
TRP 1(4)

The count is at condemnation-organ level (N=25 for cattle/ N=9 for sheep).
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Table 7.
The percentage of causes for heart condemnation.
Cattle (N=46) Sheep (N=3)
Causes for con- " Causes for con- ®
demnations n (%) p-value demnations n (%) p-value
Tuberculosis-com- Tuberculo-
bl . 45 (97.82) sis-compatible 2 (66.66)
patible lesions <0.0001 lesions -
TRP 1(2.17) Emphysema 1(33.33)

The count is at condemnation-organ level (N=46 for cattle/ N=3 for sheep).

the affected organs or carcasses are shown in figure 6.

Estimation of financial losses associated with
organs and carcasses condemnation

For the economic loss, it was estimated accord-
ing to the weights of the condemned organs and car-
cass, and their corresponding market pricees per kg of
meat in the Blida region. Out of 1091 cattle and sheep
carcasses inspected, 1200kg of carcasses and 485kg of
organs were seized. Therefore, the total economic loss
of both organs and carcasses was estimated at 30610.00
USD, as shown in Table 8.

Table 8.
Partial and total condemnations and estimation of economic losses.
Offal and Meat Total Unit price  Estimated loss in
condemned  weight (kg) in USD USD
Carcasses 1200 18.77 22524
Lung 215 18.02 3874.3
Heart 30 22.53 675.9
Liver 80 37.54 3003.2
Head 150 3.00 450
Stomach 5 15.02 75.1
Udder 5 1.50 7.5
Total 30610.00
Discussion

Many surveys conducted to investigate conditions
and abnormalities have been performed in different
countries abattoir [10] and numerous studies have in-
vestigated the causes and rates of carcass and organ
condemnation in different countries, with consider-
able variation reported among studies. For example, a
carcass condemnations rate of 0.37% was reported in
cattle in Namibia Mbiri et al. [8]. In Iran, the rates of
carcass and offal condemnations were 0.21% in cattle
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and camels and 0.02% in sheep and goats [9]. In Zam-
bia, a condemnation rate of 0.55% was reported for
cattle carcass and offal [7], whereas in Turkey, rates of
0.32% for carcasses and 2.33% for offals were report-
ed in both sheeps and cattle [15]. In the USA, a cat-
tle carcass condemnation rate of 2.01% was reported
[16], while in Benin, the cattle carcass condemnation
rate was 12.17% [17]. In Italy, condemnation rates of
2.77% in sheep and 23.87% in cattle were reported for
both carcass and organs [18]. In Ethiopia, Ahmed et
al. [2] reported an organ condemnation rate of 39.06%
in cattle, while Sheferaw and Abdu [5] reported a rate
of 69.2% for organ and carcass condemnations. In Al-
geria, a condemnation rate of 46.20% for sheep organ
and carcass was reported [4] whereas in Egypte, rates
of 8.7% in sheep and 87.7% in cattle were reported for
both meat and offal [1]. These results must be careful-
ly evaluated because the substantial difference among
these studies may be explained by several factors like
differences between the prevalence of diseases, the
characteristics of the slaughterhouse, the data source,
the study period, experimental design, geographical
location, season, the meat inspection technique and
the periode during which the studies were conduct-
ed [8, 10]. In the present study, parasitic lesions were
more frequently associated with condemned organs
in sheep than in cattle, which it’s in agreement with
other research works [2, 5, 9, 13, 14, 18, 19, 20]. This
means that parasites may be responsible for consid-
erable losses of meat, and especially offal, in sheep,
more so than other diseases [11]. This could be main-
ly due to the presence of stray dogs and cats which
can excrete parasites and contaminate plants and food
intended for livestock [11]. This possible explanation
or hypothesis was not evaluated in the current study,
but stray dogs are frequently involved in environmen-
tally transmitted diseases, particularly soil- and wa-
ter-borne parasites, due to uncontrolled defecation
and opportunistic behavior [21].

In the present study, sheep were more infested
with parasites than cattle. This can be explained by
the fact that sheep are raised in groups in extensive
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farms in close and constant contact with stray dogs
and cats [10, 22]. In the present study, the most fre-
quent reason for condemnation for cattle was tuber-
culosis-compatible lesions 52.68%, consistent with
the active circulation of Mycobacterium in algerian
herds, particularly in old animals. Nevertheless, the
high prevalence is explained by airborne transmis-
sion between animals, overcrowding of animals, the
prolonged persistence of the bacillus in the environ-
ment, as well as by gaps in screening and eradication
strategies [23]. In the present study, we acknowledg
the lack of laboratory confirmation for these lesions
but M. bovis infections account for a high amount of
granulomatous lesions detected in Algerian slaughter
cattle during standard meat inspection at Algiers and
Blida abattoir [24]. Indeed, Sahraoui et al. [24] re-
ported that from gross visible granulomatous lesions
isolated from 100 cattle in the abattoirs of Algiers and
Blida, M. bovis was isolated from 88 of them. The eco-
nomic importance and public health significance of
this zoonotic disease have been established in many
countries [17]. Several previous studies have similarly
identified tuberculosis-compatible lesions as the prin-
cipal cause of condemnation [5, 7, 13, 17]. The third
causes for condemnation for the both animal species
was abscess. This corroborates with observations
made by many authors [4, 7, 19, 20]. Abscess forma-
tion may result from infections involving a variety
of bacterial pathogens, including Corynebacterium
pseudotuberculosis-compatible lesions, Staphylococcus
aureus, Streptococcus spp. These infectious agents can
be transmitte to animals by breeding equipment [25].
Pneumonia have also been recorded in the present
study, some authors have previously reported similar
results [2, 4, 14, 16, 19, 20]. Others respiratory pa-
thologies, including emphysema, hemorrhagic lung,
hepatization, were also observed in the present study.
The interlobular structural organization of the lungs
in ruminants (lack of collateral ventilation), especial-
ly in cattle, could makes these animals more suscep-
tible to respiratory diseases [26]. Some factors were
reported in the literature such as poor ventilation in
the sheepfolds, overcrowding in the livestock build-
ing, exhaustion during the dry season due to long
treks in search of pasture and water, climate change,
exposure to dust and parasitism may also play a role
in the emergence of these respiratory diseases [4, 19,
26]. Because of these factors, lungs are may be the
most condemned organ in the abattoirs [25]. This is
observed in the present study and corroborates with
various investigations in different countries [4, 9, 17,
25, 27]. However, others investigations [2, 5, 19, 20]
have identified the liver as the most condemned or-
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gan. According to Grist [28], the liver and lung were
highly infested and more susceptible than other organs
because they are highly vascularized and function as
a filter organ, potentially making them frequent sites
for the localization of infectious agents. In the present
study, lung condemnation in cattle was frequently as-
sociated with bovine tuberculosis-compatible lesions,
which is consistent with observation reported by
Garcia-Diez et al. [10]. The thoracic cavity is known to
be the main location of bovine tuberculosis-compati-
ble lesions [10]. Similarly, inflammation of lung tissue
and certain parasitic pathologies such as hydatidosis
have also been considered as the most frequently en-
countered causes of lung condemnation [5, 10, 19, 20,
27]. Hydatidosis, the major parasitosis found in the
present study, was reported to be the principal pat-
tern of liver condemnation [19]. Condemnation for
hepatitis and abscesses is expected because parasitic
infestation can cause degeneration of liver tissue [10].
Heart condemnation in the present study was mainly
associated with tuberculosis-compatible lesions and
emphysema, while a very low percentage was associ-
ated with TRP. Garcia-Diez et al. [10] reported that
the heart damage was usually secondary to respirato-
ry problems. The economic losses incurred in abattoir
survey were 30610.00 USD according to the conversion
rate used in the study. This economic loss was higher
than those reported in some previous studies [8, 20,
26]. Differences between studies may be explained by
variation in study plan, slaughterhouse output, price
of meat and offal among countries, prevalence of dif-
ferent pathologies, rejection rate of organs [19, 20],
currency conversion and year of estimation. However,
no matter how significant these losses are, they always
have a negative effect on meat production, abattoir in-
come and the economy in general [8].

Conclusion

In conclusion, data collected at the two slaugh-
terhouses of the Blida region made it possible to
identify the main diseases affecting cattle and sheep.
Among cattle, tuberculosis-compatible lesions is the
most common, followed by hydatid cysts, abscesses,
and pneumonia. In sheep, pneumonia predominates,
followed by hydatid cysts, abscesses, and respiratory
strongyles. These results highlight the need to step up
upstream measures to prevent the occurrence of these
conditions.

Limitations

The importance of the present study reveals that
it is among the very rare abattoir survey study in the
north of Algeria specially the region on Blida region.

Major causes of carcass and organ condemnation in Algeria
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However, several limitations should be considered
when interpreting the findings. First, the limited num-
ber of visits per week (only 4 days) and the relatively
short sampling period limits the ability of the study to
show long-term trends and the rare events or patho-
gen spikes might be missed. Second, the study was
conducted at only two abattoirs and the findings may
not be representetive of all slaughterhouses in north-
ern Algeria or the whole country, because each region
may have distinct farming, hygiene, or processing
conditions. Another important limitation is the pos-
sible effect of seasonal variation, beacause the present
study was conducted during a single season which can
missed high or low risk periods throughout the year,
the weather and temperature change across the year
which can affect microbial growth and animal health.
In addition, study population may not perfectly repre-
sent the wider livestock population in Algeria.

Materials and Methods

Declaration of Generative Al and Al-assisted
technologies in the writing process

There is no generative Al and Al-assisted technologies used in
the writing process.

Ethical approval

This study involved routine ante-mortem and post-mortem
inspection of animals slaughtered for commercial purposes and
did not involve experimental procedures or additional interven-
tions on animals.

Study area

This study was conducted from January to April 2025 in two
slaughterhouses, Zaouia et Boufarik, located in Blida region of
northern Algeria. Blida city is situated about 45 km southwest of
the capital of Algiera, at an altitude of 190 m above sea level. The
region has Mediterranean climate, with an average annual tem-
perature of 17.9 °C and an average annual rainfall of 791 mm. The
study area broadly fall within agricultural zone with significant
production, farm animals are also diversified (cattle, sheep and
goats).

Study population

The sample size for this study was determined based on the ac-
tual throughput and availability of animals brought to the slaugh-
terhouse during the sampling period. Due to the lack of compre-
hensive pre-existing data on the local livestock population and to
reflect real sample size, we chose to include all slaughtered animals
that were accessible. This convenience sampling approach maxi-
mized the number of subjects included, given the facility's logisti-
cal and seasonal constraints. A total of 1091 animals, comprising
805 sheep and 286 cattle, intended for local consumption were in-
cluded in the study. Animals were selected, with every fifth cattle
and every tenth sheep, selected for examination. The selected ani-
mals were identified according to age and sex during ante mortem
inspection. Cattle were classified into two age groups: < 2 years
and 22 years, while sheep were classified into three groups: [6
months -1lyear], [1year- 5 years], > 5 years. The animals' ages were
provided by the breeders and, when possible, verified by exam-
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ination of the animals' teeth. The cattle included local breeds and
crossbreeds. Slaughter animals were transported to the abattoirs
by road on approved transport vehicles and they were brought for
slaughter from different districts around Blida region. It should be
noted, The sum of the percentages for some measures exceeds 100%
because individual animals may have been associated with more than
one condemnation or cause of condemnation.

Study design and data collection

A cross-sectional study was conducted to determine the caus-
es of condemnation in cattle and sheep and to estimate economic
lossse. In this study each week four days visit was made for the
examination of slaughtered animals which correspond to the days
of highest slaughter volumes occuring over the two-days weekend
period (Friday, Saturday), and on the two livestock market days
(Monday, Wednesday). The animals were selected bby systemat-
ic sampling techniques and on each visit day, about 50-55 sheep
and 17-18 cattle were examined. Accordingly, a total of 805 sheep
and 286 cattle were examined. The study was conducted using
previously designed questionnaires. The questionnaire collects
and provides information on the slaughtered animals (age, sex,
species), the type of lesion, organ affected, and the weight of the
different condemned organs.

Methods of inspection (examination)

Routine examination was carried out by the qualified veteri-
nary hygiene inspector assistants. Decisions were made to confirm
or cancel the slaughter of the animals. The technical methods used
to achieve reliable results followed the logic below :

Antemortem inspection

Before slaughter, each animal was examined for its general
condition, nutritional status and the presence of any abnormali-
ties or clinical sign. This inspection is carried out according to the
following steps:

- Presentation of a slaughter authorization certificate is man-
datory for any animal entering the slaughterhouse. This documen-
tation allowed the health officer to distinguish between sanitary
and ordinary slaughter, with verification of the animal's identifica-
tion and ear tag numbers, where available ;

- An initial remote examination allowed the health officer to
identify certain pathologies ;

- If necessary, the veterinarian performed a detailed clinical
examination on certain animals.

Decisions were taken according to the actions specified by
FAO [22]. Sick or infected animals, as well as the overworked were
isolated in the designated holding area when required, while, ani-
mals considered suitable for slaughter proceeded to the slaughter
process.

Postmortem inspection

This inspection was conducted approximately one hour after
slaughter and it was carried out according to the following steps:

- A general inspection : to obtain a first impression of the ani-
mal's health after slaughter.

- Inspection of the viscera and organs: to detect any internal
abnormalities in appearance, shape, color, consistency of all or-
gans, especially the liver, lung, heart, kidneys. The examination
of the viscera followed a systematic procedure, as indicated in the
table 10. Pathological lesions were differentiated and the following
judgment were used:

- Accepted for humain consumption : Meat and organs show-
ing no disease or contamination and are safe for human consump-
tion.

- Partial Condemnation: Only a small, localized part or single
organ is removed, while the healthy rest is kept.
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Table 9.
Gross pathological criteria used for classification of lesions [23, 31].,

Pathological con-
ditions

Diagnostic of specific criteria

Tuberculosis com-

patible lesions

-Visual and palpation of yellowish-white, encapsulated granulomas with caseous or gritty calcified centers in
target organs like lungs and associated lymph nodes (including the bronchial and mediastinal) as well as retro-
pharyngeal and mesenteric nodes.

Pneumonia

-Visual and palpation of areas of dark red or grey consolidation (characterized by firm, heavy, non-collapsed
lung tissue), often in the cranioventral lobes or fibrinous pleurisy adhesions on the lung surface.
- In the airways: Presence of catarrhal, purulent, or bloody exudate inside opened bronchi and the trachea.

Hydatidosis

-Visual and palpation of fluid-filled vesicular cysts of varying sizes embedded in the tissue or bulging on the
organ surface predominantly in the lungs and liver.

- On incision: A distinct external white germinal/laminated wall with clear hydatid fluid and sometimes gritty
brood capsules inside.

Respiratory tron-

gylosis

-Visual and palpation of small nodular, subpleural gritty foci (Mullerius) or generalized rubbery worm-filled
large bronchi (Dictyocaulus).

-In the airways: Slicing major bronchi and the trachea reveals slender, thread-like white adult nematodes mixed
with mucus or focal chronic bronchitis.

Emphysema

-Visual appearance: Pale pink to grayish-yellow, overinflated, bulbous lung lobes with visible subpleural air
bubbles or pearl-like bullae.
- On Palpation: Puffy texture with a characteristic spongy or crepitant feel.

Hemorrhagic

lung

-Visual appearance: Focal, multifocal, or diffuse dark-red to black patches on the pleural surface and deep
parenchyma.
- On Palpation: Firm or spongy areas that ooze dark, unclotted or partially clotted blood upon incision.

Hepatitis

-Visual appearance: Alterations in normal reddish-brown color (pale, yellow-brown, or bright red), swelling,
and presence of white/gray foci, fibrous scars, or migratory parasitic tracts.

-Palpation and Incision: Increased organ consistency (firmness), rounded borders, and gritty or caseous tex-
tures upon cutting into portal lymph nodes or hepatic parenchyma.

Hepatization

of lung

-Visual appearance: Lungs resemble liver tissue (heavy, solid, and airless). Divided into red hepatization (dark
red, hyperemic, firm) and gray hepatization (grayish or pale yellow, dry, highly dense) stages typical of fibrinous
or bacterial pneumonia.

Palpation and Incision: Firm, heavy, and non-crepitant consistency; sinking in water. Cut surfaces display a dry,
granular appearance without bubbling air.

Sarcoptic mange

-Thickened, wrinkled, and hyperkeratotic skin with crusts, papules, and large folds, predominantly starting
around the head, neck, and shoulders.

Firm, hard, nodular granulomatous swellings and suspected cases of abscesses containing thick, sticky, gray-

Actinobacillosis ish-white or greenish-yellow pus. Primarily affects soft tissues, especially the tongue, lips, and associated head
lymph nodes (infrequent in sheep)
. . Gritty pus or tissue scrapings show characteristic hard sulfur granules Involves hard bony tissues, characteristi-
Actinomycosis ) .
cally the mandible or maxilla of cattle.
Traumatic Visual assessment of asymmetrical tissue damage, hemorrhage in musculature, fractured bones, and torn or
carcasses lacerated soft tissues.
. Subcutaneous nodules clearly visible after skinning; characteristic nodules and ulcers found across the mucous
lumpy skin disease

membranes of the digestive tract, trachea, and lungs.

Traumatic Reti-

culo-Peritonitis

-Presence of metallic or sharp foreign objects, such as nails or wire, penetrating the reticular wall.
-Localized peritonitis, fibrinous or purulent adhesions between the reticulum, diaphragm, and adjacent organs
(liver or spleen).

(TRP)
-Abnormal, foul, putrid, or sour odors emanating from the meat, body cavities, and musculature.
-Discoloration of the flesh (greening, darkening, or hyperemic blood pooling),
loss of muscle tone, and gas accumulation or bloating in uneviscerated parts.
Bleeding Lo . .
- Presence of marked blood congestion in subcutaneous, axillary, and intercostal blood vessels are full of blood
carcasses and congested.

- Presence of an abnormal dark, dull, or wet meat appearance (instead of a bright, well-set, dry surface).

All lesions were classified on the basis of gross post-mortem examination. The laboratory confirmation is not done.
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Table 10.
Visceral inspection technique [30].
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Organ/System

Steps of examination

-Visual examination of the pericardial sac (parietal pericardium);

Heart and pericar-

dium

-Visual observation and palpation of the heart;

-Incision of the pericardium and observation of the fluid;

-Longitudinal incision to open the ventricles and penetrate the interventricular septum

-Visual examination of the lungs: appearance, volume, color, etc.;

Lungs, trachea,

- Palpation of all lobes, from the hilum to the periphery;

- Incision and examination of the tracheobronchial, mediastinal, and apical lymph nodes;

esophagus

- Incision of the trachea and bronchi and of each lung and examination of the pulmonary parenchyma;

- Visual examination and palpation of the esophagus.

- Visual examination ;

- Palpation of both surfaces ;

- Palpation and incision of the hepatic lymph nodes ;

Liver o )
- Two incisions on the visceral surface :

« A long and shallow incision between the right and left lobes ;

o A short and deep incision involving the caudate lobe.

-Visual examination and palpation ;
Spleen o
- Incision when necessary.

-Visual examination and palpation ;

Kidney - Incision along a sagittal plane ;

- Incision and examination of the renal lymph nodes.

- Visual examination : rumen-reticulum junction, mesentery, omentum, intestinal wall ;

Digestive tract

- Palpation, incision when necessary of the gastric and mesenteric lymph nodes.

-Visual examination of the genital organs and uterine contents;

Uro-genital tract

- Incision of the scrotal nodes in males.

- Palpation and incision when necessary (without contaminating the carcass);

-Visual examination of the external surfaces of the head ;

Head, tongue

-Incision of the mandibular (submandibular), parotid, and lateral and medial retropharyngeal lymph nodes.

- Visual examination and dorsoventral palpation of the tongue.

The inspection procedure was adopted from the order of 17 March 1992. Official Journal of the French Republic;1992.

-Total Condemnation: The entire carcass and all organs are
destroyed due to widespread disease or toxic risks [29].

Estimation of economic losses attributed to organ and/or car-
cass condemnations

The estimation of economic losses was calculated according
to the weight of condemned organs and meat and their average
local market prices (per kg) during the study period. The unit
prices were obtained from Commercial Services Directorate for
the Blida Region— April 2025.These prices represented the butch-
er prices and were applied to all animal species. During the study
period, the prices for the liver, lung,heart,beef,head, stomach, ud-
der was 37.54 USD, 18.02 USD, 22.53 USD, 18.77 USD, 3.00 USD,
15.02 USD and 1.5 USD respectively. The total economic loss was
calculated using the following equation:

Total loss = (C * PC) + (Lu * PLu) +(H * PH) + (L * PL) +
(He * PHe) + (S * PS) + (U * PU). Where in kg, C = Carcasses
total condemned weights, Lu = lung total condemned weights,
H = heart total condemned weights, L = liver total condemned
weights, He = total condemned weights, S=Stomach total con-
demned weights, U = Udder total condemned weights Where in

Major causes of carcass and organ condemnation in Algeria

USD, PC = Unit price of carcasses, PLu = Price of lung, PH = Price
of heart, PL = Price of liver, PHe = Price of head, PS = Price of
stomach, PU = Price of udder.

Statistical analysis

For statistical analysis, software program Microsoft Excel 2010
and IBM SPSS Statistics Version 20 (© IBM Copyright, IBM Cor-
poration and its licensors 1989.2011 IBM., USA) was used. The
collected data were analyzed according to animal species (cattle
and sheep), gender, age, and other relevant factors based on the
number and percentage of animals slaughtered and recorded in
the slaughterhouses. Confidence intervals (CIs) at a 95% confi-
dence level were calculated using SPSS. The Chi-square test of ho-
mogeneity was applied to compare the different factors. Statistical
significance was set at p < 0.05.

Data-availability statement

The datasets generated and/or analyzed during the current
study are available from the corresponding author on reasonable
request.
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Clinical and radiographic findings of Monteggia frac-
ture in a one-year-old-male mule
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ABSTRACT

The elbow joint is between the distal humerus and proximal radius and ulna. In uncommon cases, severe
traumatic injury to the elbow may result in concomitant fracture and luxation or subluxation of its struc-
ture. The Monteggia fracture is defined as dislocation of radial head associated with proximal ulnar fracture.
This injury is rare in the horse and to the authors' knowledge, no previous reports in mule. Concurrent
fractures of the ulna and radius can be particularly challenging. Because of the extensive soft tissue and ar-
ticular cartilage injuries, cases with Monteggia fracture have an unfavorable prognosis. Although, successful
surgical management has been documented in some cases. Even though the successful reports of repair
of Monteggia fracture, these cases are as pasture-sound animals. This report describes a type I Monteggia
fracture in a one-year-old male mule. Clinical examination revealed severe swelling, pain, crepitation and
non-weight-bearing lameness. Radiographic evaluation confirmed the Monteggia fracture. Given the little
information available regarding Monteggia fracture in equine, a better understanding of treatment of this
injury is warranted.
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Introduction
e humeroradial (elbow) joint is between the
distal humerus and proximal radius and ulna.
The stability of the elbow joint is supported by collat-
eral ligaments, while its joint capsule attaches to the
margins of the articular surfaces of the humerus, radi-
us, and ulna bones [1]. In equines, elbow lameness is
commonly associated with direct trauma, falls, or even
collisions with objects or other animal. In uncommon
cases, severe trauma may lead to concomitant luxation
of the humeroradial joint and fracture of the proximal
part of the ulna, a condition known as a Monteggia
fracture [1, 2, 3]. This injury was first described in
1814 by Giovanni Battista Monteggia [4]. Originally
Monteggia is rare condition in equines [5, 6, 7, 8] and
to the authors' knowledge, this condition has not pre-
viously been reported in mule. The present case report
describes clinical and radiographic findings of a type I
Monteggia fracture in a one-year-old male mule.

Case Presentation
Ethical Considerations

This manuscript reports a clinical case managed
as part of routine veterinary care. All diagnostic pro-
cedures were performed in accordance with accepted
standards of veterinary clinical practice and relevant
animal welfare guidelines.

History and clinical finding

A one-year-old 180 kg male mule was referred to
the Veterinary Clinic of Ferdowsi University of Mash-
had with a history of a sudden acute lameness of the
left forelimb.

The mule became trapped by a rope wrapped
around a tree and sustained trauma while attempt-
ing to escape. On clinical examination a non-weight
bearing lameness with a dropped elbow posture of
the affected limb was observed. The elbow joint and
antebrachium were severely swelled (Figure 1). Palpa-
tion of the affected region elicited severe pain, crep-
itation and bone displacement. Based on the clinical
findings, a fracture or dislocation was suspected.

Radiographic Findings and Interpretation

Mediolateral and craniocaudal radiographic
views of the left elbow were obtained (X-ray machine
(Soyeet SY-HF-110, Soyee Product, Inc., Kangnam-
Ku, Seoul, Gyeonggi, 135-729, Korea, 2.5 mA s, 74
kV)). Radiographs revealed complete anterior luxa-
tion of the humeroradial joint associated with a com-
minuted fracture of the proximal ulna (Figure 2).
These radiographic findings were consistent with a
type I Monteggia fracture.
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Treatment

Surgical correction was recommended and the
available treatment options were described with the
owner. However, the owner declined surgical inter-
vention.

Results and Discussion

The elbow is a hinge (ginglymus) joint. Articu-
lation of the radial head with the semi-lunar notch
of the ulna formed the humeral capitulum. During
extension of the elbow joint, the anconeal process of
the proximal part of the ulna rests into the olecranon
fossa of the humerus. This provides an interlocking
mechanism that stabilizes the elbow joint. The ra-
dius and ulna are closely associated with each other
through four important interosseous ligaments in-
cluding the cranial, caudal, medial and lateral collat-
eral ligament. These ligaments provide broad-based
attachments that distribute the high tensile forces
generated during flexion and extension of the elbow
joint. Because of these anatomical characteristics, the
injuries of the elbow joint are rare, and often involve
external trauma or association with a catastrophic
event [1].

Monteggia fractures are classified into four types
based on the direction of the radial head dislocation
and the associated ulnar fracture pattern. Type I con-
sists of anterior radial head dislocation with an ulnar
fracture. Type II involves posterior or posterolateral
radial head dislocation with an ulnar fracture. Type
II is characterized by lateral or anterolateral radial
head dislocation with an ulnar fracture. Type IV con-
sists of anterior radial head dislocation with a fracture
of both radius and ulna [4, 9].

The pathophysiology of Monteggia fracture in
animals has not yet fully understood. The proposed
mechanism involves the application of force or trau-
ma to the caudal aspect of the antebrachium while the
limb is fully extended and weightbearing [5]. Differ-
ential diagnoses for this condition include fractures of
the humerus, radius or olecranon, as well as brachial
plexus paralysis, all of which can be differentiated ra-
diographically.

Only a limited number of reports describing sur-
gical correction of Monteggia fractures in horses are
available in the veterinary literature [5-8]. Manage-
ment of Monteggia fractures can be challenging in
horses because it needs extensive excision and reduc-
tion of the radius is difficult. Complete reduction of
the radius requires traction supplemented by neuro-
muscular blockade and the use of a mechanical dis-
tractor, followed by the ulnar fracture stabilization us-
ing a caudally positioned dynamic compression plate

Type I Monteggia fracture in a mule



Case Report

(DCP) engaging the radius, with or without addition-
al plate applied to the lateral or craniolateral aspect
of the radius [3, 5-7, 10]. However, in addition to ul-
nar fracture repair, determination of the lateromedial
stability of the elbow joint and interdigitation of the
three bones is necessary to provide sufficient stabili-
ty. Although partial damage to one collateral ligament
may be amenable to repair, complete disruption of
one ligament or disruption of both ligaments substan-
tially worsens the prognosis. In such cases, euthanasia
may be warranted [8].

To the authors' knowledge, only five cases of Mon-
teggia fracture in horses have been reported previous-
ly. Levine et al. described successful surgical treatment
of a Monteggia fracture in a three-year-old Arabian
horse using a dynamic compression plate, and report-
ed that this filly was free of any apparent lameness [7].
Trostle et al. reported successful surgical treatment of
a 27 month-old Rocky Mountain horse using a DCP.
In that case, wound dehiscence and surgical site swell-
ing, lameness and infection developed ten days after
surgery. This horse became sound several months after
management of these complications, although radio-
graphic examination revealed bony proliferation and
dystrophic mineralization along the proximolateral
aspect of the ulna and distolateral aspect of the hu-
merus associated with collateral ligament trauma [5].
Jalim et al. reported surgical treatment of a Monteggia
fracture in a four-month-old, Anglo-Arab filly using
a DCP plate; however, mild flexural deformity and
advanced secondary degenerative joint disease sub-
sequently occurred [6]. Janicek reported a fourteen-
year-old Tennessee Walking gelding horse with Mon-
teggia fracture that was finally euthanized because of
the poor prognosis associated with maintaining elbow
joint congruity and stability [8]. In another case with
Monteggia fracture, the horse euthanized because
of the concurrent radius fracture and the small size
of the proximal radial fragment, which precluded
adequate fixation [10]. In the present case, different
aspects of this condition, including its treatment op-
tions, outcomes, prognosis and animal welfare, were
fully discussed with the owner; however, the surgical
treatment was refused by the owner.

It confirms that one of the possible consequences
of elbow injuries, especially after fractures and soft tis-
sue injuries is osteoarthritis [2]. The evidence of this
condition may be affected by the degree of articular
disruption due to severity of initial trauma [1]. Con-
sequently, degenerative joint disease of elbow joint is
generally associated with a guarded prognosis. These
patients are as pasture-sound animals.

Recovery from anesthesia presents another chal-
lenge; so, it should be assisted for prevention of im-
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plant failure, humeroradial luxation or refracture of
the ulna [8].

Surgical site infection is another complication of
horses undergoing surgical repair of monteggia frac-
tures and prevention of this condition is necessary [5].

A well-recognized complication of olecranon
fracture repair is acquired flexural deformity. There-
fore, timely removal of the initial instigating factor
including orthopedic implants and prevention of per-
manent joint capsule contracture are necessary [1].

Athough the successful reports of repair of Mon-
teggia fracture in horses have been reported, the
prognosis of this condition for athletic performance
remains guarded. The extensive destruction of soft tis-
sue, articular cartilage and joint capsule, types of bone
fracture, osteoarthritis and limb deformity often pre-
clude a successful outcome and surgical management
preserve the horse for pasture or breeding soundness
(5, 6].

Figure 1.
Left forelimb non-weight bearing lameness with severe swell-
ing of elbow region.
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Figure 2.

Radiographic images ob-
tained in mediolateral (A)
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The images demonstrate a
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comminuted fractures of the
proximal wulna associated
with proximal and cranial
luxation of the radial head,
along with caudal displace-
ment of the proximal ulnar
fragment. Luxation of the
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Guide for authors

SCOPE

Iranian journal of Veterinary Science and Technology (IJVST) publishes important research advances in
veterinary medicine and subject areas relevant to veterinary medicine including anatomy, physiology, phar-
macology, bacteriology, biochemistry, biotechnology, food hygiene, public health, immunology, molecular bi-
ology, parasitology, pathology, virology, large and small animal medicine, poultry diseases, diseases of equine
species, and aquaculture. Articles can comprise research findings in basic sciences, as well as applied veterinary
findings and experimental studies and their impact on diagnosis, treatment, and prevention of diseases. IJVST

publishes four kinds of manuscripts: Research Article, Review Article, Short Communication, and Case Report.
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GENERAL GUIDELINES

1. Submitted manuscripts should not be previously published elsewhere and should not be under
consideration by any other journal.

2. The corresponding author should provide all co-authors with information regarding the manu-
script, and obtain their approval before submitting any revisions.

3. The submitted manuscript should be accompanied by a written statement signed by the cor-
responding author on behalf of all the authors that its publication has been approved by all
co-authors, stating that the whole manuscript or a part of it has not been published.

4. Ethics: Authors must state that the protocol for the research project has been approved by the
Ethics Committee of the institution within which the work was undertaken. Authors are respon-
sible for animal welfare and all statements made in their work.

OPEN ACCESS POLICY

Iranian Journal of Veterinary Science and Technology is a fully Open Access journal in which all
the articles are available Open Access. There is no cost to the reader or author. All costs are covered by
the Ferdowsi University of Mashhad Press.

COPYRIGHT

Copyright on any open access article in the Iranian Journal of Veterinary Science and Technology,

published by Ferdowsi University of Mashhad Press is retained by the author(s).

o Authors grant Ferdowsi University of Mashhad Press a license to publish the article and identify
itself as the original publisher.

 Authors also grant any third party the right to use the article freely as long as its integrity is main-
tained and its original authors, citation details, and publisher are identified.

The Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of

publishing articles. The Copyright assignment form can be downloaded from the IJVST website.

SUBMISSION
Copyright on any open access article in the Iranian Journal of Veterinary Science and Technology,
published by Ferdowsi University of Mashhad Press is retained by the author(s).
o Authors grant Ferdowsi University of Mashhad Press a license to publish the article and identify
itself as the original publisher.
 Authors also grant any third party the right to use the article freely as long as its integrity is main-
tained and its original authors, citation details, and publisher are identified.
The Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of
publishing articles. The Copyright assignment form can be downloaded from the IJVST website.
Copyright assignment form (can be downloaded from IJVST website)
Conflict of interest and author agreement form (can be downloaded from the IJVST website)
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For further information, please contact the Editorial Office:
Iranian Journal of Veterinary Science and Technology

Email: ijvst@um.ac.ir;

Tel: +98 51 3880-3742

PREPARATION OF MANUSCRIPT

Manuscripts submitted to IJVST should neither be published previously nor be under consideration
for publication in another journal. The main article types are as follows:

Research Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, Results, Discussion, Materials and methods, References, and Figure legends. Tables and figures
should be appended as individual files.

Review Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduction,
appropriate sections dependeing to the subject, Conclusions and future directions. Tables and figures
should be appended as individual files. The review article should provide an update on recent advanc-
es in a particular field. Authors wishing to submit review articles should contact the Editor with an
outline of the proposed paper prior to submission.

Case Reports should include Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, Case Presentation, Results and Discussion, and References. Case reports should not exceed 2000
words (excluding the references) and should include no more than two tables or figures. Tables and
figures should be appended as individual files.

Short Communications should not exceed 2000 words (excluding the references) and include no
more than two tables or figures. They should include Title page, Abstract, Keywords, List of Abbrevia-
tions, the text summarizing results with no other divisions, and References. Tables and figures should
be appended as individual files.

Submission Process
Manuscripts for IJVST should be submitted online at https://ijvst.um.ac.ir/ .
The submitting author, who is generally the corresponding author, is responsible for the manuscript

during the submission and peer-review process. The submitting author must ensure that all eligible
co-authors have been included in the tittle page and that they have all read and approved the submit-
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ted version of the manuscript.

To submit your manuscript, register and log in (https://ijvst.um.ac.ir/contacts?_action=login-
Form). All co-authors can see the manuscript details in the submission system, if they register and log
in using the e-mail address provided during manuscript submission.

Reviewer Suggestions: During the submission process, please suggest three potential reviewers with
the appropriate expertise to review the manuscript. The editors will not necessarily approach these
referees. Please provide detailed contact information (address, homepage, phone, e-mail address).
The proposed referees should neither be current collaborators of the co-authors nor have published
with any of the co-authors of the manuscript within the last three years. Proposed reviewers should
be from different institutions to the authors. You may identify appropriate Editorial Board members
of the journal as potential reviewers. You may suggest reviewers from among the authors that you fre-
quently cite in your paper. For detailed information regarding the qualifications and responsibilities
of the reviewers, please visit Review Guide.

Ethics: Authors must state that the protocol for the research project has been approved by the Eth-
ics Committee of the institution within which the work was undertaken. Authors are responsible for
animal welfare and all statements made in their work.

Accepted file format

Authors are encouraged to use the Microsoft Word template to prepare their manuscript. Using the
template file will substantially shorten the time to complete copy-editing and publication of accepted
manuscripts. The total amount of data for all files must not exceed 120 MB. If this is a problem, please
contact the Editorial Office ijvst@um.ac.ir. Accepted file formats are:

Microsoft Word: Manuscripts prepared in Microsoft Word must be written in English, with Abstract
in both English and Persian (where applicable), typewritten in MS Word program, double-spaced,
in 12-point “Times New Roman” font on A4 paper size. Authors are requested to reserve margins of
2.5 cm all around the pages. Manuscript should also have line numbers. All pages of the manuscripts
should also be enumerated. Templates can be downloaded from the following links:

Template MS Word file for Title page (https://ijvst.um.ac.ir/page_3.html).

Template MS Word file for Original articles (https://ijvst.um.ac.ir/page_3.html).
Template MS Word file for Short Communication (https://ijvst.um.ac.ir/page_3.html).
Template MS Word file for Case Report (https://ijvst.um.ac.ir/page_3.html).

Template MS Word file for Tables (https://ijvst.um.ac.ir/page_3.html).

Template MS Word file for Persian Abstract (https://ijvst.um.ac.ir/page_3.html).

Tables: Please submit tables as individual files and editable text and not as images. Place all table
notes below the table body. Each table should have a title which is followed by explanation of re-
sults shown in the table. Use of vertical rules must be avoided. Tables should be self-explanatory, and
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clearly arranged. Tables should provide easier understanding and not duplicate information already
included in the text or figures. Each table should be typewritten with double spacing on a separate
file and numbered in order of citation in the text with Arabic numerals. Each table should have a
concise heading that makes it comprehensible without reference to the text of the article. Explain any
non-standard abbreviations in a footnote to the table.

Figures: Figures must be submitted in individual files (format: TIFF, Dimensions: Width: 789 - 2250
pixels at 300 dpi Height maximum: 2625 pixels at 300 dpi, Resolution: 300 - 600 dpi, file size: less than
10 MB, Text within figures: Arial or Symbol font only in 8-12 point). The text and other labels should
be placed in the figure as un-compressed layers. Each figure should have a title which is followed by
explanation of results shown in the figure. Figures should be numbered in order of citation in the text
with Arabic numerals. If a published figure is used, the publisher’s permission needs to be presented
to the office, and the figure should be referenced in its legend.

diagrams : For the use of bar diagrams the following publication should be consulted:

Weissgerber TL, Milic NM, Winham SJ, Garovic VD. Beyond bar and line graphs: time for a new
data presentation paradigm. PLoS Biol. 2015 Apr22;13(4):e1002128. The bar diagrams should be pro-
vided in color and in a well-designed and professional format. Please do not use different shades of
gray. The axes of diagrams should have titles and units. Also, the source file of the image (Excel etc.)
should be provided for typesetting.Illustrations should be numbered as cited in the sequential order
in the text, with a legend at the end of the manuscript. Color photographs are accepted at no extra
charge. The editors and publisher reserve the right to reject illustrations or figures based upon poor
quality of submitted materials.

Title Page information

Full Title Page should include title (concise and informative), author(s) (including the complete name,
department affiliation, and institution), running head (condensed title) (< 50 characters, including
spaces), name and address of the authors to whom correspondence and reprint requests should be
addressed, Acknowledgements, Author contributions, and Conflict of interest.

Acknowledgements: Personal acknowledgement, sources of financial support, contributions and
helps of other researchers and everything that does not justify authorship should be mentioned in this
section, if required.

Author contributions: Authors are required to include a statement to specify the contributions of
each author. The statement describes the tasks of individual authors referred to by their initials. Listed
below is an example of author contributions statement:

“ Conceived and designed the experiments: HD, SS. Performed the experiments: SS. Analyzed
the data: HD, SS, MMM, ARB.

Research space and equipment: HD, MMM, ARB. Contributed reagents/materials/analysis tools:
HD. wrote the paper: SS, HD”

Conflict of interest: All authors must disclose any financial and personal relationships with other
people or organizations that could inappropriately influence (bias) their work. Examples of poten-
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tial conflicts of interest include employment, consultancies, stock ownership, honoraria, paid expert
testimony, patent applications/registrations, and grants or other funding. If there are no conflicts of
interest then please state “The authors declare that there is no conflict of interest. This form can be
downloaded from the IJVST website.

Abstract: Abstract (in English and Persian) no more than 250 words should contain the purpose of
the study, findings and the conclusion made on the basis of the findings. Authors who are not native
Persian speakers may submit their manuscript with an abstract in English only. Abbreviations and
reference citations may not be used in the abstracts.

Keywords: For indexing purposes, each submitted manuscript should include three to seven key-
words, following the abstract and preferably chosen from the Medical Subject Headings (MESH).
Keywords should express the precise content of the manuscript.

Abbreviations: Define abbreviations that are not standard in this field in a list to be placed on the tit-
tle page. Such abbreviations that are unavoidable in the abstract must be defined at their first mention
there, as well as in the tittle page. Ensure consistency of abbreviations throughout the article.

Main Text
Introduction: Introduction should be as concise as possible, and clearly explain the main objective
and hypothesis of the investigation.

Results: Results indicate the results of an original research in a clear and logical sequence. Do not
repeat data that are already covered in tables and illustrations. In manuscripts describing more than
one animal, all animals should be assigned a case number.

Discussion: Discussion should include the answer to the question proposed in the introduction and
emphasize the new and important aspects of the study and the conclusions that follow from them. It
could include the implication, application, or speculation of the findings and their limitations, relate
the observations to other relevant studies, and links the conclusions with the goals of the study. Rec-
ommendations, when appropriate, may be included.

Materials and Methods: Materials and methods should be described in sufficient details to allow
other researchers to reproduce the results. Specify any statistical computer programs used .The meth-
ods of data collection and use of statistical analysis will be checked by the referees and if necessary,
a statistician. Drugs and therapeutic agents, reagents, softwares and equipments should be given in
the format: name (trade name, manufacturer name, city, country), e.g. Statview 5 (SAS Institute, Inc.,
Cary, NC, USA).

Animals: All animal experiments should comply with the ARRIVE guidelines and the authors
should clearly indicate in the manuscript the ethical code of the study.

Gene names: The standard gene names, as provided by HGNC should be used. Gene names must
be italicized. If the case of mammalian species and if gene names refer to rodent species, they must be
upper case; if they refer to non-rodent species they must be written in capitals. If they refer to other
species, they must written lower case. Protein names are written in capitals and are not italicized. As
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an example:
Mouse beta actin gene: Actb
Bovine beta actin gene: ACTB
Chicken beta actin gene: actb
Beta actin protein: ACTB

Quantitative PCR: If the quantitative PCR method has been used, the related section in Materials
and Methods and Results must be written following the reference:

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett ], Kubista M, Mueller R, Nolan T, Pfaffl MW,
Shipley GL, Vandesompele J, Wittwer CT. The MIQE guidelines: minimum information for publica-
tion of quantitative real-time PCR experiments. Clin Chem. 2009 Apr;55(4):611-22.

Protocol for DNA/RNA extraction, including quantification and determination of purity.

Reverse transcription (if used): amount of RNA, concentration of all reagents: primers conce
ntration (either random primers or oligonucleotides), reverse transcriptase and master mix compo-
nents.

qPCR: sequence of forward and reverse primers, probes, amplicon size, accession number of Gen-
ebank;

thermocycler parameters (i.e. denaturation, annealing and extension steps, number of cycles, melt-
ing curves);

validation of PCR products; non-template controls for reverse transcription and qPCR should be
included in all reactions; and

Data analysis: details for the quantitative or relative analysis.

Use of antibodies: Authors must show that the antibodies are validated and their specificity sis con-
firmed.

References: Must be up-to-dated and limited to those that are necessary. Lists of references should be
given in numerical order in the text, and in the reference list. Please use Vancouver style. To download
the Vancouver Style follow the link in the IJVST website which could be used in the Endnote software.

Example piece of text and reference list :

An unhealthy diet, obesity and physical inactivity play a role in the onset of type 2 diabetes, but it has
been shown that increased physical activity substantially reduces the risk [1], and participation in
regular physical activity is one of the major recommendation of the evidence based guidelines for the
primary prevention of diseases [2]. According to the 2004-05 National Health Survey, more than half
a million Australians (3.5% of the population) have diabetes mellitus which had been medically diag-

IJVST 2026; VOLUME 18; NO. 3 GUIDE FOR AUTHORS

84



(GUIDE FOR AUTHORS

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

nosed and most of these people have the Type 2 condition [3]. Gestational diabetes is also on the
increase, rising steadily between 2000-01 and 2005-06 [4]. Approximately two thirds of those
with diabetes have been prescribed medication [3], but it is of concern that a recent review of the
literature found that many people do not take their medication as prescribed [5]. Many patients
also self monitor the disease by measuring their blood glucose levels with a glucose meter but
Song and Lipman [6] have concerns about how well this is managed.

References for the above example:

1. Hull ], Forton ], Thompson A. Paediatric respiratory medicine. Oxford: Oxford University
Press; 2015.

2. Eckerman AK, Dowd T, Chong E, Nixon L, Gray R, Johnson S. Binan goonj: bridging cultures
in Aboriginal health. 3rd ed. Chatswood, NSW: Elsevier Australia; 2010.

3. Johnson C, Anderson SR, Dallimore ], Winser S, Warrell D, Imray C, et al. Oxford handbook
of expedition and wilderness medicine. Oxford: Oxford University Press; 2015.

4. McLatchie GR, Borley NR, Chikwe ], editors. Oxford handbook of clinical surgery. Oxford:
Oxford University Press; 2013.

5. Petitti DB, Crooks VC, Buckwalter JG, Chiu V. Blood pressure levels before dementia. Arch
Neurol. 2005 Jan;62(1):112-6. Doi: 10.1001/archneur.62.1.112 .

6. Liaw S, Hasan I, Wade, V, Canalese R, Kelaher M, Lau P, et al. Improving cultural respect to
improve Aboriginal health in general practice: a multi-perspective pragmatic study. Aust Fam
Physician. 2015;44(6):387-92.Doi: 10.1001/archneur.62.1.112 .

Use of Italics

Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species
scientific names (using the binomial nomenclature), should be typed in italics, while the first
letter of the genus name must be capitalized (i.e. Homo sapiens).

Copyright

Accepted manuscripts in IJVST will be Open-Access articles distributed under the terms and
conditions of the Creative Commons Attribution License (CC BY). The copyright is retained by
the author(s). The publisher will insert the following note at the end of the published text:

©2025 The author(s). This is an open access article distributed under the terms of the Creative
Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, and repro-
duction in any medium, as long as the original authors and source are cited. No permission is
required from the authors or the publishers.
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PUBLICATION ETHICS

Iranian Journal of Veterinary Science and Technology is a member of the Committee on Publica-
tion Ethics (COPE), best practice guidelines for dealing with ethical issues in journal publishing and
adopts the COPE guidelines. The journal members (editor, editorial board and the journal manager)
have agreed to meet the purposes and objectives of the Journal.

Ethical guidelines for authors:

- Manuscripts must be submitted with the understanding that they have not been previously pub-
lished and are not currently under consideration by another journal.

- Authors are expected to submit manuscripts with enough detail and references to enable others to
replicate the work.

-Authors may be requested to provide the original data from their study for editorial review and
should be ready to make the data publicly available if feasible.

-The corresponding author is responsible for ensuring that all co-authors have approved the manu-
script prior to submission.

- Only individuals who meet the authorship criteria should be listed as authors in the manuscript, as
they are expected to take public responsibility for the content. The “Conflict of interest declaration and
author agreement form” must be signed and completed by all authors. This statement and signatures
certifies that all authors have seen and approved the manuscript being submitted. Also, the authors by
signing this form warrant that the article is the Authors’ original work, that the article has not received
prior publication and is not under consideration for publication elsewhere, and that the correspond-
ing author shall bear full responsibility for the submission.

Before submission, all authors are required to review the Article Submission Checklist.

- Authors should disclose any conflicts of interest that might be perceived as influencing the results
or their interpretation in the manuscript at the earliest stage possible. This can be done by uploading
the Conflicts of Interest Form along with the manuscript submission.

-The authors are responsible for ensuring that the submitted manuscript is a complete and original
work, free from any form of plagiarism. All authors are advised to use plagiarism prevention software
to check for similarities.

-Authors are required to identify in their manuscript if their work involves chemicals, procedures,
or equipment that have any inherent unusual hazards.

- All researchers should have a written and signed informed consent form from whom voluntarily
participate in their researches. This signed form shows obviously the consent of the subject to partici-
pate. All steps of the experiment were carried out based on the Guidelines for Animal Care at Ferdowsi
University of Mashhad in Iran that are approved by the Committee of Biological Ethics, Faculty of
Veterinary Medicine, Ferdowsi University of Mashhad, Iran (https://ethics.research.ac.ir/docs/pages/
Guideline-En.pdf). The experiments that are carried outside the university should have a written and
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signed informed consent form related to ethic protocols of university or institute that they are carried.

- If the decision is ‘Needs Revision, authors are expected to respond systematically and promptly to
the reviewers’ comments, addressing point by point, and revising their manuscript accordingly. The
revised manuscript should then be submitted to the journal within the given deadline.

- Authors are requested to clearly identify who financially supported the research and/or prepara-
tion of the manuscript and briefly describe the role of the founder/ sponsor in any part of the work at
the end of their manuscript under “Acknowledgements” section.

-It is a condition for submission of a manuscript that the authors permit editing of the paper for
readability.

- All authors agree to allow the corresponding author to serve as the correspondent with the Journal’s
editorial office, to review the edited manuscript and proof.

-Under open access license, authors retain ownership of the copyright for their content, but allow
anyone to download, reuse, re-print, modify, distribute, and/or copy the content as long as the original
authors and source are cited properly.

- When author(s) discover(s) a significant error or inaccuracy in his/her own published work, it
is the author’s obligation to promptly notify the Journal editor or publisher to retract or correct the
manuscript.

- All authors must know that the submitted manuscripts under review with the IJVST are subject to
screening, using Plagiarism Prevention Software. Plagiarism is a serious violation of publication ethics
and in all its forms constitutes unethical publishing behavior and is unacceptable.

- Editors and members of editorial board as authors should be excluded from publication decisions
when they are authors or have contributed to a manuscript.

-The artificial intelligence (AI) tools such as ChatGPT or Large Language Models cannot meet the
requirements for authorship. Authors who use Al tools in the writing of a manuscript, production of
images or graphical elements of the paper, or in the collection and analysis of data, must be transpar-
ent in disclosing in the Materials and Methods (or similar section) of the paper how the Al tool was
used and which tool was used. Authors are fully responsible for the content of their manuscript, even
those parts produced by an Al tool, and are thus liable for any breach of publication ethics( Author-
ship and Al tools).

Ethical guidelines for Peer reviewers

- Reviewers are expected to provide insightful comments that assist the editors in making a deci-
sion about whether or not to publish the submitted manuscript.

- Reviewers are expected to maintain the confidentiality of the manuscripts they are invited to re-
view.

-Reviewers are expected to disclose any conflicts of interest they have with the authors, companies,
or institutions associated with the manuscripts they are invited to review. If a conflict of interest exists,
reviewers should immediately notify the Editor-in-Chief, decline the invitation to review, and suggest
alternative reviewers.
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- If reviewers feel unqualified to review an assigned manuscript or are unable to provide a timely
review, they should inform the Editor-in-Chief and excuse themselves from the review process. If they
know of any other expert reviewers, they may suggest them to the Editor-in-Chief through the dedi-
cated email/comments section in the Reviewer Dashboard.

- Reviewers are expected to maintain the confidentiality of the manuscripts they review and not
discuss any information from the manuscript with anyone other than the Editor-in-Chief, unless they
have obtained explicit permission to do so. This also applies to invited reviewers who decline the re-
view invitation.

- Reviewers are obligated to treat the manuscripts they receive for peer review as confidential and
must not use any information obtained through this process for personal gain.

-Reviewers are expected to provide technical, professional, and objective comments on the man-
uscripts they are invited to review.

-Reviewers are expected to avoid personal biases in their comments and judgments, and express
their views clearly with supporting arguments that assist the author in improving the manuscript.

-Reviewers are expected to identify any relevant published work that has not been cited by the
authors. If a statement has been previously reported elsewhere, it should be accompanied by the ap-
propriate citation.

-Reviewers should also bring to the attention of the Editor-in-Chief any significant similarity
or overlap between the manuscript under consideration and any other publications of which they are
personally aware.

The process has been explained in the section “Peer Review Process”.

Ethical guidelines for Editor

-The editors should evaluate submitted manuscripts to determine if they fall within the scope of
the journal. Additionally, the editors should recommend expert reviewers based on their integrated
recognition of specialized reviewers.

-The Editor-in-Chief is responsible for deciding whether to accept or reject submitted manuscripts
for the journal. This decision takes into consideration several factors, such as the judgment of the
editorial board members, the validation of the work in question, its significance to researchers and
readers, as well as any feedback from reviewers. Furthermore, the decision must also comply with legal
requirements regarding libel, copyright infringement, and plagiarism, which are currently in force.
The Editor-in-Chief works closely with other editors and reviewers to ensure that all submissions are
fairly evaluated.

-The editors ought to uphold the anonymity of both reviewers and authors.

-The editors should disclose any potential conflicts of interest and make efforts to avoid them. If
such circumstances arise, they are expected to delegate the handling of the manuscript to another
member of the editorial board.

-The editors, particularly the Editor-in-Chief, should demonstrate a willingness to investigate cases
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of plagiarism and fraudulent data. When ethical concerns are raised about a submitted manuscript
or published paper, the editors will take appropriate measures in response. Any reported incidents
of unethical publishing behavior will be thoroughly examined, even if they come to light years after
publication.

-When dealing with cases of suspected misconduct, the Editor-in-Chief follows the COPE Flow-
charts. If an investigation supports the ethical concern, the journal will publish a correction, retrac-
tion, expression of concern, or any other relevant note.

-The editors must not share any information about submitted manuscripts with anyone until they
are published, as appropriate.

-The Editor-in-Chief and members of the editorial board will not use unpublished materials dis-
closed in a submitted paper for their own research purposes without obtaining explicit written con-
sent from the author.

-Editors are expected to give fair consideration to all manuscripts submitted for publication, eval-
uating each on its own merits and without prejudice based on the author(s)’ country, race, religion,
nationality, sex, seniority or institutional affiliation. Decisions about editing and publishing are made
solely based on the quality and relevance of the manuscript and are not influenced by external policies
of governments or other agencies beyond the scope of this journal.

-The Editor-in-Chief has complete authority over the editorial content of the journal as well as the
timing of its publication.

Ethical guidelines for Publisher

“Ferdowsi University of Mashhad press (FUM)” is promising to ensure that the decision on man-
uscript submissions is only made based on professional judgment and will not be affected by any
commercial interests.

- FUM is committed to maintain the integrity of academic and research records.

- FUM is monitoring the ethics by Editor-in-Chief, Associate Editors, Editorial Board Members,
Reviewers, Authors, and Readers.

- FUM, together with the Journal’s editors, shall take reasonable steps to identify and prevent the
publication of manuscripts where research misconduct has occurred, and under no circumstances
encourage such misconduct or knowingly allow taking place.

- FUM is always checking the plagiarism and fraudulent data issues involving in the submitted
manuscripts and willing to publish corrections, clarifications and retractions involving its publications
as and when needed.

-FUM as the publisher supports the Journal for each published issue by paying a defined budget ac-
cording to its published annual rank in the Portal of Scientific Journals of Iranian Ministry of Science,
Research and Technology for costs including those pertaining to setup and maintenance of the pub-
lication infrastructure, routine operation of the Journal, processing of manuscripts through peer-re-
views, editing, publishing, maintaining the scholarly record, and archiving.
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Violation of Publication Ethics

The Editorial board of IJVST acknowledges that plagiarism is unacceptable in any of its forms:

Plagiarism:

Plagiarism is intentionally using someone else’s ideas or other original material as if they are one’s
own. Copying even one sentence from someone else’s manuscript, or even one of your own that has
previously been published, without proper citation is considered by the JAM as plagiarism. All man-
uscripts under review or published with JAM are subject to screening using plagiarism prevention
software (e.g. iThenticate). Thus, plagiarism is a serious violation of publication ethics.

Simultaneous Submission:

Care should be taken to ensure that the work has not been published elsewhere, in any language
and is not simultaneously submitted to other journals.

Duplicate Publication:

Duplicate publication occurs when two or more articles, without full cross referencing, share essen-
tially the same hypotheses, data, discussion points, and conclusions.

Redundant Publications:

Redundant publications involve the inappropriate division of study outcomes into several articles,
most often consequent to the desire to plump academic vitae.

Data Fabrication:

Data fabrication means the researcher did not really carry out the study, but made up data or results
and had recorded or reported the fabricated information. Data falsification means the researcher did
the experiment, but manipulated, changed, or omitted data or results from the research findings.

Citation Manipulation:

Citation Manipulation implies excessive citations in the submitted manuscript that do not contrib-
ute to the scholarly content of the article and have been included solely for the purpose of increasing
citations to a given author’s work, or to articles published in a particular journal. This leads to mis-
representing the importance of the specific work and journal in which it appears and is thus a form of
scientific misconduct.

Improper Author Contribution or Attribution:

All listed authors must have made a significant scientific contribution to the research in the man-
uscript and approved all its claims. Do not forget to list everyone who made a significant scientific
contribution, including students and laboratory technicians.

Handling Misconduct Cases

The Editorial board of IJVST takes the necessary measures to examine the incoming papers on their
originality, reliability of contained information and correct use of citations.

-If any of the unethical publishing behavior is detected by the Journal Editorial board or by one
of the reviewers, the first action is to inform the Editor-in-chief by supplying copies of the relevant
material and a draft letter to the corresponding author asking for an explanation in a nonjudgmental
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manner.

- If the infraction is less severe, the Editor, upon the advice of the Committee on Publication Ethics,
sends the author a letter of reprimand and reminds the JAM publication policies; if the manuscript
has been published, the Editor may request the author to publish an apology in the journal to correct
the record.

- If the author’s explanation is unacceptable and it seems that serious unethical conduct has taken
place, the matter is referred to the Publication Committee via Editorial board. After deliberation, the
Committee will decide whether the case is sufficiently serious to warrant a ban on future submissions.

Post-Publication Discussions and Corrections

This journal allows debate post publication on journal’s site, through “Send comment about this
article” section to the editor up to one month before final publication. Our mechanisms for correcting,
revising or retracting articles after publication depends on the content of the received comment and if
the sent comments are useful and applicable for readers/authors, they will be showed under reference
section of the articles pages.

Complaint Policy

If the authors disagree with the editorial decision on their manuscripts, they have a right to appeal.
Authors who wish to appeal an editorial decision should contact the Editor-in-Chief of the Iranian
Journal of Veterinary Science and Technology. In such cases the Editor-in-Chief will review the manu-
script, the editorial and peer reviewers’ comments and gives his/her decision for accepting or rejecting
a manuscript. Editor-in-Chief may; if so required, send the manuscript to a new handling editor for a
fresh editorial review and to new reviewer for further peer reviewing. In such case, the final decision
maker will be the Editorial board of the journal.

How to Make a Complaint
The procedure to make a complaint is quite simple. The complaint can be made by writing an e-mail
to: ijvst@um.ac.ir. All complaints will be acknowledged within a week.
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PEER REVIEW PROCESS

Iranian Journal of Veterinary Science and Technology peer reviews all submitted manuscripts with
contents within the scope of the journal.

Initial assessment

The submitted manuscript will be subjected to a primary review by the editor or a member of the
editorial board for suitability and relevance of the findings to the scope of the journal and quality of
the science presented in the paper (sufficient originality, having a message that is important to the
general field of Veterinary Medicine, quality of data, novelty, English language, and overall manuscript
quality) within two weeks. If the paper is evaluated to be relevant to the scope of the journal and hav-
ing enough scientific rigor and novelty, it will be sent for the next stage. Otherwise, those manuscripts
which are evaluated as not-appropriate in the initial review will be rejected at this stage.

Initial screen
The initial screen will be performed by the editorial office for the structure and format of the manu-
script.

Peer review (double-blind)

The manuscripts which are found to be appropriate after the initial screen will be sent for external
review by experts in the related field. We have prepared a checklist for reviewers that summarizes
their evaluation of the manuscript. The items in this checklist are:

1. TITLE is clear and adequate

2. ABSTRACT clearly presents objects, methods, and results.

3. INTRODUCTION well-structured and provides a rationale for the experiments described.

4. MATERIALS AND METHODS are sufliciently explained and is detailed enough to be reproduced.

5. RESULTS are clearly presented and supported by figures and tables.

6. DISCUSSION properly interprets the results and places the results into a larger research context, and contains all
important references.

7. Conclusions are logically derived from the data presented.

8. English Language/style/grammar is clear, correct, and unambiguous.

9. Figures and tables are of good quality and well-designed and clearly illustrate the results of the study.

10. References are appropriate.

11. Regarding this article are you concerned about any issues relating to author misconduct such as plagiarism and un-
ethical behavior.

12. Comments on the importance of the article.

Final Decision

Based on the reviewers’ recommendations a final decision is made by the editor and if needed the help
of a member of the editorial board (depending on the field of study). Decisions will include accept,
minor revision, major revision with and without re-review, and reject. We aim to reach a final decision
on each manuscript as soon as their review results are available.
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