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A survey on the gastrointestinal parasites of exotic 

companion species in Tehran, Iran

 Mahya Noormonavvar, Fatemeh Arabkhazaeli, Amir Rostami, Sedighe Nabian, 

Fatemeh Sayyareh

Faculty of Veterinary Medicine University of Tehran, Tehran, Iran.
Department of Parasitology, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran.
Department of Internal Medicine, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran. 

Exotic pet owners, ranging from small mammals to reptiles, comprise a considerable portion of veterinary 

clients. Parasitic infections are a threat both for the animal health and the health of the owner. ! is study 

aimed to investigate the gastrointestinal parasite species commonly encountered in exotic animal veterinary 

practice. Exotic pets’ fecal samples were examined for fecal parasites macroscopically and microscopically 

by saline fecal smears, fecal fl oatation and specifi c staining. Chi-squared test to investigate the associa-

tion between the presence and type of the parasites with host species and clinical symptoms (p < 0.05). 

! ree hundred fecal samples, including 262 from small mammals, 37 from reptiles and 1 from primate were 

investigated for gastrointestinal endoparasites. ! e exotic pet species consisted of Lagomorpha (189/300; 

63%), Rodentia (68/300; 22.66%), Reptilia (37/189; 12.33%), Eulipotyphla (4/300; 1.3%), a sugar glider and 

a marmoset. ! irty-nine samples were found to be infected with at least one gastrointestinal parasite (13%). 

Parasites observed in the feces of exotic pets included oocysts, strongyle-shaped eggs, oxyurid eggs (Pas-

salurus ambiguous) and cestode eggs. A sample from a guinea pig was diagnosed to be infected with Crypto-

sporidium sp. ! ere was no signifi cant association between clinical symptoms and host species with parasite 

infection (p > 0.05). Considering the continuous species alteration, the unidentifi ed sources of the pets in 

the market, and the potential of zoonotic infections periodical surveys on the common pet species and their 

parasitic infection are inevitable. Subclinical intestinal parasites in pet animals may alter the well-being of 

the companion animal if adjoined with poor management. Usually there is no need for anti-parasitic ther-

apy in an animal without clinical signs, but regular diagnostic tests for parasites are advisable for eff ective 

veterinary practice. 
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Introduction  

Despite the slight diff erences in the com-
prehending exotic pet species worldwide, 

non-domestic species other than dogs and cats can 
generally be called exotic species [1]. Despite the 
proven benefi ts of pets for human well-being, it is 
impossible to ignore potential complications such 
as bites, allergies, and zoonotic diseases.  [2]. In ad-
dition to the reported viruses, bacteria, and fungi of 
exotic animals, ectoparasites, and endoparasites, such 
as helminths and protozoa, can be hazardous to the 
animal's and the owner's health.  [3, 4]. Parasites can 
be pathogenic, though some may be present without 
clinical sings. # e close contact of companion ani-
mals with the owners, besides the inadequate health 
awareness and the health status of the owners, will 
alter the companion to the foe [5, 6]. A considerable 
percentage of referrals to veterinarians are owners of 
exotic species, which highlights the necessity of con-
tinuous education and surveys on the disorders and 
pathogens of these species.  In addition, the diversity 
and ratio of common pet species and their pathogens 
vary with time. Exotic pet parasitic surveys revealed 
the presence of diverse helminth and protozoan par-
asites, though the results diff er with the studied hosts 
and diagnostic methods. # e present study attempts 
to identify the diversity and frequency of exotic pet 
intestinal parasites in Tehran.  

Result
In the current study, 300 samples derived from 

two classes (Mammalia and Reptilia) and seven or-
ders were studied for the presence of gastrointestinal 
parasites. # e most abundant exotic pets belonged 
to mammalians (263/300: 87.7%), in which rabbits 
(Oryctolagus) (189/300; 63%), guinea pigs (Cavia) 
(33/300: 11%) and hamsters (Mesocricetus) (19/300: 
6.3%) were the most abundant species, respectively. 
# e investigated host species are summarized in Table 
1.

In the current study, 13% (39/300) of the exam-
ined samples harbored parasites. Except for the 2 tor-
toise samples, the remaining infested samples were 
from mammalian species. Rabbits (27/189: 14.3%) 
were infected with oxyurid eggs (Passalurus ambigu-
us), eimerian oocysts, and strongylid nematode eggs. 
One of the rabbits was concurrently infected with 
oocyst and strongylid eggs. Hamsters (6/19: 31.6%) 
were found to be infected with nematode, cestode 
eggs, and eimerian oocysts. One of them was simul-
taneously infected with cestode and nematode eggs. 
In the samples from the guinea pigs, apicomplexan 
protozoa, including Eimerian oocysts and oocysts of 
Cryptosporidium sp., were detected (3/33: 9%). One 

Discussion

# e present study included an investigation of 
gastrointestinal parasites in 300 exotic pets. # e in-
vestigated hosts included 262 small mammals, 37 rep-
tiles, and one primate. # irteen percent (39/300) of 
the examined samples harbored parasites. Nematode 
eggs including oxyurids and strongylids, cestode eggs, 
Eimeria sp., and Cryptosporidium sp., were the detect-
ed parasites. Parasitologists worldwide have reported 
comparable parasitic species in their studies., though 
variations in the frequencies are evident due to diff er-
ent host species and diagnostic methodologies.

In the current study rabbits harbored oxyurid 
(Passalurus ambiguus), strongyle nematode eggs, 
and Eimerian oocysts. Eimeria oocysts, cestode egg, 
Trichusis sp., Trichostrongylus, and P. ambiguous had 
been reported in pet rabbits. A retrospective study on 
pet rabbits in Nigeria reported mange as the most fre-
quent parasitosis. Helminthic infections and coccidio-
sis were in the next rows, respectively. # e retrospec-
tive type of study in which the hospital database was 
used for data extraction and analysis may literally de-
fi ne the diff erence. In most studies on rabbits, oocyst 
infection has been the most commontype of gastroin-
testinal parasitic infection [8-12], however, the infec-
tion is mostly subclinical, causing little to no health 

of the samples from the investigated squirrels (1/16: 
6.2%) contained Eimeria sp. oocysts. Other mam-
malian species, including a sugar glider, a marmoset, 
and four hedgehogs were not infected. # e investigat-
ed Squamata were free of fecal parasites, though two 
of the 16 investigated Testudines (12.5%) harbored 
Eimerian oocysts. # e most frequent parasite was 
Eimerian oocysts (70%), followed by strongylid eggs 
(17%), oxyurid eggs (7.3%) and rarely cestodes and 
Cryptoporidium sp. (2.4%) (Figure 1). # e results are 
summarized in Table 1.

A hamster with simultaneous nematode and ces-
tode infection and a rabbit with oocysts and nema-
todes were the hosts with multiparasitism. 

It should be noted that most of the referral ani-
mals had routine checkups and/or veterinary health 
care and wellness information. 73% of the rabbits, 
89% of the hamsters, 76% of the guinea pigs, 69% of 
the squirrels, 75% of the testudines, 71% of the liz-
ards, and all of the investigated snakes, hedgehogs, 
the marmoset, and the sugar glider did not have any 
clinical symptoms and souk veterinary advice for 
routine and responsible pet care. Clinical symptoms 
such as anorexia and lethargy were observed in four 
cases of rabbits infected with oocysts. # ere was no 
signifi cant association between clinical symptoms 
and parasite infection (p > 0.05).
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Table 1.

Frequency of host species and identifi ed parasites in the fecal samples of pet exotic species. 

Detected parasites

No. 

Infected 
(%)

Number (%)HostOrderClass

Oocysts, Strongylid eggs27 (14.3)189 (63.0)Rabbit (Oryctolagus cuniculus)LagomorphaMammalia

Oocysts, Cryptosporidium 

sp.
3 (9)33 (11.0)Guinea pig (Cavia sp.)Rodentia

Oocysts, Strongylid eggs, 

Cestode eggs
6 (31.6)19 (6.3)Hamster (Mesocricetus auratus)

Oocysts1 (6.2)16 (5.3)Squirrel (Sciurus sp.)

-04 (1.3)Hedgehog (Erinaceus concolor)Eulipotyphla

-01 (0.3)Marmoset (Callithrix sp.)Primates

-01 (0.3)Sugar glider (Petaurus breviceps)Diprotodontia

-37 (14.1)263 (87.7)Total

-013 (4.3)SnakesSquamataReptilia

-07 (2.3)Iguana (Iguana iguana)

-01 (0/3)Monitor lizard (Varanus griseus)

Oocysts2 (12.5)16 (5.3)Tortoises (Testudo sp.)Testudines

-2 (5.4)37 (12.3)Total

300 (100)Total

complications. Hamsters are reported to be infected 
with nematode, cestode eggs, and Eimerian oocysts. 
In several studies, infection with the zoonotic cestode 
Hymenolepis nana, has been reported in pet rodents, 
and hamsters were infected more heavily than other 
pet rodent species [13-16]. In the present study guinea 
pigs were infected with oocysts and Cryptosporidium 
sp. In studies conducted on pet and household guinea 
pigs, protozoa, including oocysts, Trichomonas, and 
Giardia, helminthic infections, including Paraspidod-
era uncinate, and Nippostrongylus-like eggs have been 
reported [2, 17]. Guinea pig-adapted Cryptosporidium 
species have been assumed as a potential zoonotic 
agent [18, 19]. Investigated squirrels in the present 
study were mostly uninfected, and only an oocyst 
infection was identifi ed. Various parasites, including 
Dicrocoelium dendriticum, Syphacia spp., Nippostron-
gylus, the zoonotic Capillaria sp., and diff erent species 
of Eimeia have been reported from pet squirrels [20, 
21]. Other exotic mammals investigated in the cur-
rent study, such as sugar glider and hedgehog, were 
not infected (Table 1). However, there are reports of 
parasitosis in accidentally-killed hedgehogs harboring 
various species of parasites, including Physaloptera as 
a vector of the zoonotic Leptospira spp. and Crypto-
sporidium sp. [22-24]. Sugar gliders were reported to 

harbor parasites acquired from the wild or transmit-
ted in captivity from various sources, including food 
or the immediate environment [25, 26]. Among all the 
examined reptile feces, only two turtles were found 
infected with nematodes, and no protozoan infection 
was observed (Table 1). Entamoeba sp., Cryptosporid-
ium sp., Isospora sp., and Eimeria sp. and various hel-
minths have been reported in reptiles [27, 28]. 

Current knowledge of exotic animal parasites is 
mostly based on cross-sectional surveys. Considering 
the continuous species alteration and the unidentifi ed 
sources of the pets in the market, periodical surveys 
on the common pet species and their parasitic infec-
tion are inevitable. # e wild-captured exotic animals 
may harbor various infectious organisms or they may 
have acquired the infection during translocation or 
in captivity in unsupervised conditions. It should be 
pointed out that inappropriate husbandry, misman-
agement, and poor nutrition can suppress the immune 
system and lead to clinical symptoms [29]. # e infect-
ed hosts in the present study and many similar studies 
worldwide were clinically asymptomatic [16, 20, 30]. 
# e presence of prohibited species during the study 
signifi es the boundless lucrative business of exotic an-
imals and challenges the veterinarians for providing 
accurate husbandry and management advices [31-32]. 
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From July 2018 to March 2019, the fecal and dropping samples 
from referred exotic pets to the small animal Hospital of the Fac-
ulty of Veterinary Medicine, University of Tehran were collected. 
! e samples were collected fresh in a single visit. For rodents, lag-
omorphs, and some reptiles, the process included pressing the rec-
tal area or rubbing the cloacal area, for defecation stimulation. Oc-
casionally, the samples were collected from the litter or the owners 
were provided with a container containing potassium dichromate 
2.5% solution for sample collection.

Initially, the samples were investigated macroscopically with a 
stereomicroscope. A combination of direct wet smears, and smears 
a" er fecal fl otation with saturated salt solution was performed on 
each sample [7]. Besides, modifi ed Ziehl-Neelsen (MZN) staining 
was used for the detection of Cryptosporidium sp.

Statistical analysis using SPSS 16.0 (SPSS Inc., Chicago, Il-
linois, USA) for computation of descriptive statistics and Chi-
squared test to investigate the association between the presence 
and type of the parasites with host species and clinical symptoms 
(p < 0.05) was used. 

Materials and Methods
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! e well-being of the companion animal, in addition 
to the health of the client due to potential zoonot-
ic pathogens should be considered [33-36]. Usually, 
there is no need for anti-parasitic therapy in an animal 
without clinical signs and infection. However, due to 
the close relationship of these animals with humans, 
especially with children and elderly owners, periodic 
parasitic monitoring tests are recommended. 

Usually, exotic pet owners and breeders have in-
suffi  cient information about the natural husbandry 
conditions. In sampling, it is essential to consider the 
intermittent excretion of parasites through defecation. 
In fact, with a single test, we may have false negative 
results. We recommend periodic sampling (three 
times at diff erent intervals, depending on the type of 
parasite) to ensure the absence of Infections caused by 
parasitic diseases.. In this study, samples were collect-
ed and evaluated only once from each animal at the 
time of the hospital visit. Some studies using other di-
agnostic methods, such as post-mortem investigations 
(necropsy) or preparing slides directly from digestive 
tract cells, show diff erent results. In the method ap-
plied in this study (fl otation), saturated sodium chlo-
ride was used. One of the drawbacks of this solution is 
that it does not fl oat heavy eggs such as Trichuris eggs. 
Also, to check the presence of amoeba and Giardia, it 
is adequate to mix the sediment sample with an iodine 
solution.

Figure 1. 

a: Oxyurid eggs (Passalurus ambigu-
us) in rabbit feces. b: Cestode egg 
(note the 6-hooked oncosphere). c: 
Strongylid egg in rabbit feces (note 
the thin-shelled wall and the pres-
ence of the blastomeres. d: Eimeria 
sp. oocysts in rabbit feces. e: Cryp-
tosporidium spp. oocysts in hamster 
feces (modifi ed Ziehl-Neelsen stain, 
pink spherical organisms against the 
green background stain). 
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In this study, the eff ects of monosaccharides, including glucose and fructose, and disaccharides, namely sucrose and 

trehalose, in eight Tris media on the motility patterns of small ruminants spermatozoa were investigated. Fresh and 

chilled semen samples from fi ve Awassi rams and fi ve Shami bucks were diluted in TBM and TEY containing 50 mM 

of the four diff erent sugar types. # e characteristics of spermatozoa motility were analyzed using a computer-assisted 

sperm analyzer (CASA). Fresh ram spermatozoa incubated in a TBM-fructose medium had the highest CASA val-

ues with no diff erences between the motility values generated from the fructose- and glucose-supplemented media. 

Trehalose reduced the values of velocity parameters, including VAP, VCL, and VSL for fresh ram sperm. Sucrose was 

the most infl uential sugar in raising the values of motility parameters MOT%, PMOT%, VAP, VCL, and VSL for fresh 
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Introduction  

It is well known that semen preservation me-
dia are needed to maintain spermatozoa via-

bility and motility of the diff erent animal species [1]. 
However, to sustain the motility status, spermatozoa 
require proper nutritional agents in the media. In this 
regard, sugar is one of the main constituents in semen 
media which can be easily metabolized into energy 
[2, 3]. Motility has been considered one of the most 
important indicators of sugar utilization by sperm 
because sugars provide the external energy source 
necessary for maintaining the motility status [2, 4]. It 
must be noted that when the environment does not 
provide any external energy source for the semen, the 
spermatozoa could use sugars in two ways: 1) obtain-
ing energy by the Krebs cycle [5] and 2) storing sugars 
in the form of glycogen which presents a middle- to 
long-term energy reserve that could maintain motility 
[4].

Generally, sugars are divided into three major 
groups: monosaccharide, disaccharide, and trisaccha-
ride. Monosaccharides are the main energy source 
for mammalian sperm [3], and fructose and glucose 
are the most important members of this sugar group. 
Fructose is an essential source of spermatozoa energy 
as it is metabolized and converted to pyruvate and lac-
tate to support both sperm motility and viability [6]. 
In certain conditions, fructose acts as an extracellular 
cryoprotectant agent to protect the sperm membrane 
from toxicity during storage [7]. Glucose is also es-
sential for energy utilization by spermatozoa [8]. In 
humans, glucose is required to sustain an optimal 
ATP concentration and to support optimum sperm 
motility [9]. Moreover, according to previous studies, 
glucose can support signifi cant levels of hyperactivat-
ed motility and at the same time can be substituted by 
fructose.

Sucrose and trehalose are two disaccharides with 
the same molecular formula (C

12
H

22
O

11
) but with dif-

ferent geometrical structures. Sucrose is composed of 
two monosaccharides, including glucose and fructose, 
while trehalose consists of two molecules of glucose. 
Sucrose is produced naturally in plants, from which 
table sugar is refi ned, while some bacteria, fungi, 
plants, and invertebrate animals synthesize trehalose 
as a source of energy. Sperm quality parameters of 
chilled and cryopreserved semen were shown to im-
prove by using trehalose. # e protective eff ects of this 
sugar signifi cantly enhanced the freezability of buck 

and ram spermatozoa [10, 11, 12]. However, when 
trehalose was added in high concentration in a cul-
ture medium, sperm movement was hampered [13].

Sugar consumption by spermatozoa depends on 
both sugar type and sugar concentration. Matos-Brito 
et al. [14] showed that when extenders were used 
with appropriate concentrations of carbohydrates, 
goat sperm remained viable regardless of the initial 
concentration of fructose in goat seminal plasma. 
Moreover, Salamon and Ritar [15] noted that glu-
cose and fructose addition to Tris buff er extenders 
resulted in higher post-thaw motility. Despite the im-
portance of all the previously mentioned studies, the 
direct actions of sugars on spermatozoa are still little 
understood. In addition, to achieve the most effi  ca-
cious use of fresh and chilled small ruminant semen, 
it is important to study the infl uence of diverse sugars 
on the motility status of these two spermatozoa types 
preserved in diff erent semen media. # us, the main 
objective of the present study was to assess the eff ects 
of using monosaccharides and disaccharides in Tris 
semen preservation media on the motility patterns 
of small ruminants spermatozoa, including fresh and 
chilled rams and bucks spermatozoa, during the fi rst 
hours of in vitro incubation.

Result

Table 1 shows CASA motility values of fresh 
spermatozoa from rams incubated in TBM media 
supplemented with 50 mM of glucose, fructose, su-
crose, and trehalose at 37°C for 60 min. # e highest 
values of MOT% and PMOT%, as well as the velocity 
parameters VAP, VSL, and VCL were recorded when 
spermatozoa were incubated in the TBM solution 
containing fructose without recording any signifi cant 
diff erences for MOT% and PMOT% between the four 
media. # e addition of trehalose to the TBM solution 
led to a signifi cant (p < 0.05) decrease in the values of 
VAP, VSL, and VCL in comparison with the sperma-
tozoa incubated in TBM-sucrose, TBM-glucose, and 
TBM-fructose media. No signifi cant diff erences (p > 
0.05) were recorded between the four media contain-
ing monosaccharides and disaccharides for the trajec-
tory parameters STR% and LIN%.

Table 2 shows CASA motility values of fresh sper-
matozoa from bucks incubated in TBM media supple-
mented with 50 mM of glucose, fructose, sucrose, and 
trehalose at 37°C for 60 min. # e eff ect of sucrose was 
evident by increasing the values of MOT%, PMOT%, 
VAP, VSL, and VCL parameters in comparison with 
the other three sugar types. # e clearest diff erence in 
motility values was between the medium containing 
sucrose and the base solution containing trehalose 

Abbreviations-Cont'd

TEY: Tris-egg yolk
VAP: average path velocity VCL:curvilinear velocity
VSL: straight line velocity.
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Table 1.

CASA sperm motion characteristics of fresh spermatozoa from rams incubated in Tris based medium (TBM) 
supplemented with 50 mM of glucose, fructose, sucrose and trehalose at 37°C  for 60 minutes.  Mean (± Sd) of 
CASA parameters: average path velocity (VAP), straight line velocity (VCL), curvilinear velocity (VCL), per-
cent straightness (STR %), Percent linearity (LIN %) and the distribution percentage of motility subpopulation.

TrehaloseSucroseFructoseGlucoseCASA Parameters

89.55 ± 0.73a91.89 ± 2.26a93.5 ± 1.88a89.44 ± 2.92aMotlity %

18.66 ± 7.3a19.44 ± 1.42a22.56 ± 2.88a20.44 ± 1.33aProgressive motility %

109.33 ± 8.26b114.89 ± 5.98ab120.6 ± 11.9 a115.11 ± 4.01abVAP (µm/s)

67.89 ± 4.26b69.67 ± 3.73ab78.44 ± 9.25a74.89 ± 4.04abVSL (µm/s)

210 ± 5.35b221.44 ± 7.52ab234.6 ± 11.4 a226.44 ± 7.32abVCL (µm/s)

60.44 ± 1.51a58.22 ± 1.79a59.88 ± 3.01a61.33 ± 2.65aSTR %

33 ± 1a30.33 ± 1.80a32.56 ± 2.3a33.22 ± 2.04aLIN %

                    Motility subpopulations

11.31 ± 1.73a8.89 ± 1.85a7.89 ± 3.05a11.22 ± 2.89aStatic %

10.48 ± 3.28b5.33 ± 1.69a4.55 ± 1.51a5.44 ± 2.89aSlow %

24.64 ± 1.92a26.22 ± 2.92a22.44 ± 2.52a23.77 ± 3.53aMedium %

53.55 ± 1.37b59.56 ± 1.37ab65.11 ± 3.05a59.55 ± 1.36abRapid %

& e means (± Sd) with diff erent letters (a-b) within columns signifi cantly diff er at p < 0.05.

Table 2.

CASA sperm motion characteristics of fresh spermatozoa from bucks incubated in Tris based medium (TBM) 
supplemented with 50 mM of glucose, fructose, sucrose and trehalose at 37 °C for 60 minutes.  Mean (± Sd) of 
CASA parameters: average path velocity (VAP), straight line velocity (VCL), curvilinear velocity (VCL), per-
cent straightness (STR %), Percent linearity (LIN %) and the distribution percentage of motility subpopulation.

TrehaloseSucroseFructoseGlucoseCASA Parameters

85.11± 3.98b92.77 ± 2.58 a89.6 ± 2.1ab87.67 ± 4.24 abMotlity %

21.11 ± 2.89b29.11 ± 1.61a25 ± 1.73ab20.77 ± 1.86bProgressive motility %

107.66 ± 7.26b130.11± 8.79 c114.4 ± 4.21a102.33 ± 5.34 bVAP (µm/s)

71.33 ± 6.32 a92.33 ± 7.78 c75 ± 4.39a65.89 ± 2.26 bVSL (µm/s)

211.22 ± 8.3ab228.11± 12.25a215.6 ± 8.59a209 ± 5.12 bVCL (µm/s)

60.77 ± 2. 6 a63.33 ± 1.23a60.00 ±1.53a58.66 ± 2.45aSTR %

34.77 ± 1.92 a36.55 ± 2.06 a34.11± 0.93 a31.66 ± 1aLIN %

                    Motility subpopulations

14.77 ±3.11 a7.44 ± 2.13 b11.66 ± 3.84 a12.01 ± 3.46aStatic %

3.11 ± 0.86 a3.88 ± 0.38a4.33 ± 0.77 a5.66 ± 1.72aSlow %

12.88 ± 3.57a9 ± 1.61b11.11 ± 0.96 a14.01 ± 2.11aMedium %

69.33 ± 4.35a79.77 ± 2.94b73.11 ± 3.07 a68.33 ± 2.31aRapid %

& e means (± Sd) with diff erent letters (a-b) within columns signifi cantly diff er at p < 0.05.
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Discussion

Our present study is the fi rst investigation that 
simultaneously shows the direct eff ects of monosac-
charides and disaccharides on the spermatozoa mo-
tility pattern of two small ruminant species, including 
sheep and goat, and two spermatozoa types, includ-
ing fresh and chilled samples. It must be stressed that 
motility is the main function of sperm cells and the 
main aim of energy obtainment. In this respect, sug-
ar can be easily changed into energy, and the use of 
sugars, such as fructose, glucose, sucrose, and treha-
lose in semen media could increase sperm motility. It 
is well known that spermatozoa is a strict, glycolytic 
cell. Furthermore, the predominant metabolic path-
ways through which spermatozoa produce ATP, nec-
essary for sperm motility, are mitochondrial oxidative 
phosphorylation and glycolysis [9]. In sperm cells, 
sugar, and especially glucose, is the main substrate for 
glycolysis, where it is metabolized to pyruvate and/or 
lactate to obtain cellular energy in the form of ATP. 
Generally, the eff ects of sugars may largely vary be-
tween species due to the diff erences in the chemical 
and physical composition of the sperm [16, 8]. More-
over, the diff erences in spermatozoa motility status 
may be due to several factors, including individual 

(29.11 vs. 21.11 for PMOT%, and 130.11 vs. 107.66 
for VAP, respectively), while no signifi cant diff erences 
were recorded between the four TBM media for STR% 
and LIN%. Moreover, sucrose was also able to signifi -
cantly raise (p < 0.05) the percentage of rapid sperm 
subpopulation compared to the other three media. 

  Table 3 shows CASA motility values of chilled 
spermatozoa from rams incubated in TEY media sup-
plemented with 50 mM of glucose, fructose, sucrose, 
and trehalose at 5°C for 180 min. No diff erences were 
noted for none of the CASA motility characteristics 
between the chilled ram spermatozoa samples treat-
ed with diff erent sugar types. Table 4 shows CASA 
motility values of chilled spermatozoa from bucks 
incubated in TEY media supplemented with 50 mM 
of glucose, fructose, sucrose, and trehalose at 5°C for 
180 min. No signifi cant diff erences (p > 0.05) were re-
corded for sperm incubated within TEY media con-
taining the four types of supplemented sugars for both 
MOT% and PMOT% parameters. An increase in VAP, 
VCL, and VSL values was observed for the spermato-
zoa incubated in TEY medium containing trehalose, 
while there were no signifi cant diff erences (p > 0.05) 
in the values of STR% and LIN % between the four 
diff erent TEY media. Moreover, compared to the in-
cubated spermatozoa in the TEY-fructose medium, a 
rise in the percentage of the rapid subpopulation cat-
egory was caused by trehalose supplementation, and a 
decrease in the percentage of static sperm was record-

Table 3.

CASA sperm motion characteristics of chilled spermatozoa from rams incubated in Tris  egg-yolk medium (TEY) 
supplemented with 50 mM of glucose, fructose, sucrose and trehalose at 5 °C for 180 minutes.  Mean (± Sd) of 
CASA parameters: average path velocity (VAP), straight line velocity (VCL), curvilinear velocity (VCL), per-
cent straightness (STR %), Percent linearity (LIN %) and the distribution percentage of motility subpopulation.

TrehaloseSucroseFructoseGlucoseCASA Parameters

91.56 ± 1.94a92.67 ± 2.5a91.11 ± 1.96a91.55 ± 2.3aMotlity %

15.11 ± 2.52 a16.11 ± 3.01a16.44 ± 2.24a16.55 ± 2.45aProgressive motility %

99.11± 3.88 a100.77 ± 4.52 a107.3 ± 6.42a105.55 ± 7.23ªVAP (µm/s)

64.89 ± 4.98a65.89 ± 4.25a67.33 ±  4.58a67 ± 5.12aVSL (µm/s)

199 ± 8.1 a203.55 ± 4.36 a207.11 ± 6a205.44 ± 8.35aVCL (µm/s)

60 ± 2.4 a58.77 ± 1.72ª59.33 ± 1.73a58.88 ± 1.76 aSTR %

32 ± 2.18 a31.55 ± 1.9a31.78 ± 1.30a31.33 ± 1aLIN %

                    Motility subpopulations

9.78 ± 2.58a8 ± 1.89a9.11 ± 1.39a9.77 ± 1.71aStatic %

8.22 ± 2.71a6.88 ± 1.66a7.55 ± 2.04a6.22 ± 1.84aSlow %

29.66 ± 1.24 a29.88 ± 1.40a27.77 ± 2.15a29.44 ± 2.93aMedium %

52.11 ± 2.57a55 ± 1.59a55.55 ± 2.77a54.55 ± 4.72aRapid %

ed in this medium.
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variation [17, 18], storage temperature [19], type of 
media [20], and also the diff erences in motility esti-
mation methods (subjective or objective). 

As sperm cells are dependent on their storage me-
dium, diff erent semen media, such as TBM and TEY, 
were developed to be used in assisted reproductive 
technologies. In this respect, sugar concentration is 
one of the most important points that should always 
be carefully considered during the preparation of any 
semen media, especially TBM and TEY. In the pres-
ent study, a concentration of 50 mM for each sugar 
type was adopted in TBM and TEY media, as one of 
the concentrations usually used in Tris media [21]. 
Better maintenance of canine spermatozoa motility 
was noted when increased amounts of sugars were 
added to the semen extender. In this respect, the sup-
plementation of TEY extender with 70 mM of sugars 
had notable benefi cial eff ects on chilled canine sper-
matozoa compared to 10 mM, and this concentration 
resulted in signifi cantly higher values for the percent 
motility and VAP parameter over the experiment pe-
riod [22]. Moreover, compared to the freshly pooled 
canine semen, the mean values of VAP, VSL, and VCL 
increased signifi cantly, suggesting that sugars activate 
sperm velocity [22]. However, in the present case, any 
higher concentrations over the 50 mM level of mono-
saccharides or disaccharides may cause osmolarity to 

become too high and in such a situation, substantial 
osmotic damage could be produced. It is well known 
that sperm cells are sensitive to osmotic stress [21, 
23]. However, spermatozoa can tolerate a moderate 
range of osmolarities without a reduction in fertility. 
In this study, the osmolarity of the eight Tris media 
was within the range of physiological values (300-330 
mOsm/Kg), which is the physiological osmolarity of 
most physiological fl uids. $ erefore, the osmolarity 
levels in our Tris media are not expected to have any 
signifi cant eff ect on the motility status of rams and 
bucks spermatozoa. 

$ e eff ects of monosaccharides on the metabo-
lism of freshly ejaculated spermatozoa are very im-
portant for motility status. In dogs, sperm metabolize 
fructose and glucose in separate pathways resulting in 
separate systems of energy management indicated by 
diff erent motility patterns and diff erent roles in glyco-
gen metabolism [2, 4]. $ e activating role of fructose 
and glucose on dog sperm was initiated by the intense 
and rapid increase in the tyrosine phosphorylation of 
some specifi c proteins [2]. Sperm functions could be 
modulated and modifi ed immediately a% er ejacula-
tion. However, further research in protein phosphor-
ylation in the spermatozoa of small ruminant species 
treated by diff erent sugar types must be conducted in 
the future. 

Table 4.

CASA sperm motion characteristics of chilled spermatozoa from bucks incubated in Tris egg-yolk medium (TEY) 
supplemented with 50 mM of glucose, fructose, sucrose and trehalose at 5 °C for 180 minutes.  Mean (± Sd) of 
CASA parameters: average path velocity (VAP), straight line velocity (VCL), curvilinear velocity (VCL), per-
cent straightness (STR %), Percent linearity (LIN %) and the distribution percentage of motility subpopulation.

TrehaloseSucroseFructoseGlucoseCASA Parameters

93.22 ± 2.28a89.77 ± 1.56 a90.44  ± 2a90.77 ± 3.15aMotlity %

22.11 ± 2.57a19.44 ±1.23 a20 ± 2.7 a20.11± 2.82aProgressive motility %

96.77 ± 5.26 a92.22 ± 4.9 ab87.8± 5.31ab86.56 ±9.14bVAP (µm/s)

65.89 ± 5.13 b62.44 ± 2.9 ab60.44 ± 3.17a60.22 ± 6.30aVSL (µm/s)

197.22 ± 4.57 b189.22 ± 7.07a186.4 ± 9.72a184.66 ±10.16aVCL (µm/s)

61.78 ± 2.28a60.44 ± 0.72a61.11± 2.93a61.66 ± 1.5 aSTR %

32.77 ± 1.72a32.22 ±1.09a32.44 ± 1. 9a32.78 ± 2.39 aLIN %

                    Motility subpopulations

8 ± 0.91b11.11 ± 1.36 a10.33 ± 0.96 a10.78 ± 2.38 aStatic %

6.78 ±1.03a8.55 ± 1.59a8.44 ± 1.19 a8.77 ± 1.94 aSlow %

20.88 ±3.29a21 ± 2.73a22.55 ± 1.72 a21.78 ± 1.93aMedium %

64.33 ±3.70b59.44 ± 2.66ab58.22 ± 2.10 a58.66 ± 2.80abRapid %

$ e means (± Sd) with diff erent letters (a-b) within columns signifi cantly diff er at p < 0.05.



12

RESEARCH ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Alomar , IJVST 2023; Vol.15, No.3
DOI:  10.22067/ijvst.2023.82141.1247

Monosaccharides and disaccharides eff ects on spermatozoa motility

On the other hand, is it possible to make a prefer-
ence for a specifi c type of monosaccharides to be used 
in semen solutions? In general, the sperm of many 
mammals use glucose in preference to fructose when 
both substrates are available [24, 25]. Rogers and 
Perreault [26] observed that glucose supported bet-
ter progressive human sperm motility than fructose, 
while Williams and Ford [9] found both sugars to be 
equally eff ective. In contrast, fructose has been found 
benefi cial for frozen-thawed sperm in bovine [27] and 
ram [28]. It must be noted that in goat seminal plas-
ma, fructose was the primary substrate for glycolysis 
[29] and the end product of the glycolysis pathway 
produces more ATP, necessary to support sperm mo-
tility. However, the combination of glucose and fruc-
tose as a supplement in the TALP medium improved 
the progressive motility of boar sperms [30]. In our 
study and during the fi rst hours of in vitro incubation, 
we did not notice any clear diff erences between glu-
cose and fructose, especially for the fresh and chilled 
ram spermatozoa. In agreement with these results, 
the survival of unfrozen ram sperms did not improve 
when ten diff erent sugars were added [20]. Moreover, 
no eff ect was noted for sugar type (i.e., glucose, fruc-
tose, sucrose, lactose, and trehalose) on the motility 
of the post-thaw ram spermatozoa [31]. It must be 
pointed out that the monosaccharide metabolization 
pathways in mammalian spermatozoa depend on sev-
eral factors, such as the medium composition, energy 
consumption rhythm, and most importantly the stud-
ied species where the sperm come from [3].

Diverse sperm types, semen media, and sugar 
groups used for supplementation could result in dif-
ferent motility patterns. In this study and unlike the 
motility status in the case of fresh spermatozoa types, 
trehalose had positive eff ects on CASA velocity pa-
rameters and the rapid subpopulation category of 
chilled goat spermatozoa. In contrast to our fi ndings 
concerning chilled ram spermatozoa, the results of 
Zhao et al. [12] indicated that the addition of treha-
lose to Tris diluent improved the quality of long-pre-
served ram semen under low-temperature conditions. 
According to the previous authors, trehalose addition 
to Tris-fructose egg yolk medium at a concentration 
of less than 20 mM did not directly increase the pro-
gressive motility of sperm but signifi cantly raised 
the integrity of the preserved sperm acrosome. In 
humans, superior post-thaw sperm parameters were 
observed by using 50 mM trehalose over sucrose and 
other trehalose concentrations [32]. It must be noted 
that trehalose exerts an indirect antioxidant eff ect by 
augmenting the level of glutathione and reducing lip-
id peroxide [33]. Chhillar et al. [34] documented that 
trehalose decreased H2O2 and MDA in frozen-thawed 
bull semen to the levels of fresh semen, while Badr et 

al. [35] reported similar results in buff alo. However, 
the antioxidant potential of trehalose on the sperma-
tozoa of small ruminants and its relation to sperm 
motility pattern needs further research.

In the present study, we focused on fresh and 
chilled spermatozoa types. It must be pointed out 
that these two types could be used in diff erent assist-
ed reproductive technologies and they present a very 
important option for using cryopreserved ones. As 
the cryoprotective eff ects of monosaccharides and 
disaccharides on spermatozoa were well documented 
in the literature [36, 37], our present study was more 
focused on the motility aspect. However, the main re-
sult demonstrated that regardless of temperature, both 
monosaccharides and disaccharides could support the 
motility of bucks and rams spermatozoa during the 
fi rst three hours of in vitro incubation in the Tris me-
dia.

Finally, two major limitations could be noted for 
the current study. $ e fi rst is that sperm CASA motil-
ity parameters may not accurately predict the in vivo 
fertility results or IVF outcome. $ erefore, other as-
sessments of semen quality, including sperm viability, 
membrane, and acrosome integrity are needed. $ e 
second limitation is that motility status in this study 
was assessed during the fi rst hours of in vitro incu-
bation. In fact, we were interested in these particu-
lar incubation time points for both fresh and chilled 
spermatozoa samples because they represent the time 
window by which spermatozoa of such types could be 
directly used in diff erent assisted reproduction tech-
nologies, especially AI. However, during the fi rst three 
hours of in vitro incubation, our initial data clearly 
showed that the four sugars only aff ected the velocity, 
and not the spermatozoa trajectory of the small rumi-
nants.      

Conclusion

Taken together and by using CASA technology, 
this research showed the direct eff ects of monosaccha-
rides and disaccharides supplementations in diff erent 
Tris media on the spermatozoa motility patterns of 
small ruminants. It was clear that the sperm motili-
ty parameters of both rams and bucks were aff ected 
by monosaccharides and disaccharides based on the 
incubation temperature. Moreover, CASA velocity pa-
rameters were the most aff ected motility characteris-
tics by sugars, while no diff erences were recorded for 
the sperm trajectory parameters. Such data could as-
sist in the selection of the most appropriate sugar com-
patible with the temperature of keeping small rumi-
nant spermatozoa within the semen media to achieve 
the best motility status. However, further studies are 
needed to test the in vivo and in vitro fertilization of 
small ruminants' spermatozoa incubated in diff erent 
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media supplemented with diff erent sugars.

Animals and ethical approval

 " is study was carried out at Der-Al-Hajar Animal Produc-
tion Research Station, 33 km southeast of Damascus. Semen was 
obtained from fi ve adult Awassi rams and fi ve adult Shami bucks 
(two local Syrian small ruminant species). " e animals aged 3-4 
years, and were fed a diet based on concentrate, wheat straw, and 
barley, with water available ad libilum. It must be noted that the 
experiments for this study were approved by the Local Scientif-
ic and Ethical Committee of the AECS, Damascus, Syria (permit 
number 36-Z/M4 - 2019). 

Media preparation, semen collection, and ex-

perimental design  

All chemicals were purchased from Roth (Carl Roth Gm-
bh-Karlsruhe-Germany). Eight Tris media were prepared in 
the present study, including four TBM and four TEY. TBM pre-
pared as a 300 mOsmol/Kg solution contained 200 mM tris (hy-
droxymethyl) aminomethane, 64.7 mM citric acid monohydrate, 
and 50 mM of each sugar type (glucose, fructose, sucrose, and 
trehalose), which were separately added to each base solution. For 
the TEY media, 20% of egg yolk was added to the four tris-based 
solutions with conserving the same previous concentrations of tris 
(200 mM), citric acid (64.7 mM), and the four sugar types (50 mM 
for each) in each TEY medium. It must be noted that the eight 
media were always held constant at pH 7.  

In this study, a total of 60 ejaculates were collected from 
ten experimental animals (30 ejaculates from rams and 30 from 
bucks). Semen samples were collected using an electro-ejaculator 
(Minitube-Electro Ejaculator, Tiefenbach, Germany). Upon col-
lection, semen specimens were immediately evaluated for general 
appearance and volume. For each animal and a$ er semen collec-
tion, spermatozoa concentration was estimated using a haemato-
cytometer (Neubauer Improved Marienfeld, Germany). An initial 
analysis of sperm motility was performed using the CASA system 
(Hamilton " orne Biosciences, Version 12 CEROS, Beverly, USA). 
Sperm samples with a motility score ≥ 75% of motile spermatozoa 
and a concentration of ≥ 1×109 spermatozoa/ml were utilized. 
All ejaculations with no or poor motility status were immediately 
excluded before conducting the analyses. " e collected ejaculates 
from each species were mixed in each replicate to isolate the indi-
vidual eff ect of males. " e fresh spermatozoa samples (25×106/ml) 
of both bucks or rams were incubated in TBM containing the four 
sugar types at 37°C in a water bath for 60 min, while the chilled 
spermatozoa samples (25×106/ml) of bucks or rams were incubat-
ed in TEY media containing the four sugar types at 5°C in the 
refrigerator for 3 h. Each experiment for each animal species and 
each semen media was repeated three times.

Motility assessment 

" e motility characteristics of the spermatozoa were assessed 
by CASA, using the Hamilton-" orne motility analyzer (Hamil-
ton " orne Biosciences, Version 12 CEROS, Beverly, USA). For 
each sperm sample, three fi elds were selected, counted randomly, 
and assessed to generate data from at least 200-250 sperm/sam-
ples. " e CASA characteristics included in the analysis were the 
MOT%, VCL (µm/s), VAP (µm/s), VSL (µm/s), LIN%, STR%, and 
PMOT% (VAP ≥ 75 µm/s and STR ≥ 80 %; HTM-CEROS; in-
stallation getting started guide version 12 CEROS). Spermatozoa 
subpopulations were defi ned in four categories by CASA as Rapid 
(4): fraction of all cells moving with VAP = 25 µm/s; Medium (3): 

Materials and Methods

fraction of all cells moving with 5 µm/s < VAP ≤ 25 µm/s; Slow (2): 
fraction of all cells moving with VAP < (5 µm/s or VSL < 11 µm/s; 
and Static (0-1): fraction of all cells not moving at all.

" e Hamilton-" orne motility analyzer settings used for goat 
spermatozoa were negative phase contrast optics at a recording 
rate of 60 frame/s, temperature of analysis 37°C, light adjustment 
90-110, minimum cell size 5 pixels, non-motile head size 10 pix-
els, non-motile head intensity 80, low VAP cut off  20 µm/s, low 
VSL cut off  5 µm/s, static size limit 0.60/4.32 (min/max), and static 
intensity limit 0.20/1.92 (min/max). While the Hamilton-" orne 
motility analyzer settings used for sheep spermatozoa were nega-
tive phase contrast optics at a recording rate of 60 frame/s, tem-
perature of analysis 37°C, light adjustment 90-110, minimum cell 
size 5 pixels, non-motile head size 10 pixels, non-motile head in-
tensity 80, low VAP cut off  21.9 µm/s, low VSL cut off  6 µm/s, stat-
ic size limit 0.60/8 (min/max), and static intensity limit 0.25/1.50 
(min/max). 

Statistical analysis

Statistical analysis was conducted using the Minitab program 
(Minitab Coventry, United Kingdom, Version 13.31, 2000). Mo-
tility data were subjected to a factorial analysis of variance (ANO-
VA) for the four sugar types by GLM, followed by multiple pair-
wise comparisons using the Tukey posthoc test. " e threshold of 
signifi cation was set at p < 0.05.

" e author declare that there is no confl ict of in-
terest.
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CLA is an economically and zoonotically important disease in the world. ! e lack of a therapeutic proce-

dure limits the treatment mainly to surgical intervention. ! erapeutic effi  cacies of the intra-abscess instil-

lation of O
3
-oil and H

2
O

2
-gly in CLA in small ruminants were tested. One hundred eighty aff ected sheep 

and goats were allocated to fi ve groups as follows: 1) NC (no intervention), 2) PC1 (injection of olive oil), 3) 

PC2 (injection of glycerin), 4) injection of O
3
-oil, 5) injection of H

2
O

2
-gly. Samples of abscess contents were 

collected for microbiological examination prior to injection. ! e VAs were measured on T0, then with two-

week intervals on T1 and T2. On T0 and T2, VAs were as NC (2.9 ± 0.5; 3.5 ± 0.5), PC1 (3.4 ± 0.7; 6.6 ± 1), 

PC2 (3.1 ± 0.7; 3.3 ± 0.9), O
3
-oil (3.3 ± 0.4; 0.4 ± 0.4), and H

2
O

2
-gly (4.6 ± 0.4, 1.5 ± 0.4). Statistical analysis 

showed a signifi cant decrease in VAs, merely in treatment groups. CP was recovered in 48.3% of bacterio-

logical samples. ! e results of this study suggested that O
3
-oil and H

2
O

2
-gly would be reliable therapeutic 

agents for treating and controlling CLA. Ozone showed apparently a higher  effi  cacy and caused more rapid 

shrinkage/recession of the abscesses, compared to hydrogen peroxide..

Abscess, Caseous lymphadenitis, Ozone, Hydrogen peroxide, 

Small ruminants
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Introduction  

The CLA of sheep and goats caused by CP is an 
important problem worldwide. ! e chronic 

and insidious nature of the infection makes the con-
trol of the disease diffi  cult, leading to a high preva-
lence in many parts of the world. Moreover, it causes 
signifi cant economic losses in small ruminant popu-
lations [1]. ! e pyogenic superfi cial abscesses due to 
CLA, especially in the head and neck areas of sheep 
and goats, should always be considered as a source of 
serious concern for human health, herd health man-
agement programs, and profi tability [1]. Based on the 
report of the United States Department of Agriculture 
in 2012, the national wool, mohair, and milk produc-
tion economic losses were valued at $9.39 million. 
Losses in milk, meat, and wool production caused by 
CLA may be associated with substantial economic im-
pacts on both low- and high-income countries [2].

CLA along with four other economically import-
ant diseases of sheep and goats, namely ovine Johne's 
disease, Maedi-Visna, ovine pulmonary adenomato-
sis, and border disease, collectively have been clas-
sifi ed as “iceberg diseases” [3]. ! e presence of ani-
mals with the subclinical form of infection (the most 
challenging type for both practitioners and owners) 
is a common feature of these diseases [4]. Generally, 
CLA is a chronic (multi)systemic infection caused by 
a pyogranulomatous response of the lymphoid sys-
tem, which ultimately results in the enlargement and 
abscessation of superfi cial and sometimes internal 
lymph nodes [3, 5].

! e leading cause of CLA, CP, inhabits the envi-
ronment and has rarely been isolated from the skin, 
nasal orifi ces, and ear canals of apparently unaff ected 
sheep [7,8]. ! e most documented route for infection 
is thought to be skin wounds formed during various 
daily procedures, including unsafe or contaminated 
needle puncture [9]. 

Ruptured superfi cial abscesses play a crucial role 
in the spread of infection, whereas for pulmonary ab-
scesses, such a role has not yet been fully established 
[6]. ! e isolation and identifi cation of causative mi-
cro-organism(s) is the gold standard for diagnosis. 
Purulent materials and exudates are the most com-
mon specimens used for diagnostic purposes [3].

Classically, the standard surgical approach, in-
cluding clinical lancing to drain purulent materials, 
is common when the abscesses mature. In recent 
years, some new therapeutic alternatives, such as an-
timicrobial photodynamic therapy, H

2
O

2
, and bio-

genic nanoparticles have been attempted with some 
promising results in cancer tumors and semi-spher-
ical masses in human medicine. However, the need 
for relatively sophisticated equipment prevents them 
from being applicable in the current large animal 
fi eld settings [10-12]. It has been suggested that po-
tent bio-oxidants, such as H

2
O

2
 and O

3
, in biological-

ly safe forms and doses would be suitable candidates 
for investigating potential therapeutic intervention 
eff ect(s) in resolving encapsulated abscesses. ! e 
unique physicochemical properties of these com-
pounds render them an eureka with the potential to 
be applicable in various biomedical fi elds [13].

Trioxygen, or O
3
 can be administered as a pure gas 

in aqueous solutions (ozonated saline) or ozonated 
vegetable oils during ozone therapy. Ozone has been 
administered successfully through parenteral (IV, IM, 
SC, and intralesional) and loco-regional (cutaneous, 
rectal, vaginal, nasal, and dental) or even whole-body 
routes in human and animal patients [14]. Bio-oxi-
dative therapy as a viable therapeutic modality off ers 
medical and veterinary practitioners the best op-
portunity to safely deal with numerous pathological 
conditions, which are less responsive to conventional 
treatments and/or o& en fail a& er prolonged, frustrat-
ing, and costly interventions [13, 15].

Considering the therapeutic potentials of O
3
 and 

H
2
O

2
, it seems such agents would be active in situa-

tions, where antimicrobials fail to penetrate or remain 
active in purulent environments. ! ese capabilities 
could enable them to potentially sterilize the internal 
environment of the abscesses. ! ese materials might 
be good candidates to be investigated as new ap-
proaches to deal with CLA, targeting the destruction 
of the pyogenic membranes of the abscesses.

From a practical standpoint, O
3
 is an unstable 

gas that cannot be stored and should be used at once 
because it has a half-life of 40 min at 20°C and 140 
min at 0°C [14]. However, the oxidant activity of O

3
 

in ozonated vegetable oils will be extended up to one 
year at 25°C or two years in the refrigerator [16]. Hy-
drogen peroxide is commercially available as a topical 
antiseptic agent for disinfecting the skin and superfi -
cial lesions [17]. It has also been frequently used for 
its well-known properties for wound healing and ra-
diosensitization in the management of so&  tissue tu-
mors [18]. Direct application of pure H

2
O

2
 to wounds 

and body cavities may potentially cause intra-arterial 
oxygen embolism [17] and local mild to severe pain 
at injection sites [19]. Sodium hyaluronate has been 

Abbreviations-Cont'd

H
2
O

2-
gly: H

2
O

2
-glycerol

T0: Baseline before treatment 
T1: Time 1
T2: Time 2
Vas: Volumes of abscesses
BCS: Body condition score
LSM: Least square mean
SEM: Standard error of the mean 
FDA: U.S. Food and Drug Administration
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Result
A total of 208 aff ected abscesses from 180 ani-

mals [156 sheep (86.7%) and 24 goats (13.3%)] were 
included in this study. " e distribution by treatment 
and the mean volumes of instilled agents are given in 
Table 1.

" e isolated bacterial cultures from 180 animals 
(208 abscesses) are presented separately according 
to the type of isolated bacteria in each experimental 
group in Table 2. 

" e aff ected lymph nodes are described separate-
ly based on the type of anatomical position in each 
experimental group in Table 3.

used as a solvent to alleviate the potential side eff ects 
of H

2
O

2
 injections inside the tumors prior to radio-

therapy [17,19, 20], as well as inactivating the anti-ox-
idative enzyme peroxidase in tumors [21]. Glycerin or 
glycerol have been used as solvents as well to prolong 
the release of H

2
O

2
 [22].

Attempts to expedite the maturation and subse-
quent drainage of the abscesses could be the hallmark 
to stop the further spreading of the disease. " e inter-
nal abscesses may occur on some occasions, with no 
overt clinical signs, serving as a source of disease pro-
liferation through the visceral form of CLA believed 
to be associated with clinical manifestations of the so-
called “thin ewe syndrome”.

Apart from the surgical intervention, as far as 
the authors know, few pure therapeutic interventions 
have been devoted to the treatment of the disease. A 
closed-system lavage of abscesses and the intralesion-
al administration of tulathromycin have been suggest-
ed [23]. A combination of intramuscular injection of 
rifamycin and tetracycline has been reported to be ef-
fective in the resolution of the enlarged and ruptured 
peripheral lymph nodes discharging thick green pus 
[24].

Based on the current knowledge, we hypothe-

sized that the direct intra-abscess administration of 
either O

3
 or H

2
O

2
 might have a benefi cial eff ect on the 

treatment of CLA. " e hypothetical basis is the as-
sumption that the intra-abscess injection of a chemical 
agent that preserves its activity in purulent contents 
might have a recessive eff ect by sterilizing the pyogen-
ic membrane. " e objective of this fi eld study was to 
study the impact of injecting either ozonated olive oil 
or 0.5% w/v H

2
O

2
 into intact CLA abscesses compared 

to control groups. 

Table 1.

Abscesses, animals and average volumes of instilled agents in mL by treatment

H
2
O

2
-glyO

3
-oilPC 2PC 1NC

70 (59)74 (61)17 (13)19 (17)28 (30)Abscesses (animals)

5± 4.64.36 ± 3.72.72 ± 2.12.79 ± 0.9-Volumes instilled

Number of animals per treatment are given in parenthesis

Table 2.

Isolated bacteria in the abscesses in all experimental groups (208 abscesses)

total
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groups

232300001001211111PC1

201100003010020210PC2

74000111013667121323O
3
-oil

700010110323235643H
2
O

2
-gly

431122446101013182287Total

1.40.550.551.11.12.22.23.35.55.57.210.012.248.3Total (%)

• Corynebacterium pseudotuberculosis

" e volume of the abscess-
es at diff erent time intervals 
(T0, T1, and T2) are given in 
Table 4.

Volumes of abscesses dif-
fered signifi cantly between 
treatments at T0 with the larg-
est abscesses in the H

2
O

2
-gly 

group. Statistically signifi cant 
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Table 3.

 Lymph node disruption involved with caseous lymphadenitis

total
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2800010121133538NC

1900000000006085PC1

1700000020004362PC2

74010011204712201313O
3
-oil

700010010169991321H
2
O

2
-gly

01111362111934374349Total

00.50.50.51.42.81.05.39.116.317.8 20.723.6Total (%)

* Right,  ^ Le! 

Table 4.

" e volume of the abscesses at diff erent times are presented as LSM ± SE (mm3)

Within group 
diff erences

T2T1T0

= 0.3663.5 ± 0.5 ∑µ3.6 ± 0.5 ¥2.9 ± 0.5 €NC

= 0.031b 6.6 ± 1®b 5.6 ± 0.7 €®a 3.4 ± 0.7 ¥€PC1

= 0.211a 3.3 ± 0.9 £µa 4.3 ± 0.7 ¥®a 3.1 ± 0.7 €PC2

= 0.01c 0.4 ± 0.4 €b 1.9 ± 0.4 £a 3.3 ± 0.4 €O
3
-oil

≤ 0.0001b 1.5 ± 0.4 ¥a 3.7 ± 0.4 ¥a 4.6 ± 0.4 ¥H
2
O

2
-gly

= 0.0176= 0.0137= 0.0387
Between group

signifi cant diff erences

Diff erent alphabetical letters within a line represent statistically signifi cant diff erences between    time points. (p < 
0.05)
Diff erent symbols within a column represent statistically signifi cant diff erences between treatments for each sam-
pling time (p < 0.05)

Table 5.

 Test of fi xed eff ects. " e mean volume of the abscesses at T0, T1 and T© have been presented as LSM ± SE mm3

P-valuesGroupsVariables

G × TT i m e 
(T)

G r o u p 
(G)

NCPC2PC1O3-oilH2O2-gly

SELSMSELSMSELSMSELSMSELSM

< 0.00010.25< 0.00010.33.30.453.60.475.20.241.90.13.3Abscess volume
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Discussiondecreases in abscess volume over time were apparent 
for both treatments but not for any control groups. ! e 
volume of the abscesses in control groups remained 
unchanged, if not larger. ! e volumes of abscesses in 
the NC and PC2 groups remained unchanged, while 
in PC1 got larger signifi cantly (p = 0.031, Tables 4 and 
5). Abscesses in O

3
-oil showed signifi cant volume re-

ductions in the fi rst two weeks a# er treatment. How-
ever, a signifi cant reducing eff ect was only observed 
a# er four weeks for H

2
O

2
-gly. ! e diff erent responses 

in treatment vs. control groups showed the therapeutic 
eff ects of O

3
-oil and H

2
O

2
-gly on the CLA abscesses.

We observed that O
3
-oil caused a signifi cant de-

cline in the abscess volume compared to H
2
O

2
-gly at 

T1 (p = 0.0002) and T2 (p = 0.0288). ! e reducing 
eff ect of O3-oil was signifi cantly higher in T1, com-
pared to H

2
O

2
 (p = 0.0002) and control groups (PC1 

= 0.0001, PC2 = 0.0012, NC = 0.0069). Moreover, the 
volume of the abscesses was greater in PC1 than in 
NC (p = 0.0206). ! e instillation of olive oil alone in-
creased the volume of the abscess at T1 (p = 0.03) and 
T2 (p = 0.01) compared to T0 in PC1. ! e volume of 
abscesses showed no signifi cant diff erences in T1 and 
T2 compared to T0 in the NC (p = 0.366) and PC2 (p 
= 0.211) groups (Tables 4 and 5). It should be noted 
that the unequal sizes of experimental groups were 
due to the refusal of the owners to allocate addition-
al animals to the control groups because of observing 
adverse eff ects causing obligatory premature termina-
tion of the experiment in the control groups. More-
over, the signifi cantly larger abscesses in the H

2
O

2
-gly 

group should be accounted as a shortcoming of the 
study design due to the strict adhesion to the rule of 
Latin square in allocating animals to the groups, while 
ignoring the importance of the similarity of abscesses 
in terms of size at the starting point. ! e number of 
ruptured abscesses in each group is presented in Table 
6. On weekly follow-ups, the owners reported no re-
lapse of abscesses and the complete disappearance of 
abscesses treated by O

3
-oil or H

2
O

2
–gly.

! e eff ects of gender, species, breed, age, and sex 
were evaluated as fi xed eff ects. No signifi cant eff ects 
were detected (p = 0.1457).

! e most important fi nding of this study is that 
the intra-abscess infusion of  H

2
O

2
 and O

3
 resulted in 

a signifi cant decrease in the volume of the abscesses 
caused by CLA within four weeks (Table 2) to the ex-
tent that a considerable shrinkage and/or complete 
recession occurred on the sixth week.

! e surgically opened abscesses should be rou-
tinely fl ushed with disinfectants, such as 10% povi-
done-iodine or iodine tincture; however, the histo-
toxicity characteristics of iodine solutions disrupt the 
healing process of the wounds [34, 35]. Biogenic silver 
or gold nanoparticles have been used as a postsurgical 
treatment instead of iodine solutions in cases of CLA 
with promising results [10, 12]. Moreover, postsurgi-
cal administration of antimicrobials could have great 
value as a part of the preventive strategy against the 
environmental re-infection of wounds. 

! e proposed therapeutic procedures apart from 
surgical intervention are somewhat problematic and 
inconclusive. ! e pathophysiology of the disease in-
cludes the formation of a thick pyogranulomatous le-
sion following organism establishment, and the devel-
opment of an “onion ring” appearance in a process of 
repeated necrosis of the lesion following pathogenic 
agent proliferation, which causes the reformation and 
progressive enlargement of the capsule. ! is patho-
logic encapsulation structure precludes the penetra-
tion of antibiotics to the pyogenic membrane of the 
abscess, where the causative agent(s) reside(s) [1]. 

Combinations of oxytetracycline plus rifamycin 
or erythromycin have been used for treating CLA 
[24]. ! ese combinations require the extra-label usage 
of antimicrobials for long periods, and some of them 
(e.g., erythromycin) are not labeled for use in food 
animals. ! erefore, these shortcomings restrict their 
eff ectiveness either for food animals or other specif-
ic species [36]. A combination of subcutaneous usage 
of procaine penicillin G a# er opening, draining, and 
fl ushing the abscesses and/or intralesional admin-
istration of tulathromycin following a closed system 
lavage has been reported. ! e procedure has the same 
problems of requiring extended withholding times 
and extra-label usage of antimicrobials [23]. Collec-
tively, the usage of antibiotics in the treatment of CLA 
has not been advocated extensively by veterinarians.

An alternative procedure similar to the present 

Table 6.

Number of ruptured abscesses in experimental groups

H
2
O

2
-glyO

3
-oilPC 2PC 1NC

2 (2.86%)2 (2.70%)11 (64.71%)14 (73.68%)0 (None)Ruptured Abscesses
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study is the intra-abscess instillation of formalin, 
which is advised by some veterinarians [36]. Formalin 
is carcinogenic and not approved by the FDA. More-
over, it requires waiting for the maturation of the ab-
scess, when it gets so! ness determined by palpation 
[36]. " e latter point is a restriction to mass medica-
tion of the aff ected animals. Although not approved 
by the FDA yet, O

3
-oil and  H

2
O

2
-gly can be instilled 

into the immature abscesses, which makes it possible 
to treat all the aff ected animals in the fl ock in a single 
operational setting. " is procedure lacks either the 
adverse eff ects of iodine solutions or the need for the 
extra-label usage of antimicrobials.

" e mechanisms of action of H
2
O

2
 (as a 3% solu-

tion) have been attributed to directly killing microor-
ganisms, and indirectly reacting as a signaling mol-
ecule or second messenger that stimulates eff ector 
cells to respond [18]. It has been reported that mild 
oxidative stress imposed on biological components by 
O

3
 has several benefi cial outcomes when used intral-

esionally in humans [37], providing fast cleansing of 
wound surface from pyonecrotic masses, stimulating 
the formation of granulation tissue, and enhancing 
wound healing [38]. Ozone reacts with the double 
bonds of triglycerides in vegetable oils, resulting in 
the production of ozonides and peroxidic species, 
which exert antimicrobial activity [39]. It is deemed 
that incorporating O

3
 or H

2
O

2
 in olive oil or glycer-

in, respectively, extends the eff ects of these agents 
that react instantly per se. Antibiotics are deactivated 
in an abscess fl uid environment due to low pH and 
oxygen tension, high protein content, high bacterial 
count, deactivating enzymes, and sequestration of 
bacteria engulfed by leukocytes [40, 41]. " e agents 
O

3
-oil and H

2
O

2
-gly retain their activity in purulent 

environments.   
Several vaccines have been marketed against 

CLA, with varying results [36, 42, 43]. It should be 
noted that commercial vaccines mainly activate hu-
moral responses and have some points of strength. 
First, they can limit the spread of an infection rath-
er than eliminate an established infection. In other 
words, they are not suitable for the cure of aff ected an-
imals, but their primary benefi t lies in preventing the 
colonization of infection in vaccinated animals if used 
before their exposure to the organism [36]. Second, 
their potential for reducing the incidence of external 
and internal CLA lesions has been shown experimen-
tally [4, 44-47]. Other interventions, including O

3
-oil 

and H
2
O

2
-gly, lack such an important advantage.

In the present study, CP, as the leading causative 
agent of CLA, was isolated from 87 (48.3%) subjects, 
followed by a variety of other microorganisms (Ta-
ble 2). In three abattoir studies, CP was isolated from 
12.6% of cases in Iran [48], 34.7% in Poland [49], and 

43.7% in Brazil [50]. Other researchers reported that 
CP was isolated from 27.84% of abscesses from clini-
cally ill sheep and goats and condemned internal ab-
scesses during meat inspection in Saudi Arabia [51]. 
In Egypt, CP was isolated from 90.07% of clinically 
infected cases [52]. In contrast, the major isolated 
bacteria from CLA cases in Spain was Staphylococ-
cus aureus subspecies anerobius (44.4%), followed 
by CP (26.3%) [53]. Almost invariably, various other 
microorganisms were isolated in diff erent studies, 
which could partly explain the variable results of 
vaccination against CLA in diff erent geographical 
locations. 

Mandibular lymph nodes were primarily aff ected 
in the present study followed by parotids, retropha-
ryngeals, prescapulars, supramammaries, prefemor-
als, and right popliteals (Table 3). " ese data suggest 
that the lymph nodes of the head area are mostly af-
fected, which might be due to the cumulative eff ects 
of the feeding behavior with the harsh environment 
as well as low-quality available range roughages in 
the desert (e.g., Tamarix and Haloxylon shrubs). " is 
fi nding is consistent with the fi ndings of other stud-
ies (33, 54, 55). " e parotid lymph nodes were aff ect-
ed with higher frequencies in goats in Ethiopia and 
Egypt [52, 56, 57], while in Spain retropharyngeals 
were the most aff ected lymph nodes [58]. It seems 
that the lymph nodes of the head region are most af-
fected by CLA.

Conclusion

" e results of the present study show that the 
instillation of O

3
-oil or H

2
O

2
-gly provides a prom-

ising result for the treatment of CLA abscesses in an 
early period of abscess growth. " e authors believe 
that such a therapeutic intervention is highly needed 
due to the fact that solely relying on the management 
strategies have been failing in preventing the spread 
of the disease [59], so far. " e managerial consider-
ations are essential in preventing the discharge of 
the purulent contents of the abscess into the envi-
ronment. " e formation and rupture of superfi cial 
abscesses result in the release of large numbers of  
bacteria into the environment [1], which plays a vital 
role in the spread of CLA [60]. " e microorganism(s) 
is (are) able to survive in the environment for sever-
al weeks [4]. In the present study, the intra-abscess 
instillation of O

3
-oil and H

2
O

2
-gly prevented the 

spread of purulent contents into the environment in 
addition to decreasing the size of the abscesses, espe-
cially when they are immature. Moreover, in contrast 
to antimicrobials, no withdrawal time should be con-
sidered for O

3
-oil and H

2
O

2
–gly. Additionally, con-

trary to antimicrobials that would be deactivated in 
purulent secretions, O

3
-oil and H

2
O

2
-gly retain their 
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Study approval and Ethical Considerations

Ethical approval of the current experiment was issued by the 
Committee for Animal Welfare at the Faculty of Veterinary Medi-
cine, Ferdowsi University of Mashhad, Mashhad, IRAN, (approval 
3/48948 session 556-28/11/1397). 

Methodology

1. Study Design, Inclusion Criteria and Data Collection 

! is prospective clinical case-control study was conducted in 
the fi eld in the lowlands of Zirkuh district with the centrality of 
Hajiabad, located in south Khorasan province, East of Iran, adja-
cent to the Afghanistan border, with a cold and semi-arid moun-
tainous climate and an average annual rainfall of 150 mm. ! e ref-
erence coordinates of the study location based on the GCS system 
are: 33°36'18''N , 59°59'36''E. All the animals in this region, which 
were  referred to the authors with CLA during September 2018 
August 2019 were included in this study.  Animals with suppura-
tive superfi cial lymphadenitis were considered eligible for alloca-
tion to the study only if they did not have: 1) any apparent clinical 
sign(s) consistent with a systemic infection, or 2) a history of re-
ceiving any local and/or systemic antimicrobial therapy for at least 
two weeks before the start of the study.  Moreover, animals that 
treated with antimicrobials during the study or those  that were 
not available for examination during the entire study period were 
retrospectively excluded from the dataset. ! e population in the 
present study mainly consisted of a native goat breed and diff erent 
sheep breeds, including Balochi, Kurdi, Afshari, Chinese and oth-
er crossbreds. ! e fl ocks were kept on traditional nomadic man-
agement, grazing mainly sparse ranges and receiving occasionally 
supplemented feedstuff s, including wheat straw and barley grain. 
Vitamin/trace mineral supplements were provided for the fl ocks 
by the owners.

In the present study, two stable slow-releasing combinations, 
including an emulsion containing ozonated olive oil and a combi-
nation of H

2
O

2
 with glycerin, were selected to be injected into the 

intact superfi cial CLA-abscesses in volumes proportional to the 
size of each abscess. Animals included in the study were assigned 
to one of fi ve treatments as follows: 1) no therapeutic interven-
tion (NC, N.28 abscesses, 28 animals), 2) injection of olive oil into 
the abscess (carrier substance of O

3
, PC1, N.19 abscesses, 17 ani-

mals), 3) injection of glycerol into the abscess (carrier substance of 
H

2
O

2
 , PC2, N.17 abscesses, 13 animals), 4)injection of ozonated 

olive oil (O
3
-oil, N. 74 abscesses, 61 animals), and 5) injection of 

H
2
O

2
-glycerol into the abscess (H

2
O

2
-gly, N.70 abscesses, 59 ani-

mals) (Table 1). A total of 208 lymph nodes were examined from 
180 aff ected sheep and goats in pre-existing groups (some animals 
had more than one abscess), which were clinically evaluated in 
terms of general health status and vital signs. ! e animal charac-
teristics such as species, age, sex, breed, and BCS were also record-
ed at this stage.

2. Group Assignment

 ! e animals were randomly assigned to each group, irrespec-
tive of the anatomical locations, gender of the animals or the size 
of the aff ected lymph nodes. Allocation was completed according 

Materials and Methods

to a Latin square, one by one to diff erent experimental groups in 
fi ve aff ected fl ocks on diff erent occasions. ! e primary agreement 
between the researchers and owners were to allocate animals to 
experimental groups equally. However, the owners refused to al-
locate more animals to control groups, when they observed the 
poor response of injecting olive oil and glycerol alone into the ab-
scesses, leading to a comparably fewer allocations to these groups.

3. Preparation of the therapeutic agents 

Glycerol (1,2,3-propanetriol) (pharmaceutical grade, Merck 
Co.) was considered the best choice for dissolving H

2
O

2
 (pharma-

ceutical grade, Merck Co.) in terms of viscosity, availability and 
price, which could eff ectively maintain intra-abscess H

2
O

2
 con-

centrations while avoiding irritating eff ect of a pure 3% w/v H
2
O

2
 

solution.
For each patient assigned to H

2
O

2
-gly, approximately 1 m1 of 

3% w/v H
2
O

2
 solution (147 mmol/L) was thoroughly mixed with 

5 m1 of 1% w/v glycerol (1:5 ratio) immediately befor injection 
under a treatment protocol introduced by Japanese investigators 
(KORTUC II protocol) [17, 19, 22] to obtain a fi nal 0.5% H

2
O

2
 in 

glycerol solution.
Olive oil was chosen as a solvent for a mixture of oxygen and 

O
3
 gases, resulting in the ozonated olive oil. ! e product has a lon-

ger half-life, and is more stable and applicable in fi eld settings than 
the original gaseous O

3
. Ozonated oils, are considered well-toler-

ated and safe compounds (LD50 > 2000 mg/kg BW), and remain 
stable at room temperature for up to one year and in the refriger-
ator for up to two years, provided to be stored in dark glass bot-
tles to avoid sunlight. ! ese properties altogether have led to the 
commercialization of pharmaceutical products containing ozo-
nated oils for a variety of purposes [17, 26-28]. Sterile injectable 
emulsion of ozonated olive oil was prepared from sterile raw ma-
terials and packed in a class B environment in 10 ml amber vials 
aseptically. ! e emulsion was prepared by mixing 0.35% W/V of 
ozonated olive oil with sterile water for injection and 2% W/V of 
Tween 80® as an emulsifi er in a laboratory scale homogenator. ! e 
peroxide, acid and iodine index of ozonated olive oil were  2439 ± 
13.3, 17.3 ± 0.06, and 0, respectively [United States Pharmacopeia 
and the National Formulary (USP 35 - NF 30), Rockville (MD): 
! e United States Pharmacopeia Convention; 2012].

Formulation and preparation of an injectable sterile solution 
of H

2
O

2
 3% w/v and glycerol 1% w/v (1:5 ratio), as well as an in-

jectable sterile emulsion containing ozone in olive oil were per-
formed in the school of Pharmacy, Mashhad University of Medi-
cal Sciences (MUMS).

No side eff ects, including the signs of pain or restlessness were 
manifested by the animals following the instillation of H

2
O

2
-gly 

or O
3
-oil.

4. Clinical Examination and Sample Collection

Rectal temperature, as well as respiratory and heart rates for 
each animal were measured, and the conjunctival, oral and vul-
var (in females) mucous membranes were examined to assess the 
general health condition of the animals. In addition, BCS was 
judged on a 1-5 numerical scale [28]. Superfi cial abscesses were 
identifi ed and the location was recorded for each individual. ! e 
three dimensions (length, width, and height) of each abscess were 
measured in millimeters using a manual analogue Vernier calliper 
(WOLFOX®,127 mm), a+ er thorough washing and shaving. ! e 
abscess volume (almost ellipsoid in shape in mm3) was extrapo-
lated from the dimensions using the following equation: Abscess 
Volume= π/6 × L × W × H [20].

! e abscesses measurements were conducted at the time of 
inclusion in the study before treatment (baseline, T0) and again 
a+ er two and four weeks. A fourth examination was conducted 
in the sixth week a+ er treatment; however, the majority of ab-
scesses in the control groups had been ruptured, while most of 
the abscesses were recessed in the treatment groups. ! e statistical 

activity in an abscess environment, lacking concerns 
regarding antimicrobial residues for public health.

Future research is warranted, for example, to 
combine the instillation of O

3
-oil and/or H

2
O

2
–gly 

into the abscesses and vaccination strategy when the 
internal abscess is also a matter of concern and de-
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analysis was limited to T0, T1, and T2 with intervals of 2 weeks. 
Further follow-ups were carried out by calling the owners weekly.

5. Experimental procedures 

! e exposed surface of the abscesses was thoroughly washed 
and aseptically prepared with povidone-iodine surgical scrub, fol-
lowed by wiping with a 70% isopropyl alcohol, letting to dry. ! e 
abscesses were punctured using disposable 18 G × 1.5" needles 
armed with a 2.5 m1 syringes.  ! e abscesses contents were aspi-
rated, while the tip of the needle was located at the opposite side 
of the puncture site, presumably near the pyogenic membrane of 
the abscesses. Aspirated materials were immediately transferred 
to a sterile, tightly capped tube. Samples were sent forwarded to 
the laboratory following strict recommendations regarding the 
shipment of microbiological specimens [29].

Prepared experimental agents corresponding to the respec-
tive experimental groups were then injected through the needle 
still in place. ! e animals assigned to NC did not receive any 
instillation, while abscesses in PC1 and PC2 were instilled with 
olive oil and glycerol without active compounds, respectively. ! e 
animals assigned to the treatment groups (O

3
-oil and H

2
O

2
-gly) 

received either ozonated olive oil or an emulsion containing H
2
O

2
 

in glycerol into the abscesses, respectively. ! e instillation was 
continued until the abscesses were felt to be fi lled by palpation. 
! erefore, variable amounts of solutions were instilled into the 
abscesses, which were recorded for all of them.

6. Bacterial Isolation and Identifi cation

Samples were streaked onto Columbia agar supplemented 
with 8% defi brinated sheep blood and MacConkey agar. Blood 
agar plates were subsequently incubated in pairs for 48 h at 37oC, 
one aerobically and the other microaerophilically (candle jar). 
! e pure isolates were identifi ed based on colony characteristics, 
hemolysis pattern, microscopic cell morphology, and biochemical 
tests, namely catalase, oxidase, O/F test, SIM, gelatin hydrolysis, 
urea hydrolysis, nitrate reduction, MR/VP test, CAMP or reverse 
CAMP test , and carbohydrate fermentation profi les [30-33].

7. Data analysis

! e current study was conceived with four evaluation time 
points T0, T1, T2, and T3, where T0 was the baseline immediately 
prior to the administration of experimental treatments and each 
following time point was two weeks a& er the previous one. Statis-
tical analysis was limited from T0 to T2, as too few values for T3 
were available for a meaningful analysis.

A diffi  culty for analysis  was that the data of ruptured abscess-
es were missed a& er rupture. Assuming that larger abscesses were 
more likely to rupture than smaller abscesses, a missing value at 
one of the time points due to a ruptur decreases the mean abscess 
volume of the corresponding treatment and it thereby results in 
a bias that becomes increasingly important when more abscesses 
rupture in one treatment. In an attempt to quantify this eff ect, 
each abscess was assigned a categorical value for the parameter 
“treatment failure”. ! e value 0 was assigned to the each abscess-
es with a volume of 80% or smaller than that of T0 at T1 or T2 
that was 80% or less of the volume determined at T0. ! e value 1 
was assigned to an abscesses with  a volume of at least 80% of T0 
at T1 and T2, and the value 3 was assigned to theabscesses that 
ruptured between T0 and T2. ! e cut-off  value was set arbitrarily. 
Too few animals with data in T3 were available to be included in 
the statistical analysis.

8. Statistical analysis

Unless stated, the results are expressed as LSM ± SEM or as 
a median and interquartile range for variables not meeting the 
assumption of normality. ! e statistical signifi cance level was set 
at p < 0.05. Data were tested for normal distribution and homo-

geneity of variance using Proc UNIVARIATE, and abscess volumes 
were square root transformed to achieve normal distribution.

To analyze of the square root transformed key outcome vari-
able “abscess volume” a repeated measures analysis of variance was 
conducted using PROC MIXED. ! e animal ID was considered 
subject; as subject to determine the fi xed eff ects of treatment, time, 
as well as the interaction between treatment and time, with time 
as repeated factor on the abscess volume. Covariates included in 
the initial model were sex, breed, and species of study animals. ! e 
covariates that were not statistically signifi cant were removed from 
the initial analysis to obtain the defi nitive model. ! e autoregres-
sive1 covariance structure was chosen based on the lowest Akaike 
information criterion. Bonferroni-adjusted p-values were used to 
assess diff erences between treatments at specifi c sampling times 
and also diff erences between sampling times whenever the F test 
was statistically signifi cant. Proc FREQ applied frequency analyses 
on categorical variables, such as “treatment failure” and “pathogen 
identifi ed in the abcsess” .

For convenience and because no preliminary data were avail-
able to make reasonable assumptions on treatment outcomes, the 
sample size of the present study was not based on a power analysis 
but on a convenience sample size that was all animals eligible for 
inclusion presented during one year.

All analyses were conducted with SAS so& ware (SAS 9.4, SAS 
Inst. Inc. Cary, NC).
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! e herein research was carried out in order to identifi ed the presence of bacteria inside prepuce cavity of male caprine 

in both mature and pubertal age with focusing on Klebsilla and E coli species. Eighty prepuce swabs (fi � y form mature 

and thirty from pubertal age) before slaughtering and cultured on blood agar and nutrient agar, bacterial isolation were 

identifi ed with biochemical teats and fi nally by PCR. ! e present study found a signifi cant diff erence (p < 0.01) between 

the prepuce swabs from caprine mature age (64%) and pubertal age (40%). Six various microorganisms were detected 

in prepuce samples in mature age, while four types were isolated from pubertal age. Positive isolation swabs detected 

the presence of Staphylococcus aurues, Escherichia coli, Pseudomonas aeruginosa and Streptococcus faecalis in both ages. 

Proteus mirabilis and Klebsiella pneumonia was isolated from mature age only. Signifi cant isolation (p < 0.01) was appear 

of Escherichia coli among all diff erent bacterial types. ! is research deduce that there was that the presence of bacteria 

inside prepuce of male genital system in both mature and pubertal age and their where a balance between genital im-

munity and localization of these bacteria and any stress factor may be lead to infection with such microbes, more over 
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Introduction  

There is normal fl ora inside the body cavities 
without causing any diseases in the normal 

environment [1]. # e importance of studying the nor-
mal inhabitant microfl ora inside the prepucal cavity 
lies in their role during the weakness of genital immu-
nity due to several factors that may lead to infections 
with these microbes [1]. Several studies showed that a 
healthy genital system contains normal bacterial fl ora 
without any interference with reproductive functions 
[2, 3]. However, reproductive organs might get infect-
ed with unspecifi c bacteria that lead to decreased fer-
tility [4]. # e male is considered to be one of the causes 
of semen contamination [5]. # e bacterial contamina-
tion of prepuce leads to penis contamination which 
can infect the female reproductive system during nat-
ural mating [6]. One of the complications of artifi cial 
insemination was contamination due to contact be-
tween the penis prepuce and the glans penis [1]. Some 
researchers stated that uterine infl ammation may re-
sult from external factors entering the uterus during 
natural mating or incorrect artifi cial insemination [7]. 
While bacterial contamination has an adverse eff ect 
on spermatozoa fertilization ability due to its direct 
toxic impact on spermatozoa or indirect metabolic 
bacterial activity that interferes with sperm viability 
during semen storage. # erefore, semen is among the 
cofactors that spread genital infection [1]. Several fac-
tors may cause uterine infection, such as the entrance 
of microorganisms into the uterus cavity during mat-
ing [7], or during the usage of polluted semen [8, 9]. 
Glans contamination with bacteria leads to the con-
tamination of the penis and the transfer of these bac-
teria into the female genital system during mating [6], 
indicating that the semen has a role in spreading the 
genital system infection of both genders as a carrier 
[9]. All of these factors make the idea to study the ef-
fect of age of puberty and maturity on the bacterial 
contamination and focusing on Klebsilla and E. coli 
species of the goat buck genitalia. # e recent study was 
designed in order to detect the presence of bacteria in-

Result
# e Table (1) listed isolation and then identifi ca-

tion of bacteria from mature and pubertal age of male 
goat. # e higher percentage of isolation was detected 
in mature age as compared with pubertal age with a 
signifi cant diff erences at (p < 0.01) (Table 1). More-
over, mature male goats (64%) and pubertal male 
goats (28%) were signifi cantly (p < 0.01) diff erent in 
terms of positive isolation percentage (Table 1). 

 In the present study, six types of bacteria were 
isolated from prepuce of male goats in mature age 
with signifi cant diff erences between the percentage of 
diff erent species (p < 0.05) (Table 2). Four types were 
isolated from pubertal age with p <0.05 signifi cant 
diff erences (Table 2). A higher percentage in isolation 
was recorded for E. coli species in both mature and 
pubertal age 32% and 23.3%, respectively (Table 2). 
# ere was a signifi cant diff erence (p  < 0.05) between 
the two ages and the prevalence of this type of bacteri-
um was signifi cantly diff erent (p  < 0.05) from all other 
bacteria in both caprine male ages (Table 2). # e next 
percentage was noticed in S. aureus species which was 
recorded to be 24% and 16.7% in mature and pubertal 
age, respectively (Table 2) with signifi cant diff erences 
between the two ages (Table 2). K. pneumoniae was 
isolated from mature male caprine only (6%) (Ta-
ble 2). Proteus mirabilis was also recorded in 4% of 
mature caprine (Table 2). Streptococcus faecalis was 
identifi ed in 6% and 10% of mature and pubertal age, 
respectively (Table 2). Pseudomonas aeruginosa was 
also isolated from 4% of mature-age and 6.7% of pu-
bertal-age goats (Table 2). S. faecalis and P. aeruginosa 
also showed signifi cant diff erences (p < 0.05) between 
the two ages (Table 2).

Table 1.

# e number of prepuce samples, positive and negative isolation in puberty and 
mature male goat

Signifi cance
Samples negative isolationSamples positive isolation

Animal age
PercentagenumberPercentagenumber

*36%1864%32Mature 

*60%1840%12Puberty 

**Signifi cance 

* Signifi cant diff erences at p < 0.01.

side prepuce cavity of male 
caprine in both mature as 
normal breeding animal 
and pubertal age as com-
pensatory for aged breed-
ing males with focusing 
on Klebsilla as non-specifi c 
bacterial types and E coli 
as a normal fl ora species 
types. Several researchers 
have studied infection with 
E. coli without evaluating 
its role in male genital or-
gans [10, 11, 12, 13].
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Table 2.

Types of isolated bacteria from cervical samples during diff erent estrus phases of 
slaughtering cows.

Signifi cance
Puberty males Mature males

Types of isolated bacteria 
PercentagePositive PercentagePositive

*23.3%732%16Escherichia coli

*0%-6%3Klebsiella pneumoniae

*6.7%24%2Pseudomonas aeruginosa

*16.7%524%12Staphylococcus aureus

*0%-4%2Proteus mirabilis

*10%36%3Streptococcus faecalis

*15*38Total isolation 

Some of these swabs contain more than one bacterium so the number of total will be more than positive 
isolation numbers.
* Signifi cant diff erences between percentage at  p < 0.01.

Discussion

$ is herein data showed that the external parts of 
male genital organs of goats had contamination with 
many various bacteria; our result become agrees in 
this part with others workers [6]. $ is study indicated 
that there were 64% of mature male goat had posi-
tive bacterial prepuce swabs as compared with 28% of 
pubertal male. $ is fact indicated that the male gen-
ital system contain normal microfl ora had no eff ect 
on reproductive activity. $ is is agreeing with other 
studies [2, 3, 4]. Some authors said that the isolation 
of bacteria from male and the female was symmetric 
[14]. $ is recent study is similar to this statement. 
Normal fl ora bacterial types could be activated during 
stress factors and it causes diseases as a pathogen-
ic type [15]. $ is part indicated the importance of 
studying the contents of bacteria before using of male 
for breeding. $ is study isolated six types of bacteria 
represent the high percentage of it the localization of 
Escherichia coli and Staphylococcus aureus in mature 
age, whereas four types were isolated in pubertal age. 
$ is is lower than that which isolated from Al-Dele-
mi et al. [1], and higher than Zaid et al. [16] in male 
goat. Zaid and Al-Zubaidy [15] claimed that there was 
relationship between bacterial number and bacterial 
types and fertilization of sperms; while Marinov et al. 
[17] stated that the 2nd ejaculation had little bacterial 
number than 1st one. $ e using of artifi cial techniques 
will be decrease uterine infections [18]. Bacterial con-
tamination plays an important harmful role on uter-
us cavity especially the uterine glands [19]. Natural 
service considered as an important factors of uterine 
infection [20]. $ e response of endometrium against 
infl ammation was controls by antigens and phys-

iological events [7], it was appear within 0.5-1 hour 
a' er matting [15] this response is important to clear 
uterine cavity from bacteria and dead spermatozoa 
[16]. Lateness of uterine elimination from bacteria, 
fl uid and debris a' er matting may results from many 
causes as myometrial activity decrease or myometrial 
activity duration will changed or myometrial activity 
frequency interacted [21], endometrium changed of 
vessels [15], altered hormonal response [21] mucus 
discharge stopping [22]. 

$ e result of identifi cation of Klebsiella pneumo-
niae partially agrees with Aziz et al. [2] who said the 
importance of this microorganism in fertility. $ e 
lower percentage of isolation of Klebsiella pneumonia, 
Pseudomonas aeruginosa, Proteus mirabilis and Strep-
tococcus faecalis due to it was considered as non-spe-
cifi c bacterium in genital system, so this may be the 
causative of lower isolation of those bacteria in puber-
tal age which related to decreases of natural mating 
with female than mature male. $ is type of bacteria 
is isolated in our result. $ is is fi t with the result of 
Al-Delemi et al. [1]. $ e recent work detected that the 
possibility of make mixed bacterial isolation from the 
same swabs, this is agree with Al-Delemi [5]. 

$ e E. coli isolated by Al-Delemi [5] a' er mat-
ting and describes it as a normal fl ora inside uterine 
cavity, its origin from digestive cavity and may trans-
ported into urogenital tract of the female [20]. $ is 
isolation of such bacteria is done in the recent study. 
Al-Zubaidi et al. [23] stated that the E. coli caused 
vaginitis and the intravaginal sponge do not change 
microfl ora of vagina. Esherichia coli and Pseudomonus 
aeruginosa maybe result during matting from semen 
contamination with feces [15], or it came from female 
a' er mating due to its origin from female genital sys-
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tem [1]. " is is the origin of the bacterial types in our 
study. " e release of Staphylococcus aureus in normal 
male semen with large number [16], also it had no 
pathological eff ect although of its high release [15], so 
it can easily identify in high level before or a$ er mat-
ting. " is may be explaining the higher percentage of 
isolation of such bacteria in our study. Al-Badry et al., 
[6] stated that this type of bacterium largely release 
with semen of ruminants without any clinical infec-
tions. " e isolation of Proteus mirabilis was fi rstly 
done in this study from external part of genital organs; 
this indicated the existence of such bacteria fl ora in 
male genitalia. " e bacterium may cause infl amma-
tion of female genital tract [24] in the she-camel. " e 
increase of bacterial isolation may be come from dam 
during pubertal periods that appear again during mat-
uration period [15]. " is type of bacteria needs to be 
studied more for its relation with genital infection of 
both male and female. " e isolation of Pseudomonus 
aeruginosa a$ er matting in the herein study was pre-
viously detected by Al-Delemi [5] as a normal fl ora in 
ruminants. Pseudomonus aeruginosa had no damage 
eff ect to the genital tract [2]. " is bacteria is isolated in 
the herein study. " e presence of this bacterium inside 
semen results in a low fertility in male, and there was 
a high correlation with sterility [16]. " e isolation of 
Streptococcus faecalis in high percentage in our study 
may came from infertility or abortion of the dam [15]. 
" e limitation of our study its need to study the eff ect 
of matting behavior and female genital eff ect on bacte-
rial contamination of external part of male. 

From above we concluded that the presence 
of bacteria inside prepuce of male genital system in 
both mature and pubertal age. " ere were a balance 
between genital immunity and localization of these 
bacteria and any stress factor may be lead to infection 
with these microbes. Moreover, the mature male had 
more bacterial types due to the male matting behavior. 
Finally the E. coli normally found as a normal fl ora in 
prepuce cavity of both ages and the Klebsilla species 
also founded as a non-specifi c bacterial type.

Animals and sample collection

Eighty swabs were taken from the prepuce of healthy male 
goats before slaughtering consisting of 50 samples from mature 
males (around 3 years) and 30 samples from puberty males (be-
low 1 year). " ese swabs were taken from the prepuce cavity a$ er 
disinfecting the prepuce orifi ce with ethyl alcohol (70%, France). 
Cotton swabs (Amies transport medium, China) were inserted 
inside the prepuce cavity and moved several times. " en, these 
samples were transported to a private laboratory.   

Isolation of bacteria

Media used to isolate the bacteria included sheep blood agar, 
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MacConkey agar, nutrient agar, eosin methylene blue agar, and 
brain heart infusion agar. " e media were incubated under aer-
obic conditions at 37ºC for 24 hours. " is was done according to 
the “Bergey's Manual of Systematic Bacteriology” [25]. 

Bacterial Identifi cation

For all types of bacteria, identifi cation was completed accord-
ing to the “Bergey's Manual of Systematic Bacteriology” [26] by 
culturing, biochemical tests, and morphological characteristics. 
" e observed characteristics of colonies on agar surfaces include 
color, size, consistency, pigment production, and shape. Cellular 
morphology was assessed by gram stain under a microscope. " e 
biochemical tests included catalase, oxidase, IMViC, TSI, coagu-
lase, urease production, gelatin liquefi cation, and hemolysis.

Identifi cation by PCR

PCR (PreciGenome, USA) was used to amplify Escherichia 
genus-specifi c gene 16S rRNA of E. coli. Primer pairs were used to 
identify the gene (F 5’-GACCTCGGTTTAGTTCACAGA-3’ and 
R 5’-CACACGCTGACGCTGACCA-3’). A total of 20 μl reaction 
mixture consisted of 3 μl genomic DNA, 10 μl PCR master mix 
(Promega, USA), and 1 μl of two primers. " e fi nal volume was 
adjusted to 20 μl with 5 µl of nuclease-free water. Initial dena-
turation was at 95°C for 5 min, denaturation at 94ºC for 45 sec, 
annealing at 55ºC for 45 sec, and extension at 72ºC for 60 sec. " e 
fi nal extension was completed at 72ºC for 5 min, and the reaction 
was performed in 30 cycles. Electrophoresis (Cleaver, UK) was 
conducted in 2% agarose gel at 100 v for 30 min. Staining was 
performed with ethidium bromide under a UV trans-illuminator 
according to Schippa et al. [27]. For K. pneumonia, the detection 
was performed by inf B1 gene using the primers (F 5`-CTC-
GCTGCTGGACTATAT TCG-`3 and R 5`-CGCTTTCAGCT-
CAAGAACTTC-`3). A reaction mixture of 25 μl contained 2 μl 
DNA, 1 μl of two primers, 12.5 µl master mix, and 8.5 µl nucle-
ase-free water. Initial denaturation was at 95ºC for 5 min, 30 cy-
cles at 95ºC for 0.5 min, 55ºC for 30 sec, 72ºC for 0.5 min, and 
fi nal extension at 72ºC for 7 min. " e PCR product was analyzed 
(PreciGenome USA) using gel electrophoresis (Cleaver UK) 1% 
agarose, was stained with ethidium bromide, and visualized with 
a UV illuminator. " is was completed according to Abd Alwahed 
et al. [28].

Statistical analysis

 Statistical analysis was performed using the Chi-square test 
to detect the variation between the percentages of groups at p < 
0.01 and p < 0.05. " is was performed using SAS [29].
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Sex has been reported to infl uence  the clinical chemistry of several species of fi sh. Whether sex impacts 

serum biochemistry composition and electrolyte profi le of Heterobranchus longifi lis is not well captured 

in the literature. # is study aimed to evaluate the impact of sex on the clinical chemistry composition and 

electrolyte profi le of hybrid catfi sh, Heterobranchus longifi lis. Blood samples were collected and biochem-

ically analyzed. # e analytes analyzed included alanine aminotransferase, alkaline phosphatase, aspartate 

aminotransferase, creatinine, total bilirubin, conjugated bilirubin, unconjugated bilirubin, serum protein, 

albumin, total cholesterol, high-density lipoprotein, low-density lipoprotein, triglyceride, and urea. Uric 

acid, bicarbonate, Chloride, Sodium, and Potassium from 40 healthy Heterobranchus longifi lis (20 males and 

20 females). # e males and females were not reproductively active at the time of sampling (None of the fe-

males had eggs). Most clinical chemistry analytes and electrolyte profi les of Heterobranchus longifi lis showed 

diff erences between male and female values even though only a few (alanine aminotransferase, aspartate 

aminotransferase, creatinine, triglyceride, and uric acid) were statistically signifi cant (p < 0.05). Based on 

the fi ndings in this study, we suggest that sexual diff erences aff ect the clinical chemistry and electrolyte 

profi le of Heterobranchus longifi lis. Hence, sexual diff erences should be taken into consideration during 

sampling in both natural and experimental studies in Heterobranchus longifi lis. 
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Introduction  

Fishes are increasingly getting more recogni-
tion as an economic and reliable source of 

quality protein of animal origin owing to their rich 
nutritional values [1]. Aquaculture is presently one of 
the fastest-growing sectors of the food production in-
dustry globally, taking about 50 % of the overall food 
supply [2]. Aquaculture is known to be one of the 
most effi  cient means of food production [3, 1]. Fish is 
widely consumed by a range of people, notwithstand-
ing their age, level of income, or health status [4, 2]. 
Heterobranchus longifi lis, on the other hand, has been 
documented to have the capacity for an effi  cient feed 
conversion rate [5]. Several criteria made H. longifi lis 
suitable for aquaculture, and these qualities include 
its capacity for high yield potential, fast growth rate, 
high fecundity, hardiness, and palatability [6]. Serum 
biochemistry analysis could help in identifying target 
organs of toxicity in addition to unraveling the gen-
eral health status of fi sh [7, 8]. Several scholars have 
reported that the biochemical parameters of fi sh have 
become useful tools for the determination of physio-
logical and pathological changes in diverse fi sh species 
[9, 10, 11]. # is is because these biochemical indices 
off er valuable information on the responses of fi sh to 
diverse ecological and physiological changes [5, 12, 8]. 
Additionally, several pathological changes are refl ec-
tedin serum chemistry long before the manifestation 
of clinical diseases [13, 8].

# e values of biochemical parameters are sub-
stantially infl uenced by several physiological factors, 
including the sex of the fi sh [14]. A study assessing 
serum chemistry parameters discovered that sex can 
induc some level of infl uence on some parameters of 
C. gariepinus [15]. Other scholars have repeatedly re-
ported that sex, age, diet, fi sh species and strains, nu-
tritional state, geographical location, disease, feeding 
regime, sexual maturity cycle, and seasonal variations 
in temperature and salinity, can strongly infl uence 
values of biochemical parameters and health status 
of fi sh [4, 5, 1, 11]. While several studies have eval-
uated the serum biochemistry of diff erent species of 
fi sh, there is limited information on variations in se-
rum chemistry and electrolyte profi le of H. longifi lis 
concerning sex. # e infl uence of sexual diff erences on 
serum chemistry analytes and electrolyte profi les in 
H. longifi lis may off er valuable baseline information 
that could enhance further studies on mechanisms 
associated with the infl uence of sexual diff erences on 
the biochemical parameters of fi sh. # is study aimed 
to evaluate the impact of sexual dimorphism on the 
serum biochemical and electrolyte profi le of hybrid 
catfi sh (Heterobranchus longifi lis).

Result

Mean Serum enzymes

Analysis of the serum enzymes results showed 
mean serum Aspartate Aminotransferase (AST) lev-
el of male H. longifi lis was higher with a mean val-
ue of 114.6 U/L compared to the females with mean 
serum AST value of 111.2 U/L while the mean AST 
value of both males and females combined was 112.9 
U/L (Fig. 1). For ALP on the other hand, the mean 
serum Alkaline Phosphatase level of the male H. lon-
gifi lis is not signifi cantly diff erent (p > 0.05), with a 
mean value of 37.8 U/L compared to the female with 
mean serum Alkaline Phosphatase value of 40.1 U/L 
while the mean Alanine Aminotransferase value of 
both male and female combined was 39.0 U/L. Even 
though there was no statistically signifi cant diff erence 
between sex, the ALP value of the females unlike AST, 
was slightly higher compared to that of the males. # e 
mean serum alanine Aminotransferase (ALT) level of 
the male H. longifi lis was however, signifi cantly high-
er (p < 0.05) with a mean value of 28.5 U/L compared 
to the females with a mean value of 18.5 U/L while the 
mean Alanine Aminotransferase value of both male 
and female combined was 23.5 U/L.

Mean serum Creatinine level

Analysis of the serum creatinine level showed 
serum creatinine level of male H. longifi lis was sig-
nifi cantly higher (p < 0.05) compared to the females 
with mean serum creatinine values of 50.7 µmol/L as 
against 44.5 µmol/L while the mean creatinine value 
of both male and female combined was 47.6 µmol/L 
(Fig. 2). 

Figure 1. 

Mean Aspartate Aminotransferase (AST), Alkaline 
Phosphatase (ALP), and Alanine Aminotransferase 
(ALT) from male and female H. longifi lis and com-
bined values, all in mg/dL
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Serum Bilirubin levels

Analysis of the results showed there was no statis-
tically signifi cant diff erence between male and female 
H. longifi lis in mean total serum bilirubin levels. # e 
male and female mean total serum bilirubin values 
were 14.0 mg/dL and 13.9 mg/dL respectively while 
the mean value of both males and females combined 
was 14.0 mg/dL (Fig. 3). # ere was also no statistically 
signifi cant diff erence between male and female H. lon-
gifi lis concerning  conjugated serum bilirubin (CSB) 
level, even though the males had substantially higher 
values compared to the females. # e male and female 
mean CSB values were 8.23 mg/dL and 6.12 mg/dL re-
spectively while the mean value of both males and fe-
males combined was 7.18 mg/dL. Statistical analysis of 
the unconjugated bilirubin results also showed there 
was similarly no statistically signifi cant diff erence (p 
> 0.05) between male and female H. longifi lis, even 
though the value was higher in females compared to 
males. # e male, female, and combined mean UCSB 
values were 5.77 mg/dL, 7.78 mg/dL, and 6.77 mg/dL 
respectively.

Figure 2. 

Mean serum Creatinine concentration from male and 
female H. longifi lis and combined mean serum Creati-
nine value

Figure 3.

Mean values of total, conjugated and unconjugated 
Bilirubin concentrations from male, and female H. 
longifi lis, and their combined mean values

Serum Protein and Albumin Levels

Statistical analysis of protein and albumin results 

Figure 4.

Mean serum total Protein and Albumin concentrations 
from male and female H. longifi lis and their combined 
mean values in g/dL.

showed there was no statistically signifi cant diff er-
ence (p > 0.05) between male and female H. longifi lis 
with regards to mean total serum protein level (Fig. 
4), even though the value was substantially higher 
in females compared to males. # e male and female 
mean total serum protein values were 53.0 g/dL and 
61.0 g/dL respectively, while the mean value of both 
male and female combined is 57.0 g/dL. Analysis of 
the albumin results showed no statistically signifi cant 
diff erence between male and female H. longifi lis, even 
though the value was higher in males compared to fe-
males. # e male, female, and combined mean serum 
albumin values were 24.5 g/dL, 26.2 g/dL, and 25.4 g/
dL respectively. 

Figure 5.

Mean serum Cholesterol concentration from male 
and female H. longifi lis and combined mean serum 
Cholesterol value

Total serum Cholesterol level

Results of serum cholesterol, as observed in this 
study, are depicted in Fig. 5. Analysis of the results 
showed there was no statistically signifi cant diff er-
ence (p > 0.05) between male and female H. longifi lis, 
even though the value was slightly higher in females 
compared to males. # e male and female mean total 
serum cholesterol and their combined values were 
2.42 g/dL, 2.62 g/dL, and 2.52 g/dL, respectively.
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Mean Serum High-Density Lipoproteins and 

Low-Density Lipoproteins Levels

Statistical analysis of lipoproteins results showed 
there was no statistically signifi cant diff erence (p > 
0.05) between male and female H. longifi lis in serum 
HDL levels (Fig. 6), even though the value was sub-
stantially higher in females compared to males. # e 
males and females had mean serum HDL values of 
1.35 mg/dL and 1.63 mg/dL, respectively while the 
mean value of both males and females combined was 
1.49 mg/dL. Analysis of serum LDL results, on the 
other hand, showed that there was no statistically sig-
nifi cant diff erence between male and female H. longi-
fi lis, even though the value was slightly higher in fe-
males compared to males. # e male and female mean 
LDL values and the combined values were 1.20 mg/
dL, 1.35 mg/dL, and 1.28 mg/dL, respectively.

Figure 6.

Mean High Density and Low-Density Lipoprotein levels from 
male and female H. longifi lis and their combined mean values

Mean Serum Triglyceride level

# e results of serum triglyceride levels in males, 
and females and their combined value are depicted 
in Fig. 7. Analysis of the results showed there was a 
statistically signifi cant diff erence (p < 0.05) between 

Figure 7.
Mean Triglyceride concentration from male and female H. longi-
fi lis and combined mean Triglyceride value

male and female H. longifi lis, with the females hav-
ing higher value (1.65 mg/dL) compared to the male 
with serum triglyceride values of 1.39 mg/dL, while 
the mean value of both male and female combined is 
1.52 mg/dL.

Mean Serum Urea and Uric acid Concentra-

tions

Mean serum urea and uric acid concentrations 
for males, females, and their combined value are 
shown in Fig. 8. Analysis of the results showed there 
was no statistically signifi cant diff erence (p > 0.05) 
between male and female H. longifi lis in serum urea 
concentration, even though males had slightly higher 
serum urea concentration compared to the females. 
# e male and female serum Urea concentrations were 
3.20 mmol/L and 2.90 mmol/L respectively while the 
mean value of both male and female combined is 3.05 
mmol/L. On the other hand, results showed a statis-
tically signifi cant diff erence (p < 0.05) between the 
concentration of serum uric acid in male and female 
H. longifi lis. # e male, female, and combined serum 
uric acid concentrations were 65.45 µmol/L, 71.87 
µmol/L, and 68.66 µmol/L respectively.  

Figure 8.

Mean Urea and Uric acid concentrations from male and 
female H. longifi lis and their combined mean values

Mean Serum Sodium and Chloride Concentra-

tion

Sodium and chloride concentrations for males, 
females and combined values are presented in Fig. 9. 
Statistical analysis of the results showed no statistical-
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ly signifi cant diff erence (p > 0.05) between male and 
female H. longifi lis in serum Sodium concentration. 
# e male and female serum sodium concentrations 
were 145.44 mmol/L and 139.12 mmol/L, respective-
ly, while the mean value of both males and females 
combined was 142.28 mmol/L. Even though there 
was no statistically signifi cant diff erence in Sodium 
concentrations between males and females, the mean 
sodium concentration of the males was slightly higher 
than that of the females. chloride results showed no 
statistically signifi cant diff erence between male and 
female H. longifi lis. # e male, female and combined 
serum Chloride concentrations were 109.27 mmol/L, 
102.0 mmol/L, and 105.64 mmol/L respectively. How-
ever, the mean Chloride concentration of the males 
was substantially higher when compared to that of the 
females.

Figure 9.

Mean serum Sodium and Chloride concentrations from 
male and female H. longifi lis and their combined mean 
values

Mean Serum Bicarbonate and Potassium Con-

centrations

Bicarbonate and potassium concentrations ob-
served in this study for males, females and combined 
values are shown in Fig. 10. Statistical analysis of se-
rum bicarbonate concentration results showed there 
was no statistically signifi cant diff erence between male 
and female H. longifi lis. # e male and female serum 
bicarbonate concentrations were 27.55 mmol/L and 
25.97 mmol/L respectively while the mean value of 
both male and female combined is 26.76 mmol/L. Al-
though there was no statistically signifi cant diff erence 
between serum bicarbonate concentrations of males 
and females, the mean serum Bicarbonate concentra-
tions of males were slightly higher compared to that of 
the females. For serum potassium concentration, on 
the other hand, there was no statistically signifi cant 
diff erence between male and female H. longifi lis. # e 
male, female, and combined serum potassium con-

centrations were 6.25 mmol/L, 5.10 mmol/L, and 5.68 
mmol/L respectively. # e mean potassium concentra-
tion of the males was higher compared to that of the 
females.

Figure 10.

Mean serum Bicarbonate and Potassium concentrations 
from male and female H. longifi lis and their combined 
mean values

Discussion
Fish are the largest and most extensively diversi-

fi ed species of aquatic organisms. Owing to their prox-
imity to the aquatic environment, alterations in their 
environment are rapidly expressed in their blood [16, 
11]. Diverse scholars are increasingly interested in 
the study of clinical chemistry characteristics of fi sh 
as they refl ect the overall health status of fi sh. # ese 
indices off er reliable insight into metabolic disorders, 
chronic conditions, and defi ciencies, before clinical 
manifestations [12, 16]. Several pathologic changes 
have been reported in serum chemistry long before 
the manifestation of any clinical disease [12, 16]. In 
this study, the mean serum AST and ALT of the males 
were signifi cantly higher compared to those of the fe-
males, while ALP was higher in females even though 
insignifi cantly compared to the males. # e observed 
diff erences in serum enzymes between males and fe-
males are in tandem with the fi ndings in other recent 
related studies, where diff erent species of fi sh were 
found to have diff erences in levels of these serum 
enzymes and attributed the diff erence to sex-linked 
physiological processes in the fi sh [5, 14, 12]. How-
ever, while few scholars [17, 13] found that AST and 
ALT were higher in females than males, the contrary 
was our fi ndings in this study. # e diff erences may 
not be unconnected with several physiological factors 
and environmental conditions and many other factors 
such as temperature and quality of the water manage-
ment practices at the time of such experiments, since 
fi sh are known to be in close proximity to their envi-
ronment [11].

Creatinine is excreted through the kidney, hence 
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an increase in the level of serum creatinine in fi sh 
refl ects severe kidney injury [14]. In this study, the 
mean serum creatinine levelwas higher in males than 
females, even though the diff erences were not statis-
tically signifi cant. $ ese fi ndings agreed with the re-
sults of earlier studies [17, 14], where male rainbow 
trout and Notopterus notopterus were reported to 
have higher creatinine levels than females. $ e over-
all creatinine levels in both males and females were 
not high, which indicates the normal function of the 
kidney in both males and females in this experiment. 
Bilirubin is a bile pigment synthesized endogenously, 
and its accumulation in the body could be toxic. An 
increase in the conjugated bilirubin concentration of 
serum refl ects a distorted balance between the rate 
of haem conversion to bilirubin and the capacity of 
the liver to produce conjugated bilirubin [18, 19]. In 
this study, total bilirubin and conjugated bilirubin in 
males were slightly (statistically insignifi cant) high-
er than in females, while unconjugated bilirubin in 
females was signifi cantly higher than in males. $ is 
study reported a higher level of unconjugated bili-
rubin in females, which is consistent with previous 
studies that female H. longifi lis had higher bilirubin 
levels than males [20, 5].

Changes in total serum proteins and albumin 
are known to be clinically relevant in establishing the 
health status of fi sh [21]. $ e total serum protein level 
is a critical and reliable indicator to evaluate the phys-
iological status, nutritional state, stress, and general 
well-being of fi sh [22]. $ e higher level of total se-
rum protein observed in females compared to males 
confi rms the fi ndings reported by Sharma et al. [21] 
and Jan and Ahmed [10], who found higher total 
serum protein in snow salmon and Schizothorax la-
biatus and Barilius bendelisis, respectively. Similar to 
the fi ndings of this study, other studies [23, 21] have 
reported higher albumin levels in Salmo trutta fario 
and beluga whale (Huso huso) males compared to 
females. However, the diff erences in albumin levels 
between males and females were not statistically sig-
nifi cant, and this has also been similarly reported in a 
related study [10]. $ ese diff erences in both total se-
rum protein and serum albumin have been attributed 
to feed intake, starvation, growth rate, andfeed con-
version rate [24, 25]. Total serum protein varies sea-
sonally between sexes [10].

Generally, cholesterol is vital for appropriate body 
function as it serves as a substrate for the synthesis of 
several crucial and active biological constituents, in-
cluding sex hormones [13, 21]. Several scholars have 
reported that seasons and rate of growth/stage infl u-
ence cholesterol levels [5, 10]. In this study, there was 
no signifi cant diff erence in cholesterol levels between 
males and females, even though that of the females 

was slightly higher compared to males. $ ese re-
sults confi rm the fi ndings reported in related studies, 
where cholesterol levels did not signifi cantly diff er be-
tween males and females. [5, 21]. In fi sh, lipid storage 
serves as the primary energy reserve, and fl uctuations 
in serum lipid levels in various fi sh species have been 
recorded [26, 21]. High-density lipoprotein choles-
terol could be determined directly from the serum 
by enzymatic techniques, using cholesteryl esterase 
and cholesterol oxidase methods [27]. In this study, 
there was no signifi cant diff erence in HDL between 
males and females, even though the HDL in females 
was slightly higher compared to females. In a relat-
ed study, Sharma et al. [21] reported similar fi ndings 
in male and female Barilius bendelisis from Central 
Himalaya, India. On the other hand, low-density li-
poproteins are recognized as mediators of cholesterol 
and cholesterol ester absorption in several fi sh tissues 
[14]. $ e higher LDL levels in females compared to 
males, as observed in this study, were also reported in 
an earlier study, and the diff erences were attributed to 
reproduction, maturation, and metabolic rate of the 
fi sh [21].

$ e level of triglyceride, in concurrence with oth-
er lipids, is valuable in the diagnosis of several condi-
tions, such as triglyceridemia, dyslipidemia and hy-
perlipoproteinemia [28]. $ e observed higher levels 
of triglyceride in females compared to males in this 
study are similar to the fi ndings reported in an earlier 
related study [21], where female Tench (Tinca tinca) 
had higher levels of triglyceride compared to males. 
$ e variations in the triglyceride between males and 
females were attributed to diff erent metabolic rates, 
feeding intensity, and seasons [29, 21]. $ e concen-
tration of urea in the blood is a refl ector of protein 
metabolism in the system [16]. In this study, the lev-
el of urea was higher in males compared to females, 
even though the diff erence was not statistically signif-
icant. Several researchers have also documented high-
er urea concentrations in males compared to females 
[14, 10]. Uric acid, on the other hand, constitutes a 
major water-soluble antioxidant in fi sh blood [30]. 
In this study, uric acid level was signifi cantly higher 
in females compared to males. $ is study appears to 
be the fi rst one that evaluates uric acid in male and 
female catfi sh, and the diff erences in uric acid levels 
between males and females could only be specula-
tively attributed to diff erences in the rate of excretion, 
mainly via the kidney, as well as from overproduction 
of uric acid owing to excess purine precursors synthe-
sis, turnover of cells [31].

Blood electrolytes such as Sodium (Na+), Potas-
sium (K+), Chloride (Clˉ), and Phosphorous (P) are 
common parameters employed in the determination 
of physiological states, toxicity, and health status of 
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Materials and Methods

fi shes, and their levels refl ect operations of diverse 
homeostatic mechanisms in fi sh [14]. In this study, 
Sodium, Chloride, Bicarbonate, and Potassium levels 
were higher in males than females, even though the 
diff erences were not statistically signifi cant. In a sim-
ilar study, Kulkarni [14] found that male Notopter-
us notopterus had lower levels of these electrolytes 
compared to males. $ e diff erences in the electrolyte 
levels were attributed to diff erences in sensitivity to 
environmental changes and strength [32, 14].

Conclusion

$ is study revealed for the fi rst time the eff ects of 
sexual dimorphism on the serum chemistry and elec-
trolyte profi le of male and female H. longifi lis.  While 
there is no signifi cant diff erence in the majority of an-
alytes, there were few signifi cant diff erences between 
males and females. Based on the fi ndings of this study, 
it is recommended that sex be considered in both nat-
ural and experimental investigations of serum chemi-
cal analytes and electrolytes in catfi sh.

Experimental catfi sh 

$ e 40 apparently healthy adult male and female catfi sh (20 
males and 20 females) weighing 1 kg to 1.3 kilograms used for the 
study were procured from a reputable catfi sh farm within the Jos 
metropolis with GPS Coordinates 9.851095 (N905113.9416411) 
and 8.923327 (E8055125.2188411) at altitude 1275 meters above 
sea level. $ e catfi sh had no physical deformity and were acclima-
tized for one week in a section of the farm in a 2000-liter plastic 
water tank before the onset of the study. $ e fi sh were exposed 
to natural light day and night without any artifi cial light. $ e fi sh 
were fed commercial pelleted diets (Coppens) daily in the morn-
ing and evening at 10% of their body weight. $ e water in the 
tanks was changed every three days through partial draining to 
ensure that clean water was maintained during the acclimatiza-
tion. For sampling, a handheld net was used to catch the fi sh from 
the tank without completely draining the water from the tank, 
and a so& , clean towel was used to hold the catfi sh in place during 
blood collection. 

Experimental design 

$ e 40 catfi sh were male and female. Following acclimatiza-
tion, blood samples were collected from 20 male and 20 female 
catfi sh. $ e water used before and during the study was borehole 
water used in keeping the fi sh on the farm. $ e study was conduct-
ed in June 2022, and the water temperature during the study pe-
riod ranged from 20°C to 24°C, pH ranged from 7.0 to 7.1, while 
the average environmental temperature was 26°C during the day 
and 18°C at night.

Separation of serum from the blood and analy-

sis

Blood samples collected from the caudal vein into non-hepa-
rinized tubes were immediately transported to the Microbiology 
and pathology laboratory of the Faculty of Veterinary Medicine, 
University of Jos, Plateau State, where they were centrifuged and 
the sera were harvested a& er centrifugation for serum chemistry 

analysis using an automated serum chemistry analyzer, Cobas 
C111 (Roche Diagnostics GmbH, Indianapolis, IN, USA).   

Statistical analysis

Data analysis was done using JMP statistical so& ware, version 
10. All data were found to have a normal distribution. Since two 
groups were compared, the student t-test was used to identify sta-
tistically signifi cant diff erences between males and females. Dif-
ferences between sexes were considered statistically signifi cant at 
p < 0.05. Results are expressed as the mean ± standard error (SE).
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In recent years, C. abortus, the etiological agent of ovine enzootic abortion, has been associated with many 

cases of lamb loss in sheep and goat farms in Iran. However, there is a lack of epidemiological data regarding 

Chlamydia-related abortion in this region. Accordingly, we aimed to investigate the prevalence of C. abortus 

and the associated risk factors in the small ruminants of Kerman Province, southeast Iran. For this purpose, 

we collected 134 vaginal swab samples from 70 sheep and 64 goats that had experienced abortion. Following 

DNA extraction from samples, we amplifi ed the POMP90-3 gene of C. abortus using PCR to confi rm C. 

abortus presence, and then one positive sample was selected for sequencing. " e results indicated an over-

all C. abortus prevalence rate of 21.6%, with 20.3% prevalence in goats and 22.8% in sheep. We observed 

a higher incidence rate in animals with a higher number of parturition; however, no signifi cant corelation 

was observed between the prevalence rate of C. abortus and species.  In addition, sampling location was 

considered a risk factor associated with C. abortus infection. " is study highlighted C. abortus as a threat to 

small ruminants' reproduction in Kerman Province, which deserves constant monitoring and multi-faceted 

preventive strategies.
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Introduction  

C. abortus, a Gram-negative bacterium belong-
ing to the family Chlamydiaceae, is an obli-

gate intracellular pathogen responsible for OEA or 
EAE. ! e disease burdens considerable economic loss 
in small ruminant farms if it aff ects enormous cas-
es called abortion storms [1-4]. C. abortus transmits 
through any environmental exposure to the bacteria 
released by infected animals, abortion materials, or 
post-partum secretions, which poses health concerns 
for pregnant women and wild animals [5, 6]. Spillover 
of C. abortus through domestic and wild animal res-
ervoirs has made controlling the disease diffi  cult [5].

In the initial stage of C. abortus infection, bacteria 
colonize in the lymphatic tissues and then disseminate 
to other organs, resulting in several implications, such 
as pregnancy loss (abortion) and birth to stillborn if 
the infection occurred in the late stage of pregnancy 
(5-6 months) [3, 7-9]. Otherwise, bacteria enter the 
latency phase and may cause abortion in the second 
year of pregnancy [10]. Various approaches are avail-
able for confi rming C. abortus in diagnostic laborato-
ries. Methods for the direct identifi cation of the agent, 
such as C. abortus isolation from clinical samples, 
staining the smears of fecal samples or vaginal swabs, 
and immunological staining of the organism, are ei-
ther outdated or non-convenient [11-15]. Serological 
tests, including CFT and ELISA, are used for the in-
direct diagnosis of C. abortus [16]. ! ese techniques 
identify the presence of chlamydial antibodies in the 
sera of infected animals. However, they have been re-
placed with molecular methods to improve the detec-
tion of C. abortus. Molecular identifi cation methods, 
such as PCR, real-time PCR, and DNA microarray are 
highly sensitive approaches due to targeting diff er-
ent biomarker sequences, namely conserved regions, 

EAE: Enzootic abortion of ewes 
CFT: Complement fi xation test 
ELISA: Enzyme-linked immunosorbent assay

Abbreviations-Cont'd

Result

Identifi cation of C. abortus

Among 134 vaginal swabs collected from sheep 
and goats, 16 sheep (22.8%) and 13 goats (20.3%) 
were confi rmed to be positive for C. abortus based 
on the amplifi cation of the POMP 90-3 gene (220 bp) 
in PCR (Figure 1). ! e PCR results were validated 
by sequencing and blasting one PCR product, which 
showed the highest similarity with the POMP 90-3 
gene of C. abortus that was previously registered on 
NCBI under the accession number ACD10929.1.

Prevalence of C. abortus infection

! e prevalence rate of chlamydiosis based on dif-
ferent variables, such as animal species, age, number 
of parturition, and the location was statistically ana-
lyzed in the aborted fl ocks of sheep and goats using 
the Chi-squared test (Table 1). According to the re-
sults, the prevalence of C. abortus varied in the dif-
ferent regions ranging from 0% in Bam city to 28.3% 
in Ba'  city. Our fi ndings revealed a signifi cant cor-
relation between the geographical area and the level 
of C. abortus in fl ocks (p = 0.03). ! ere was no signif-
icant relationship between C. abortus infection and 
animal species (sheep and goats) (p = 0.7), or the age 
of infected animals (p = 0.2). However, the number 
of abortions in infected animals had a signifi cant cor-
relation with parity (p = 0.001).

Figure 1.

! e agarose gel electrophoresis of the POMP 90-3 gene of C. 
abortus isolates.
M: 100 bp ladder; N: negative control (distilled water); P: 
positive control (C. abortus); lanes 1-17: test samples. ! e 
observation of a 220 bp band in a sample confi rmed C. abortus 
presence.

MOMP, POMP genes, or the intergenic 
space between the 16S and 23S rRNA 
genes [17-20]. 

Although C. abortus distributes 
worldwide, the reported distribution of 
C. abortus is far from the true infection 
prevalence [5] because of the variability 
in the sensitivity and specifi city of the di-
agnostic tests and a lack of C. abortus ep-
idemiological information, especially in 
developing countries in Asia and Africa 
[21]. OEA is endemic in Iran, and several 
studies previously reported the incidence 
of the disease in sheep and goats in some 

areas of this country [22-25]. In the present study, we 
attempted to investigate the prevalence rate and as-
sociated predisposing factors of C. abortus infection 
in aborted sheep and goats of Kerman Province in 
Iran to provide valuable insight into bacteria spill-
over in this region.
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Table 1.

Prevalence rate of C. abortus in sheep and goats from diff erent regions of Ker-
man Province, Iran

p-valuePrevalence 
(%)

Number 
of positive 

samples
No.Variables

Animal species: 

0.7b

22.81670Sheep 

20.31364Goat

21.629134Total 

Number of parturition: 

0.001a6.7459< 2

2510402 – 4

421535> 4

Age (yr):

0.2b

26.61245< 2

147502 – 4

25.61039> 4

City:                                             

0.03a

28.31760Baa"  

0010Bam

16425Bardsir

14.2214Kerman 

24625Shahr-e Babak

a: signifi cant diff erence (P < 0.05)
b: insignifi cant (P > 0.05)

Discussion
OEA is an infectious disease with clinical demon-

strations in small ruminants, such as sheep and goats 
[11]. Due to massive economic loss, chlamydial abor-
tion is a global concern in agricultural industries in 
Europe, North America, Africa, and Iran [21]. $ ere 
are various laboratory diagnostic techniques for sur-
veying the epidemiology of the disease, such as sero-
logical tests and basic detection methods, which pro-
vide less sensitivity and specifi city for the confi rma-
tion of microorganisms. However, molecular methods 
based on outlining specifi c genes can reliably identify 
and diff erentiate the chlamydial species [17]. 

In the present study, we identifi ed a high incidence 
rate of C. abortus infection in the Kerman Province 
of Iran, with ranges of 20.3% and 22.8% in goats and 
sheep, respectively. $ e results indicated that various 
factors, such as geographical location and the number 
of parturitions, could infl uence C. abortus infection. 
$ is observation also highlighted the need for con-
stant genetic and antigenic evaluation of abortion iso-

lates to establish national strategies for preventing the 
transmission of C. abortus in the future. 

$ e prevalence rate of C. abortus infection in 
small ruminants depends on many factors, including 
the geographical location, size and type of samples 
taken, animal breed, grazing and management strat-
egies, nutritional defi ciency, uncontrolled restriction 
of a diseased animal movement from infected areas, 
choice of diagnostic antigen, and studding method 
[18]. Moreover, aging, species, gender, number of 
parturition, and geographical region are reported as 
eff ective factors in the prevalence of C. abortus [25]. 
Most investigations on the prevalence of OEA in sheep 
and goats reported an average rate of 20%-37% in Iran 
[22-25]. In this regard, a survey showed a twice higher 
prevalence in Chaharmahal and Bakhtiari province. 
However, some other studies reported a low preva-
lence of 9% in the south to 11% in the northeast of 
Iran [26-28]. In neighboring countries, such as Iraq, 
Arif et al. recorded chlamydiosis in only one of the 30 
samples from the aborted ewes (3.3%) in Sulaimani 
province, which is far from the rate commonly report-

ed in Iran [18]. In the current study, we 
observed an overall C. abortus prevalence 
of 21.6% among the small ruminants of 
Kerman province, which was in agree-
ment with most available data in Iran. We 
also detected diverse incidence rates in 
diff erent cities, which is consistence with 
the sero-prevalence of C. abortus in the 
countries of origin Jordan [29] and China 
[30]. In contrast with our study, the inci-
dence rate of C. abortus infection showed 
no diff erence among populations located 
in diff erent epidemiologic areas of Kho-
rasan Razavi province, northeast of Iran 
[28]. Another research in the southwest 
of Iran also showed that the geographical 
origin of sheep had no signifi cant eff ect 
on the incidence of C. abortus [31]. 

Our fi ndings showed that chlamyd-
ial infection incidence was higher in 
ewes with a higher number of parturi-
tion. Other studies also reported similar 
results in Iran and Jordan [25, 29]. $ e 
establishment of the latent form of C. 
abortus pathogenesis in non-pregnant 
infected ewes and the bacteria reactiva-
tion and proliferation in the subsequent 
pregnancy might be the reason for the 
higher prevalence of infection in ewes 
with a higher parity [9].

According to Table 1, the age of an-
imals is not a predisposing factor for C. 
abortus prevalence. In agreement with 
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Sample collection

During the lambing season of 2022, 134 vaginal swab sam-
ples were collected from 70 sheep and 64 goats with a history of 
abortion in diff erent cities of Kerman province in the southeast of 
Iran. " e samples were suspended in 500 µl of sterile PBS and then 
transferred on ice to the Microbiology Laboratory at the Faculty of 
Veterinary Medicine of the Shahid Bahonar University of Kerman. 
" e samples were stored at -20°C for DNA extraction.  

DNA extraction

" e DNA was extracted from vaginal samples using DNA ex-
traction commercial kit (Cinaclon, Iran) according to the man-
ufacturer’s instructions. " e extracted DNA was quantifi ed by a 
NanoDrop spectrophotometer (Epoch, BioTek Instruments Inc., 
USA) at the wavelength of 260 nm, and stored at -20˚C for further 
analysis.

PCR verifi cation

To detect C. abortus, PCR was performed on the extract-
ed DNA to amplify the POMP 90-3 gene with specifi c primers 
(F:5'–TTTTCAGGATCCTATTGTCCTCCAGGCA–3' and R:5'–
GTGAATTCATCAGCATAAATAGCCCCG–3') [14]. " e PCR 
reaction mix was prepared at a fi nal volume of 20 µl, including 10 
µl master mix (Amplicon, Denmark), 4 µl template DNA, 0.5 µl 
of each forward and reverse primer, and 5 µl distilled water. " e 
amplifi cation was initiated with 3 min of denaturation at 95°C, 
followed by 35 cycles of denaturation at 95°C for 1 min, annealing 
at 60°C for 30 seconds, extension at 72°C for 1 min, and a fi nal 
extension at 72°C for 10 min. the PCR amplicons were visualized 
by agarose gel electrophoresis 1.5% and exposed to a UV light to 
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! is research aimed to fi nd a suitable formulation for rations containing Black soldier fl y larvae 

powder to support the optimal kampung hen production performance. Four to fi ve-month-old 

Kampung hens were given feed with diff erent amounts of black soldier fl y larvae powder (n = 4 

hens/treatment) to adjust protein and energy levels: R0 (commercial feed only, 17.53% protein, 

3067 kcal/kg), R1 (14% protein, 2600 kcal/kg energy), R2 (14% protein, 2800 kcal/kg energy), R3 

(16% protein, 2600 kcal/kg energy), R4 (16% protein, 2800 kcal/kg energy), R5 (18% protein, 2600 

kcal/kg energy), R6 (18% protein, 2800 kcal/kg energy), R7 (20% protein, 2600 kcal/kg energy), 

R8 (20% protein, 2800 kcal/kg energy), R9 (22% protein, 2600 kcal/kg energy), and R10 (22% pro-

tein, 2800 kcal/kg energy). We measured several performance parameters, including body weight, 

feed consumption, specifi c growth rate, feed conversion ratio, visceral index, intraperitoneal fat 

index, and tissue protein content. Results show that treatment R6 produced signifi cantly better 

overall performance (p <  0.05) than all other treatments except R5. Feed containing black soldier 

fl y larvae powder with 18% protein content and 2800 kcal/kg energy is an inexpensive and readily 

available way to support the maximum growth of Kampung hens.
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Introduction  

Good quality feed is a pivotal  factor determin-
ing the success of livestock production and 

constitutes a signifi cant portion of the costs in the 
livestock industry. In poultry farming, feed costs can 
account for 50-70% of the total operational cost [1]. 
" erefore, there is a need for cost-cutting methods 
that do not compromise on quality. Using high-quali-
ty feed has been demonstrated to enhance the produc-
tivity of Kampung chickens [2,3]. Good feed quality is 
determined by its ability to supply the animal's nutri-
tional requirements (i.e., protein, carbohydrates, fat, 
vitamins, and minerals). " e quality of the feed is also 
determined by its composition and balance of nutri-
ents [4]. Moreover, good quality feed must be avail-
able year-round to maintain optimal performance 
and production. Sustainable feed provision is reliant 
on the availability of raw materials.. Specifi cally, the 
raw materials of feed must be easy to obtain, relative-
ly cheap, not compete with human needs, and have a 
high nutrient content. Feed quality is directly related 
to feed effi  ciency. Optimization of feed effi  ciency is 
dependent on the formulation of balanced rations, es-
pecially concerning protein and energy. " e right bal-
ance between protein and energy in a ratio increases 
the effi  ciency of feed use by the animal, thereby reduc-
ing overall production costs [5].

Alternative raw materials for poultry feed that 
are cheap and readily available include components 
of agricultural or insect waste. According to van 
Huis [6], using insect proteins in feed is cost-eff ec-
tive and eco-friendly. Insects can quickly and easily 
be mass-produced and have a high feed conversion 
effi  ciency. Cultivation of insects could reduce the 
amount of organic waste that potentially pollutes the 
environment [7]. Furthermore, Veldkamp et al. [8] 
also reported that using insects as a protein source for 
feed was benefi cial because it does not compete with 
human needs. One insect that has been widely studied 
as a protein source in feed is the black soldier fl y (BSF) 
due to its high protein (40–50%) and fat (29–32%) 
content [9]. BSF larvae powder is a suitable alternative 
feed additive for broiler chickens [10–12], Jian carp 
fi sh [13], and quail [14–16].

Kampung chicken has low productivity but has 
high economic value, especially eggs and meat. " e 
demand for kampung chicken meat and eggs in Indo-
nesia has increased yearly. Fitri [17] reports that the 
consumption of Kampung chicken meat in 2015 was 
only 314 thousand tons (16%) of the total meat pro-
duction of 3.06 million tons, and in 2016 increased to 
26%. It is further stated that this demand will continue 
to increase in line with population growth and aware-
ness of the importance of organic food products. Ef-
forts are needed to increase the productivity of Kam-

Result

Eff ect of treatment on body weight

Table 3 and Figure 1a illustrate that the greatest 
change in body weight was obtained with R6, whereas 
treatment R0 elicited the smallest change. " e change 
in body weight obtained with R6 was signifi cantly dif-
ferent from all other treatments except R5.

pung chickens to meet this increasing demand. One 
way to increase the productivity of Kampung chickens 
is to provide quality feed according to the age of the 
chickens. Charlton et al. [18] analyzed the security of 
some insects as a source of protein in feed livestock, 
such as house fl ies (Musca domestica), Bluebottle fl ies 
(Calliphora vomitoria), blowfl ies (Chrysomyaspp), 
and BSF. " erefore, the present study evaluated the 
eff ects of feed containing BSF larvae powder as a pro-
tein source on the production performance of Kam-
pung hen.

Figure 1.

 A. Average increase in body weight (IBW; g/hen/week) during 
an eight-week observation period. B. Average feed consumption 
(FC; g/week) during an eight-week observation period. Diff erent 

letters (a,b,c,d,e,f) indicate signifi cant diff erences (p < 0.05).
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Eff ect of treatment on feed consumption

! e results showed that the diff erent feed treat-
ments had a signifi cant eff ect on the consumption of 
feed (p < 0.05). In particular, the consumption of feed 
R6 was signifi cantly higher than all others, while the 
consumption of R0 was signifi cantly lower. Impor-
tantly, heightened consumption of R10 was not fol-
lowed by a high growth rate (Table 3 and Figure 1b). 
Results of Amino acid analysis revealed that all the 
experimental feeds contained essential and nones-
sential amino acids, albeit at diff erent concentrations 
(Table 4).

Eff ect of treatment on SGR (Specifi c Growth 

Rate)

As with changes in body weight, the SGR of 
chickens treated with feed R6 was signifi cantly higher 
(p < 0.05) than all other feeds except R5 (Table 3 and 
Figure 2a).

Eff ect of treatment on FCR (Feed Conversion 

Rate) 

! e results showed the feed treatments had sig-
nifi cant eff ects on the FCR (p < 0.05; Table 3 and Fig-
ure 2b). Body weight Changes and SGR values are 

Table 3.

Amino acid analysis of the experimental feed

R10 (%)R9 (%)R8 (%)R7 (%)R6 (%)R5 (%)R4 (%)R3 (%)R2 (%)R1 (%)R0 (%)Feed

1.881.681.581.491.381.291.261.151.031.011.00Aspartic acid

3.783.433.373.463.332.892.762.612.541.741.68Glutamic acid

1.000.930.890.890.870.720.640.570.480.480.43Serine

1.321.291.261.211.241.130.940.880.830.810.77Glycine

0.910.900.820.770.790.810.780.700.630.600.54Histidine

0.880.820.780.700.750.790.720.690.700.660.67Arginine

0.920.850.830.810.820.750.660.710.680.590.53! reonine

0.830.800.780.750.760.690.540.570.520.480.41Alanine

1.371.211.201.181.151.201.120.950.920.900.84Proline

1.151.051.000.930.910.880.900.830.780.790.74Tyrosine

0.870.820.800.690.730.770.800.860.900.700.66Valine

0.810.760.720.670.710.700.650.600.520.470.50Methionine

0.710.680.630.600.590.540.500.520.420.370.31Cystein

0.880.830.800.800.790.760.820.800.730.700.67Isoleucine

1.511.381.321.361.301.291.301.301.221.171.01Leucine

0.880.770.750.720.690.670.700.670.560.570.52Phenylalanine

1.341.291.251.181.131.041.000.840.790.820.75Lysine

Analysis was performed by the Feed Science and Technology Laboratory, IPB-Faculty of Animal Husbandry, Department of Nutri-
tion Science and Feed Technology, Division of Feed Technology and Industry.

Figure 2.

A. Average SGR (%) during an eight-week observation period. B. 
Average feed conversion ratio (FCR; g/g)) during an eight-week 
observation period. Diff erent letters (a, b, c, d) indicate signifi -
cant diff erences (p <  0.05).  



51

RESEARCH ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Bana et al.IJVST 2023; Vol.15, No.3
DOI: 10.22067/ijvst.2023.79438.1204

Protein and energy for Kampung hen

Table 4.

Increase in body weight (IBW), feed consumption (FC), specifi c growth rate (SGR), 
and feed conversion rate (FCR) during an eight-week-observation period

FCR

(g/g)
SGR (%)FC (g/week)

IBW

(g/ week)Treatments

8.23 ± 0.47d1.59 ± 0.04a90.96 ± 0.31a83.87 ± 3.27aR0

7.22 ± 0.57c1.71 ± 0.08ab91.32 ± 0.06b95.44  ± 5.30bR1

6.66 ± 0.63bc1.81 ± 0.06b91.62 ± 0.09c105.09 ± 4.93bcdR2

6.58 ± 0.14b1.74 ± 0.08b91.85 ± 0.05de102.13 ± 3.94bcdR3

6.75 ± 0.13bc1.70 ± 0.08ab92.07 ± 0.12e97.81 ± 3.82bcR4

4.83 ± 0.19a2.15 ± 0.06c91.89 ± 0.14de144.25 ± 6.03fR5

4.77 ± 0.46a2.17 ± 0.10c91.90 ± 0.09de145.81 ± 14.29fR6

6.32 ± 0.34bc1.78 ± 0.12b91.75 ± 0.08cd105.75 ± 8.71bcdR7

6.14 ± 0.46bc1.84 ± 0.10b91.69 ± 0.20cd108.81 ± 8.64cdR8

6.10 ± 0.39b1.83 ± 0.08b91.92 ±  0.05de111.84  ± 7.07dR9

5.02 ± 0.33a2.05 ± 0.10c92.42 ± 0.05f133.31 ± 10.15eR10

Data in a column with diff erent superscripts (a, b, c, d, e, f) diff er signifi cantly (p < 
0.05). 

determined by the FCR, not feed 
consumption, as shown by the cur-
rent results (Table 3).

Eff ect of treatments on VSI (Vis-

ceral index)

' e VSI obtained with treat-
ment R6 was signifi cantly higher (p 
< 0.05) than that with all others ex-
cept R5 (Table 5 and Figure 3). ' is 
high VSI was due to the high body 
weight achieved by the end of the 
experimental period. While feed R0 
had the lowest VSI, it was not signifi -
cantly diff erent (p > 0.05) with R2, 
R3, or R7–R10.

Eff ect of treatments on IFI (In-

traperitoneal Fat Index)

' e IFI for treatment R10 was 
signifi cantly higher than all other 
feeds (p < 0.05; Table 5 and Figure 
4). ' e high IFI R10 indicated that 
a feed with 22% protein and 2800 

Table 5.

Visceral Index (VSI), Intraperitoneal Fat Index (IFI), and tissue protein 
content of each treatment

Tissue Protein 
Content (%)IFI (%)VSI (%)Treatments

21.48 ± 0.77e1.11 ± 0.05a8.07 ± 0.33aR0

17.83 ± 0.16a1.77 ± 0.08c9.39 ± 0.42cdeR1

19.49 ± 0.15bc1.43 ± 0.04b8.69 ± 0.78abcdR2

21.21 ± 0.86e1.66 ± 0.03c8.75 ± 0.35abcdR3

18.78 ± 0.16ab1.73 ± 0.02c9.15 ± 0.37bcdR4

26.36 ± 0.21g1.34 ± 0.03b9.55 ± 0.639deR5

 25.296 ± 0.50g1.39 ± 0.11b9.87 ± 0.94eR6

20.66 ± 0.13de1.68 ± 0.04c8.51 ± 0.59abcR7

24.39 ± 0.34f1.88 ± 0.10d8.21 ± 0.44aR8

19.85 ± 0.42cd1.91 ± 0.10d8.30 ± 0.37abR9

 19.79 ± 0.27bcd2.11 ± 0.09e8.18 ± 0.51aR10

Diff erent superscript (a, b, c, d, e, f, g) in the same column indicates data signifi -
cantly diff erent (p < 0.05). 

kcal/kg energy had excess nutrition for chickens during the growth phase, which was converted into intraperi-
toneal fat. R10 also had the highest feed consumption (Table 1), further contributing to the high IFI. ' is result 
was supported by the lower tissue protein content obtained with treatment R10 (Table 5). 

Eff ect of treatments on tissue protein content 

' e tissue protein content obtained with feed R5 was signifi cantly higher (p < 0.05) than all others except 
R6, while R1 produced the lowest (Table 5 and Figure 5).

Figure 3. 

Average visceral index (VSI; %) during an eight-
week observation period. Diff erent letters (a, b, c, d) 
indicate signifi cant diff erences (p < 0.05). 
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Discussion

Eff ect of treatment on body weight

! ese results are similar to a study by Abun et 
al. [19], who found that Kampung chickens fed 2750 
kcal/kg energy and 17% protein had the best produc-
tion performance. Similarly, Sidadolog and Yuwan-
ta [4] found the greatest change in body weight for 
Marawang chicks was with feed containing 18% crude 
protein and 2690 kcal/kg energy.

! e high increase in body weight with R6 cor-
responded to a low feed conversion ratio and high 
SGR. ! e lack of signifi cant diff erence in body weight 
change between R5 and R6 indicates that feeds con-
taining the same protein level likely result in similar 
changes in body weight, assuming the energy content 
is also balanced. However, diets with higher protein 
and metabolic energy levels did not necessarily equate 
to heavier body weight. ! is result indicates that op-
timum growth is obtained only with the right balance 
between protein and energy corresponding to the 
physiological condition of the animal, meaning the 
animal was able to maximize the conversion of con-

Figure 4. 
Average intraperitoneal fat index (IFI, 
%) during an eight-week observation 
period. Diff erent letters (a, b, c, d, e) 
indicate signifi cant diff erences (p < 
0.05). 

Figure 5. 

Average tissue protein content (%) 
during an eight-week observation 
period. Diff erent letters (a, b, c, d, e) 
indicate signifi cant diff erences (p < 
0.05).  

sumed feed into biomass [20]. ! is is in agreement 
with Tortora and Grabowski in Abun et al.  [19], who 
stated that the balance between the ratio of protein 
and energy and the presence of other nutrients in 
the feed plays an important role in maximizing body 
weight gains.

Protein quality is determined by the amino 
acid composition, especially the essential amino ac-
ids. Hence, the more complete and appropriate the 
amount of essential amino acids, the better the pro-
tein quality of the feed. In particular, methionine and 
lysine are the amino acids most needed for chicken 
growth; the reported maximal requirements of methi-
onine and lysine in poultry diets are 0.38-0.42% and 
0.8-1.0%, respectively [5]. ! ough experimental feed 
R6 contained 0.71% methionine and 1.13% lysine, 
other feeds contained higher levels. ! is suggests that 
higher concentrations of amino acids in the feed do 
not guarantee greater changes in body weight.

Eff ect of treatment on feed consumption

Increased consumption of R10 did not result in a 
high growth rate. ! is was likely due to its high FCR 
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Time and place of research

! is research was conducted in Kupang, East Nusa Tenggara, 
from July to November 2018.

Animal treatment

A total of 44 Kampung hens (Gallus gallus domesticus) aged 
4 to 5 months old were used. All Kampung hens were reared in-
house and individually placed in 50 × 50 × 70 cm cages contain-
ing bowls for feed and water. ! e Kampung hens received feed 
containing diff erent BSF larvae powder treatments (n = 4 hens/
treatment). Hens initially received 70 g of feed, and subsequent 
amounts of feed added were adjusted based on the remaining 
amounts of feed. Water was given ad libitum.

Experimental feed

! e raw materials present within the feed included BSF lar-
vae powder, cornmeal, soybean meal, tapioca fl our, fi sh fl our, rice 
bran, and premix. Premix Composition (in 10 kg): Calcium 4.500 
g, Sodium 800 g, Mangan 33 g, Phosphor 3.500 g, Magnesium 297 
g, Ferrum 44 g, Zincum 33 g, Cholin 750 g, Cobalt 100 mg, Cu-
prum 5.500 mg, Iodine 550 mg, Vitamin B1 1.500 mg, Vitamin A 
7.500.00 I.U dan Vitamin D3 1.500.000 I.U. Each ingredient was 
analyzed for its crude protein content and metabolizable energy 
(Bomb Calory Meter) [22,23], as a basis for formulating the feed. 
! e dried BSF larvae, cornmeal, soybean meal, and fi sh purchased 
from the marketplace are blended into fl our without reducing fat 
for BSF. BSF larvae and fi sh meal as a source of animal protein; 
soybean meal as a source of vegetable protein; Cornfl our, rice 
bran, and tapioca as a source of carbohydrates, and Premix as a 
source of vitamins and minerals. 

Experimental feed treatments included diff erent amounts of 
BSF larvae powder (R1–R10) to adjust protein and energy levels as 
follows: R0 (commercial feed without BSF larvae powder, 17.53% 

Materials and Methods

compared to R6. Such a high FCR indicates the limit-
ed ability to convert consumed feed into biomass and 
suggests protein and energy levels may be greater than 
the needs of the animal, with the excess being excreted 
as waste [5]. On the other hand, while consumption of 
feeds R3, R5, R6, and R9 was not signifi cantly diff erent, 
these feeds did result in diff erent body weight chang-
es. ! is indicates that body weight change did not di-
rectly correlate with feed consumption. Sidadolog and 
Yuwanta [4] stated that body weight correlates with 
feed conversion rate, not feed consumption.

Eff ect of treatment on SGR (Specifi c Growth 

Rate) 

SGR values were inversely correlated with the feed 
conversion ratio, where the lower the feed conversion 
ratio, the higher the SGR. Importantly, higher protein 
and energy levels did not guarantee a high SGR, indi-
cating that optimum growth was reached only when 
rations contained protein and energy levels appropri-
ate for the physiological conditions of the animal. ! is 
result was in agreement with the results of Abun et al. 
[19], who stated that an appropriate balance between 
protein and energy in the feed has a positive eff ect on 
growth.

Eff ect of treatment on FCR (Feed Conversion 

Rate) 

! e FCR represents the ability of the animal to 
convert consumed feed into biomass; a low FCR indi-
cates a higher ability to convert the consumed ration 
into biomass and vice versa. Feed R6 had a signifi -
cantly lower FCR than all others except R5, and the 
highest was obtained with R0. An FCR of 4.77 (R6) 
indicates that chickens consuming feed with 18% 
protein and 2800 kcal/kg energy needed to consume 
4.77 kg feed to increase their body weight by 1 kg. ! e 
absence of signifi cant diff erence between treatments 
R5 and R6 implies both produced the same change 
in body weight. ! is result is similar to that of Iskan-
dar et al. who obtained an FCR of 4.79 for Kampung 
chickens fed a ratio of 17% protein [21]. On the other 
hand, Mahardika et al. [5] obtained an FCR of 9.39 by 
feeding 10- to 20-week-old Kampung chickens con-
taining 18% protein and 2900 kcal/kg metabolic en-
ergy , which was also in accordance with a report by 
Sidadolog and Yuwanta [4]. 

Eff ect of treatments on IFI (Intraperitoneal Fat 

Index)

! ese present results were higher than the re-
sultsobtained by Iskandar et al. [21], who reported 
an abdominal fat index of 0.82% for Kampung hen. 
! is diff erence could be due to genetic diff erences in 

chicken strains that are related to protein and meta-
bolic energy level diff erences.

Eff ect of treatments on tissue protein content 

! e high tissue protein content with feeds R5 and 
R6 corresponded to their low feed conversion ratio 
and high increase in body weight. ! is indicates that 
a feed with 18% protein and 2800 kcal/kg contained 
the required nutrition, especially protein, that was op-
timal for Kampung hens during their growth phase. 
! is result was similar to that reported by Abun et 
al. [19], who stated that high protein quality aff ects 
muscle protein.

Conclusions

! e results of the present study showed that feed 
containing  BSF larvae powder at 18% protein and 
2800 kcal/kg energy (R6) contains balanced, adequate 
nutrition to support the optimal growth of Kampung 
hens. Based on the fi ndings of this research, using 
feed with 18% crude protein and 2800 kcal/kg of met-
abolic energy results in the optimal growth of kam-
pung hens.
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protein, 3067 kcal/kg energy), R1 (14% protein, 2600 kcal/kg 
energy), R2 (14% protein, 2800 kcal/kg energy), R3 (16% pro-
tein, 2600 kcal/kg energy), R4 (16% protein, 2800 kcal/kg en-
ergy), R5 (18% protein, 2600 kcal/kg energy), R6 (18% protein, 
2800 kcal/kg energy), R7 (20% protein, 2600 kcal/kg energy), 
R8 (20% protein, 2800 kcal/kg energy), R9 (22% protein, 2600 

Table 1.

Composition of feed 

ME 2800 kcal/kgME 2600 kcal/kgRaw material

(kg)

22%20%18%16%14%22%20%18%16%14%

211815129211815129BSF powder

25.4330.4735.5140.5545.5911.5116.5521.5926.6331.67Corn fl our

5555555555Soy fl our

5555555555Tapioca fl our

0.50.50.50.50.50.50.50.50.50.5Premix

11.959.507.064.622.1710.127.675.232.790.34Fish fl our

31.1231.5331.9332.3432.7446.8747.2847.6848.0948.49Rice bran

100100100100100100100100100100Total

2800280028002800280026002600260026002600ME, kcal/kg

22.020.018.016.014.022.020.018.016.014.0PC, %

ME = metabolizable energy; PC = crude protein

Table 2.

Proximate composition analysis of the experimental feed

% CF% CL% CP% OM% Ash% DMFeed

5.066.4416.76285.874.0789.94R0

14.164.8413.84082.147.5889.72R1

12.594.9114.12782.896.0988.98R2

12.574.6315.64581.967.3589.31R3

12.275.0315.82582.206.5888.78R4

14.908.4317.95181.358.6790.02R5

10.607.4417.74282.346.4488.78R6

14.038.2820.37581.448.0489.48R7

11.408.1719.86181.557.5989.14R8

13.638.2222.40180.159.2689.41R9

10.598.8722.67081.107.9089.01R10

Analysis was performed at the Nutrition and Livestock Feed Laboratory, Agriculture Polytechnic, 
Nusa Cendana University, Kupang. DM: dry matter, Ash, OM: organic matter, CP: Crude protein, CL: 
Crude Lipid, CF: Crude fi ber.

kcal/kg energy), and R10 (22% protein, 2800 kcal/kg energy).  Prox-
imate and amino acid analyses were performed on the formulated 
feed with the desired protein and energy levels. Feed composition, 
proximate analysis, and amino acid analysis results are shown in 
Tables 1, 2, and 3, respectively. # e duration of the experimental 
feeding period was a total of 8 weeks.
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In 2022, the trematode Plagiorchis noblei was isolated from a Horned owl (Asio otus) in Shahre-

kord city. ! is trematode was isolated from the small intestine of the Horned owl. ! e trematode 

was fi xed on a microscope slide and stained with Carmine acid. ! en the sample was examined 

with a stereomicroscope and identifi ed with the available diagnostic keys. Studies showed that 

this trematode belongs to the species Plagiorchis noblei. ! is parasite belongs to the Plagiorchii-

dae family, but so far this parasite has not been observed in owls in Shahrekord city. ! is parasite 

belongs to the Digenea order, which causes lung, digestive, liver and blood diseases in birds and 

other vertebrates.
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Introduction  

A special trematode species was fi rst isolated 
and identifi ed in the intestine of a Horned 

owl (Asio otus) in Shahrekord, Iran. Studies suggested 
that the trematode was from the genus Plagiorchis no-
blei belonging to the Plagiorchiidae family. " e pres-
ent case is the fi rst report of a Horned  owl infection 
with trematode P. noblei in Shahrekord. 

Raptorial birds represent the top predators in the 
food chain and contribute signifi cantly to the biolog-
ical balance of nature given their unparalleled role in 
a healthy ecosystem [1]. " ey prey on insects, small 
mammals, and other birds. Most owls are nocturnal 
and solitary animals. " e Horned owl, with the sci-
entifi c name Asio otus, is a native owl of Asia, North 
America, and Europe. Little information is available 
on the parasitic disease prevalence in the wild owl 
population. Although these birds are prone to parasit-
ic and other infections, they generally show no clinical 
symptoms [2].

Case Presentation

An infected Horned  owl was collected by the Gen-
eral Department of Environmental Protection and 
was transferred to the Veterinary clinic at Shahrekord 
University, and died a few days a# er treatment. " e 
owl was then dissected to isolate the digestive system, 
which was sent over to the Parasitology Laboratory at 
the Faculty of Veterinary Medicine, Shahrekord Uni-
versity. " e digestive system was cut open and its con-
tent was transferred into a petri dish. Distilled water 
was added to the petri dish, and the parasite was de-
tected and isolated using a stereomicroscope. Internal 
parasites were then isolated and placed in a glass con-
tainer containing 5% glycerol and 70% alcohol. " e 
trematodes were stained using carmine acid and were 
identifi ed using the available diagnostic key [3].

Discussion

" e identifi ed trematode belonged to the Plagior-
chis order, Plagiorchiidae family, and Plagiorchis ge-
nus. " e mature helminth was 1.70 mm in length and 
0.55 mm in width. " e  oral sucker of the parasite was 
almost spherical with a dimension of 220 × 270 µm 
(Figure 1). " e abdominal sucker was revealed to be 
160 × 190 µm. " e helminth had two spherical testes 
behind an ovary and belonged to the Digenea order 
known to cause various digestive, hepatic, pulmonary, 
and blood diseases in birds and other vertebrates. Pla-
giorchis is a genus from the Plagiorchiidae family and 
a parasite aff ecting most vertebrates, such as mam-
mals and birds.

Owls are valuable birds of prey playing the role of 
natural pest controllers. Similar to other birds, owls 
are prone to various infectious and non-infectious 
diseases, including bacterial (dermatophilosis), viral 
(Herpesvirus), and parasitic (Trichomonas) infections 
[4]. Mortality has been reported in birds due to in-
fection with the studied parasite. Infection with this 
parasite prevents weight gain and causes depression 
and, ultimately, death in birds [5].

Ethics and animal experimentation

All animal experiments were performed in strict 
accordance with the guidelines approved by the Ani-
mal Ethics Committee of the Shahrekord University 
of Shahrekord. Iran. 

Figure 1. 

Microscopic image of the Plagiorchis noblei in the intestine of 
Asio otus
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Abstract in Persian

بررسى انگل هاي مدفوعی حیوانات خانگی غیرمعمول ارجاعی به بیمارستان تخصصی 

دام هاي کوچک دانشکده دامپزشکی دانشگاه تهران، ایران

حیوانات خانگى، انگل هاى کرمى، ایمریا، کریپتوسپوریدیوم، هایمنولپیس، حیوانات خانگى غیرمعمول  

محیا نورمنور1، فاطمه عرب خزائلى2، امیر رستمى3، صدیقه نبیان2، فاطمه سیاره1

2023- Jun-12

2023- Aug-30

2023- Aug-06

1 دانشکده دامپزشکى دانشگاه تهران، تهران، ایران
2 گروه انگل شناسى، دانشکده دامپزشکى دانشگاه تهران، تهران، ایران

3 گروه بیمارى هاى داخلى، دانشکده دامپزشکى دانشگاه تهران، تهران، ایران 

حیوانات خانگى غیرمعمول، از پستانداران کوچک گرفته تا خزندگان، بخش قابل توجهى از مراجعان دامپزشکى را تشکیل مى دهند. 

عفونت هاى انگلى ممکن است براى حیوان و براى صاحب آن تهدیدى بالقوه محسوب گردند. این مطالعه با هدف بررسى انگل هاى گوارشى 

که در طب حیوانات غیرمعمول امکان مواجهه با آن ها وجود دارد، انجام گرفته است. به این منظور نمونه مدفوع حیوانات خانگى غیرمعمول 

جمع آورى و از نظر وجود اجرام انگلى به صورت ماکروسکوپى و میکروسکوپى با گسترش مرطوب، تغلیظ با کمک شناورسازى و رنگ آمیزى 

اختصاصى بررسى شدند. 300 نمونه مدفوع شامل 262 پستاندار کوچک، 37 خزنده و 1 پریمات مشتمل بر لاگومورفا (189/300؛ 63%)، 

جوندگان (300/68؛ %22.66)، خزندگان (189/37؛ %12.33)، جوجه تیغى (300/4؛ %1.3)، یک شوگرگلایدر و یک عدد مارموست در 

این مطالعه مورد نمونه بردارى قرارگرفتند. در مجموع 39 نمونه (%13) با حداقل یک انگل گوارشى آلوده بودند. انگل هاى مشاهده شده در 

این مطالعه شامل ااُسُیست، تخم هاى استرونگلى، تخم هاى اکسیورید (Passalurus ambiguous) و تخم هاى سستود بودند. یک نمونه 

از یک خوکچه هندى نیز آلوده به .Cryptosporidium sp تشخیص داده شد. با توجه به تغییر مداوم گونه ها و نیز منابع ناشناخته ى 

تهیه و تأمین حیوانات خانگى، و همچنین با درنظر داشتن احتمال بیماریزایى برخى گونه هاى انگلى براى انسان، بررسى دوره اى تنوع 

گونه اى حیوانات خانگى غیرمعمول شایع و آلودگى انگلى آنها اجتناب ناپذیر است. انگل هاى روده اى تحت بالینى در حیوانات خانگى 

ممکن است در صورت همراهى با مدیریت نامناسب، سلامتى حیوان همراه را متأثر نمایند. معمولاً در حیواناتى که علائم بالینى ندارند 

ارائه خدمات دامپزشکى  صحیح توصیه نمود. نیازى به درمان ضد انگلى وجود ندارد، اما مى توان آزمایش هاى دوره اى انگلى را براى 

* نویسنده مسئول: فاطمه عرب خزائلى
farab@ut.ac.ir
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Abstract in Persian

مداخله درمانى در لنفادنیت کازئوز با استفاده از تزریق داخل آبسه اى ازن یا پراکسید 

هیدروژن در نشخوارکنندگان کوچک

 آبسه، کورینه باکتریوم سودوتوبرکلوزیس، هیدروژن پراکسید، لنفادنیت، ازن، نشخوارکنندگان  

غلامعلى خورشیدیان1، رامین مرادى1، امید رجبى2، بهناز نوروزى4، مهدى عسکرى بدوئى3 ، کامران 
شریفى*1

2023- Apr-25

2023-Sep-30

2023- Jul-31

1 گروه علوم درمانگاهى،  دانشکده دامپزشکى دانشگاه فردوسى مشهد، مشهد، ایران.
2 گروه کنترل دارویى، دانشکده داروسازى، دانشگاه علوم پزشکى مشهد، مشهد، ایران.

3 گروه پاتوبیولوژى، دانشکده دامپزشکى دانشگاه فردوسى مشهد، مشهد، ایران.
4 مطب دامپزشکى خصوصى دکتر بهناز نوروزى، زیرکوه، خراسان رضوى، ایران.

لنفادنیت کازئوز بیمارى اى زئونوز با خسارت اقتصادى مهم در جهان است. فعلاً مداخلۀ جراحى و تخلیه آبسه تنها روش درمانى براى این 
بیمارى است. در این مطالعه کارایى درمانى تزریق داخل آبسه اى ” ازن در روغن زیتون“ و ”پراکسید هیدروژن در گلیسرین“ در لنفادنیت 
کازئوز بررسى شد. 180 راس گوسفند و بز مبتلا به لنفادنیت کازئوز به پنج گروه تقسیم شدند: 1) کنترل منفى 2) کنترل مثبتِ گروه 
1 (تزریق روغن زیتون) 3) کنترل مثبتِ گروه 2 (تزریق گلیسیرین) 4) تزریق ازن محلول در روغن زیتون 5) تزریق پراکسیدهیدروژن 
محلول در گلیسیرین. پیش از تزریق، نمونۀ محتویات از نزدیکى جدار آبسه براى کشت میکربى اخذ شد. حجم آبسه ها قبل از تزریق (زمان 
صفر)، و دو هفتۀ بعد (زمان 1)، و چهار هفتۀ بعد (زمان 2) اندازه گیرى شد. نتایجِ اندازه گیرى حجم آبسه در زمان صفر و زمان 2 به شرح 
زیر است: کنترل منفى ( 0/5 ± 2/9 ؛0/5 ±  3/5)،کنترل مثبتِ گروه 1 (0/7 ± 3/4؛ 1 ± 6/6)، کنترل مثبت گروه 2 (0/7 ± 3/1؛ 
0/9 ± 3/3)، گروه ازن (0/4 ± 3/3؛ 0/4 ± 0/4)، گروه پراکسیدهیدروژن (0/4 ± 4/6؛ 0/4 ± 1/5). نتایج نشان داد که حجم آبسه ها 
به میزان معنى دارى تنها در گروه هاى درمانى کاهش یافته است. کورینه باکتریوم سودوتوبرکولوزیس تنها در 48/3 درصد از نمونه هاى 
باکتریولوژیک جدا شد. نتایج نشان مى دهد که ”ازن در روغن زیتون“ و ”پراکسیدهیدروژن در گلیسیرین“ در تحلیل و پسرفتِ آبسه هاى 
لنفادنیت کازئوز کارآیى داشته اند. از نتایج چنین برمى آید که ازن در میزان و سرعت کاهش و پسرفت آبسه ها کارآیى بالاترى داشته است.

* نویسنده مسئول: کامران شریفى

shariffp@um.ac.ir  
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Abstract in Persian

شیوع عفونت کلامیدیا آبورتوس در گوسفند و بز سقط شده در استان کرمان، جنوب شرق 

ایران

PCR ،کلامیدیا آبورتوس، استان کرمان، نشخوارکنندگان کوچک 

سعیده افریشم1، مهدى گلچین*1، الهام محمدى1، ندا اسکندرزاده2، محمد على شمشیرگران1

2023- Jun-11

2023- Sep-30

2023- Aug-27

1گروه پاتوبیولوژى، دانشکده دامپزشکى دانشگاه شهید باهنر ،کرمان، ایران.
2گروه علوم پایه، دانشکده دامپزشکى دانشگاه شهید باهنر ،کرمان، ایران.

در  میر  و  مرگ  از  زیادى  موارد  با  گوسفند،  انزوتیک  جنین  سقط  عامل   ،(C. abortus) آبورتوس  کلامیدیا  اخیر،  هاى  سال  در 

مزارع گوسفند و بز در ایران همراه بوده است. با این حال، اطلاعات اپیدمیولوژیک کمى در مورد میزان سقط جنین مرتبط با کلامیدیا 

با آن در نشخوارکنندگان  و عوامل خطر مرتبط  آبورتوس  میزان شیوع کلامیدیا  بررسى  ما  اساس، هدف  این  بر  دارد.  ایران وجود  در 

کوچک استان کرمان واقع در جنوب شرقى ایران بود. براى این منظور 134 نمونه سواب واژینال از 70 گوسفند و 64 راس بزى که 

روش  از  استفاده  با  آبورتوس  POMP90-3 کلامیدیا  ژن  ها،  نمونه  از   DNA استخراج  از  آورى شد. پس  داشتند جمع  سقط جنین 

براى  آبورتوس 21/6%  است: 20/3 %  نتایج نشان داد که شیوع کلى کلامیدیا  باکترى تکثیر داده شد.  این  تایید حضور  براى   PCR

با این حال، تفاوت معنى دارى  با تعداد زایمان زیادتر مشاهده شد.  بزها و 22/8 % براى گوسفند. میزان شیوع بیشترى در حیوانات 

خطر  عامل  یک  عنوان  به  بردارى  نمونه  محل  این،  بر  علاوه  نداشت.  وجود  حیوانى  گونه  دو  در  آبورتوس  کلامیدیا  شیوع  میزان  در 

مرتبط با عفونت کلامیدیا آبورتوس در نظر گرفته شد. این مطالعه نشان داد که کلامیدیا آبورتوس به عنوان تهدیدى براى تولید مثل 

داد. نشان  را  پیشگیرانه  راهبردهاى  اعمال  و  مستمر  نظارت  ضرورت  و  شود  مى  محسوب  کرمان  استان  در  کوچک  نشخوارکنندگان 

* نویسنده مسئول: مهدى گلچین
golchin@uk.ac.ir 
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Abstract in Persian

یک مورد گزارش آلودگى جغد شاخدار به ترماتود Plagiorchis noblei  در شهرستان 

شهرکرد

Plagiorchiidae, Plagiorchis noblei ، ترماتود ، جغد شاخدار ، شهرکرد

نادر احمدى صالح بابرى1* ، ریحانه قاسمى2 ، نوید امامى3 ، هاجر سهرابى نیا3 

2023- Jun-20

2023- Sep-30

2023- Sep-19

1 گروه پاتوبیولوژى، دانشکده دامپزشکى، دانشگاه شهرکرد، شهرکرد، ایران.
2 فارغ التحصیل دکترى حرفه اى دامپزشکى، دانشکده دامپزشکى، دانشگاه شهرکرد، شهرکرد، ایران.

3 دانشجوى کارشناسى ارشد انگل شناسى دامپزشکى، دانشکده دامپزشکى، دانشگاه شهرکرد، شهرکرد، ایران.

در سال 1401 از یک قطعه جغد شاخدار (Asio otus) در شهرستان شهرکرد ، براى اولین بار یک گونه خاص از ترماتود شناسایى شد . 

این ترماتود از روده باریک جغد شاخدار ، جداسازى شد . پس از رنگ آمیزى ترماتود با اسید کارمن، بر روى لام میکروسکوپى تثبیت شد و 

توسط استریومیکروسکوپ ، مورد بررسى قرار گرفت و با کلیدهاى تشخیصى موجود شناسایى شد. مطالعات نشان مى دهد که این ترماتود 

متعلق به جنس Plagiorchis noblei مى باشد . تا به امروز حدود 6000 گونه از ترماتودهاى دیژنه آ، توصیف شده اند . این انگل متعلق به 

خانواده Plagiorchiidae مى باشد ولى تا کنون این انگل در شهرستان شهرکرد در جغد مشاهده نشده است و این گزارش، شرح آلودگى 

جغد شاخدار براى اولین بار به ترماتود Plagiorchis noblei در شهرستان شهرکرد مى باشد. این انگل متعلق به راسته دیژنه آ مى باشد 

که باعث ایجاد انواع بیمارى هاى ریوى، گوارشى، کبدى و خونى در پرندگان و سایر مهره داران مى شود. در ضمن، اطلاعات و داده هاى 

بیشتر درباره ى آلودگى موجودات یک اکوسیستم ما را در پیشگیرى از عفونت ، بقا و پایدارى موجودات آن اکوسیستم، یارى مى دهد

* نویسنده مسئول: نادر احمدى صالح بابرى
nahmadisaleh@gmail.com 
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    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 fi ndings in basic sciences, as well as applied veterinary 

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

3. ! e 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. ! ere 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).
• 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 identifi ed.
! e Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of 
publishing articles. ! e Copyright assignment form can be downloaded from the IJVST website.

SUBMISSION

Authors should submit their manuscript in electronic format directly through the IJVST website 
(ijvst.um.ac.ir) along with a letter to the editor signed by the author to whom correspondence should 
be addressed. Please ensure that Email addresses are university/governmental addresses and full 
postal addresses are included on the title page of the manuscript. ! e following fi les and forms can 
be downloaded from the IJVST website:
 Manuscript (template fi le can be downloaded from the IJVST website)
 Title page (template fi le can be downloaded from the IJVST website)
 Tables (template fi le can be downloaded from the IJVST website)
 Endnote manuscript library fi le (Vancouver style can be downloaded from the IJVST website)
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PREPARATION OF MANUSCRIPT

Manuscripts should be written in English, with Abstract in both English and Persian (where ap-
plicable), 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. 

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

Review Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, appropriate sections dependeing to the subject, Conclusions and future directions. Tables and 
fi gures should be appended as individual fi les. " e review article should provide an update on recent 
advances in a particular fi eld. 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, Introduction, 
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 fi gures. Tables and 
fi gures should be appended as individual fi les.

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

Title Page
Full Title Page should include title (concise and informative), author(s) (including the complete 

name, department affi  liation, and institution), running  head (condensed title) (≤ 50 characters, 
including spaces), name and address of the authors to whom correspondence and reprint requests 

 Copyright assignment form (can be downloaded from IJVST website)
 Confl ict of interest and author agreement form (can be downloaded from the IJVST website)

For further information, please contact the Editorial Offi  ce:

Iranian Journal of Veterinary Science and Technology
Email: ijvst@um.ac.ir; 
Tel: +98 51 3880-3742



IJVST 2023; VOLUME 15; NO. 3 Guide for Authors

Guide for Authors

68

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

should be addressed, Acknowledgements, Author contributions, and Confl ict of interest.

Acknowledgements: Personal acknowledgement, sources of fi nancial 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. # e 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/mate-
rials/analysis tools: HD. wrote the paper: SS, HD.

Confl ict of interest: All authors must disclose any fi nancial and personal relationships with other 
people or organizations that could inappropriately infl uence (bias) their work. Examples of poten-
tial confl icts of interest include employment, consultancies, stock ownership, honoraria, paid expert 
testimony, patent applications/registrations, and grants or other funding. If there are no confl icts of 
interest then please state ‘# e authors declare that there is no confl ict of interest’. # is 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, 

fi ndings and the conclusion made on the basis of the fi ndings. 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 keywords, fol-

lowing the abstract and preferably chosen from the Medical Subject Headings (MESH). Keywords 
should express the precise content of the manuscript.

Introduction
Introduction should be as concise as possible, and clearly explain the main objective and hypoth-

esis 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 empha-
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size 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 fi ndings and their limitations, relate the 
observations to other relevant studies, and links the conclusions with the goals of the study. Recom-
mendations, when appropriate, may be included.

Materials and methods
Materials and methods should be described in suffi  cient details to allow other researchers to re-

produce the results. Specify any statistical computer programs used .# e methods of data collection 
and use of statistical analysis will be checked by the referees and if necessary, a statistician. Drugs and 
therapeutic agents, reagents, so$ wares 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 (https://arriveguidelines.org/) 
guidelines and the authors should clearly indicate in the manuscript the ethical code of the study.

Gene names: # e standard gene names, as provided by HGNC (HUGO Gene Nomenclature Com-
mittee) 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 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 must be written following the reference:

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

# e following information must be provided in the section: 

Protocol for DNA/RNA extraction, including quantifi cation and determination of purity; 

Reverse transcription (if used): amount of RNA, concentration of all reagents: primers concentration (either random 
primers or oligonucleotides), reverse transcriptase and master mix components; 

qPCR: sequence of forward and reverse primers, probes, amplicon size, accession number of Genebank;
thermocycler parameters (i.e. denaturation, annealing and extension steps, number of cycles, melting curves); 
validation of PCR products; non-template controls for reverse transcription and qPCR should be included in all reac-
tions; and

Data analysis: details for the quantitative or relative analysis. 

Use of antibodies: Authors must show that the antibodies are validated and their specifi city sis con-



IJVST 2023; VOLUME 15; NO. 3 Guide for Authors

Guide for Authors

70

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

fi rmed. 

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 so" ware.

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 diagnosed 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 J, Forton J, # ompson 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 J, Winser S, Warrell D, Imray C, et al. Oxford handbook of expedition and wilder-
ness medicine. Oxford: Oxford University Press; 2015.

4. McLatchie GR, Borley NR, Chikwe J, 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; 62(1):112-6.

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.

Tables
Please submit tables as individual fi les 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 results shown 
in the table. Use of vertical rules must be avoided. Tables should be self-explanatory, and clearly ar-
ranged. Tables should provide easier understanding and not duplicate information already included 
in the text or fi gures. Each table should be typewritten with double spacing on a separate fi le and num-
bered 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 fi les (format: TIFF, Dimensions: Width: 789 – 2250 pixels 
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at 300 dpi Height maximum: 2625 pixels at 300 dpi, Resolution: 300 – 600 dpi, fi le size: less than 10 
MB, Text within fi gures: Arial or Symbol font only in 8-12 point). " e text and other labels should 
be placed in the fi gure as un-compressed layers. Each fi gure should have a title which is followed by 
explanation of results shown in the fi gure. Figures should be numbered in order of citation in the text 
with Arabic numerals.

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; 13(4):e1002128.

" e bar diagrams should be provided in color and in a well-designed and professional format. 
Please do not use diff erent shades of gray. " e axes of diagrams should have titles and units. Also, the 
source fi le 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. " e editors and publisher 
reserve the right to reject illustrations or fi gures based upon poor quality of submitted materials.

If a published fi gure is used, the publisher’s permission needs to be presented to the offi  ce, and the 
fi gure should be referenced in its legend. 

Use of Italics
 Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species 
scientifi c names (using the binomial nomenclature), should be typed in italics, while the fi rst letter of 
the genus name must be capitalized (i.e. Homo sapiens).
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PUBLICATION ETHICS 

Iranian Journal of Veterinary Science and Technology is aligned with COPE’s (Committee on 
Publication Ethics) best practice guidelines for dealing with ethical issues in journal publishing and 
adopts the COPE guidelines. ! e journal members (editor, editorial board and the journal manager) 
have agreed to meet the purposes and objectives of the Journal.

 

Ethical guidelines for authors:

Authorship Criteria
IJVST requires authors to confi rm that they and their co-authors meet all four criteria for author-

ship based on the guidelines of ! e International Committee of Medical Journal Editors (ICMJE) 
(verbatim as follows):

1. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or 
interpretation of data for the work; AND 
2. Dra# ing the work or revising it critically for important intellectual content; AND 
3. Final approval of the version to be published; AND 
4. Agreement to be accountable for all aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately investigated and resolved.

! e section “Author Contributions” in the manuscript should illustrate and clarify who contribut-
ed to the work and how. If a contributor does not meet all four above criteria should be acknowledged 
in the “Acknowledgements” section of the article.

Author agreements and confl ict of interest
Written authorization from all authors for publication of the article is mandatory for IJVST to start 

the review process. ! is form entitled “Confl ict of interest declaration and author agreement form” 
must be signed and completed by all authors. ! is statement and signatures certifi es that all authors 
have seen and approved the manuscript being submitted. Also, the authors by signing this form war-
rant 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 corresponding author shall 
bear full responsibility for the submission.

Editors and members of editorial board as authors
Editor and members of editorial board are excluded from publication decisions when they are au-

thors or have contributed to a manuscript.
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Ethical guidelines for Peer reviewers
Iranian Journal of Veterinary Science and Technology (IJVST) follows and adheres to COPE Eth-

ical Guidelines for Peer Reviewers.  IJVST peer reviews all submitted manuscripts with contents in 

the scope of the journal. ! e process has been explained in the section “Peer Review Process”. 

 

Ethical guidelines for Editor
Iranian Journal of Veterinary Science and Technology regarding the responsibilities of the editors 

follows and adheres to COPE Ethical Guidelines for editors.  ! e main guidelines are summarized in 

the guide to ethical editing from COPE. 
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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 
! e 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 fi ndings to the scope of the journal and quality of 

the science presented in the paper (suffi  cient originality, having a message that is important to the 

general fi eld 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 scientifi c 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
! e initial screen will be performed by the editorial offi  ce for the structure and format of the manu-

script. 

Peer review (double-blind)
! e manuscripts which are found to be appropriate a$ er the initial screen will be sent for external 

review by experts in the related fi eld. We have prepared a checklist for reviewers that summarizes 

their evaluation of the manuscript. ! e 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 suffi  ciently explained and is detailed enough to be reproduced. 

5. RESULTS are clearly presented and supported by fi gures 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 fi nal decision is made by the editor and if needed the help 

of a member of the editorial board (depending on the fi eld of study). Decisions will include accept, 

minor revision, major revision with and without re-review, and reject. We aim to reach a fi nal decision 

on each manuscript as soon as their review results are available.
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