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Forage for Pre-weaning Calves: An Update

Nikkhah A and Alimirzaei M.
World Vet. J. 12(2): 123-127, 2022; pii:S232245682200015-12

DOI: https://dx.doi.org/10.54203/scil.2022.wvj15

ABSTRACT: Forage nutrition for pre-weaning calves hosts numerous practical questions and on-farm challenges. The
present review article aimed to update and address the biological consequences of forage provision to pre-weaned dairy
calves. Health, nutrient intake (milk plus solid feed), and rumen development are the most important factors related to
calf growth in pre- and post-weaning periods. A growing body of evidence suggests that the health and growth
performance of dairy calves in the pre-weaning period are associated with their later performance as dairy cows. It seems
that starter feeding strategies, including grain type, processing method, feed texture, and forage inclusion during the
critical pre-weaning period may have profound effects on rumen function and calf performance. It is well understood that
grain fermentation by-products are essential for increased growth and absorptive capacity of the rumen papillae. Forage
provision as a part of a starter diet has been a topic of recent research. The rumen pH is the main factor altering the fate
of fermentation and eventually animal health. In the pre-weaned calf, two major hypotheses exist regarding forage
feeding. The first hypothesis describes that the rumen is not completely developed in pre-weaned calves and forage
provision during this period might increase gut fill, and hence, decrease starter intake. It is believed that depressed
starter intake may limit energy intake and finally suppress calf growth rate. The second hypothesis indicates that the
rumen pH may decline as calves age and starter intake increases. Accordingly, forage inclusion in calf starter diets could
prevent further rumen pH decline and subsequent negative consequences while improving starter intake and calf growth.
Research data regarding these hypotheses are controversial. Many factors, such as milk feeding method, grain, forage
type, and experimental conditions could affect calf responses to dietary forage. The current review focused on the
biological consequence of forage provision to young calves to provide a practical framework for better use of forages in
pre-weaned calves feeding programs.

Keywords: Forage, Growth, Pre-weaned calf, Rumen development

[Full text-PDF]

The Use of Soft Contact Bandage Lenses for Corneal Ulcer in Dogs and Cats: A Review

Pratumjorn N, Pumipuntu N, Kusolsongkhrokul R, and Lorsirigool A.
World Vet. J. 12(2): 128-132, 2022; pii:S232245682200016-12

DOI: https://dx.doi.org/10.54203/scil.2022.wvjl6

ABSTRACT: A corneal ulcer is the characteristic of the destruction of the
corneal epithelium layer and loss of the stroma layer at various depths.
At present time, soft bandage contact lenses are used in many countries
for corneal ulcers in dogs and cats to protect their cornea, increase
contact time with topical eyes solutions, and support corneal
reepithelialization. This article aimed to review information on the use of \
soft contact bandage lenses to treat corneal ulcers in dogs and cats The Use of Soft Contact Bandage Lenses for Comedal Ulker in Dogs and Cats
interms of their efficacy and precaution. The results of the present review

have revealed that soft contact bandage lenses are used t0 Protect the e e oy o2 The s ofSot ContactSandage Lenses or Comest
cornea, enhance contact time with topical eye treatments, reduce median

healing time, and provide comfort in dogs and cats with corneal ulcers. In the case of serious infections and dry eyes, soft
contact bandage lenses are not recommended.

Keywords: Corneal ulcer, Incidence, Soft contact bandage lenses, Treatment

[Full text-PDF]
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The Impact of Black Soldier Fly (Hermetia illucens) as Feed Supplementation on
Productive and Physiological Performance of Broiler Chickens

El-Kaiaty AM, Atta A-E-R.M, Dawa DT, and El-sayed TR.
World Vet. J. 12(2): 133-140, 2022; pii:S232245682200017-12

DOI: https://dx.doi.org/10.54203/scil.2022.wvjl7

ABSTRACT: A total of 450 broiler chicks (Ross 308) were used to
evaluate the effect of different inclusion levels of a partially black soldier

fly (BSF), BSF Powder (BSFP), BSF Puré (BSFPr), and BSF frozen whole Performance

larvae (BSFL) on the growth performance, blood parameters, humoral 8sF

immune response, and intestinal bacterial count of broiler chickens. The ”‘“’“"

chickens were reared from day 1 to 35 and assigned to the control and 9 — E

dietary groups with different forms of BSF (3 replicates per group with 15 “"

chicks). Black soldier fly was included at levels of 2%, 4%, and 6% for Mest Qualtyait é ——
BSFP, BSFPr, and BSFL, respectively, in the starter and growing diets.

The results indicated similar body weight, weight gain, and the growth .,
rate in chickens fed 4% BSFP, and 2% BSFPr during the experiment. @

Microbiology

SR A R = K o O e T OGN T et o Bt FOA Y VG W U e S s
d Vet. 1, 12 (2): 133-140. 0O

There was a marked difference in blood parameters due to the different
BSF forms and included percentages. The humoral immunity antibody
titers against the Newcastle disease virus fluctuated among the experimental groups of different ages. Finally, it could be
concluded that the BSF can be incorporated at a level of 4% in the form of powder and Puré in a broiler diet which
seemed to be adequate to achieve the favorable results in growth performance, blood parameters, immunity, and
bacteriological examination.

Keywords: Black soldier fly, Insects, Black solidier fly powder, Humoral immune response, Soybean substitution

[Full text-PDF]
Nutritional Content of Adult Norway Rats for Small Carnivores’ Feeding

Delboy NMB.
World Vet. J. 12(2): 141-150, 2022; pii:S232245682200018-12

DOI: https://dx.doi.org/10.54203/scil.2022.wvj18

ABSTRACT: Rats are the natural diet of many free-ranging carnivores.
They are also fed to small carnivore mammals, raptor birds, and reptiles
in captivity as a sole or partial diet, however, little is known about the
nutrients that a rat can provide as animal feed. This study aimed to
determine the nutritional content of the whole captive-bred Norway rats.
A total of 12 randomly selected weaned male and female Wistar Norway
rats were fed ad libitum with a local dry dog food diet. The rats were
weighed weekly until an average weight of 300 g was reached.
Biochemical and mineral analyses were carried out for each rat. The
results of the study showed significant differences between male and
female rats in terms of growth rate, crude protein, total fat, and calcium
concentrations. Males presented a faster growth rate and reached the iy !
desired weight in around half the time (6 weeks), compared to females ...wow wores Foeiog. Word

(13 weeks). Moreover, males had a higher percentage of crude protein """

(23.57%) on a fed matter basis, calcium (2.61%), and phosphorus (0.98%). Females showed higher total fat (13.92%)
and lower crude protein (19.49%), calcium (0.54%), and phosphorus (0.47%), compared to males. The results of this
research may be used to determine whether a whole rat can provide all the necessary nutrients to carnivore animals
commonly kept in captivity. Present findings indicated that rats could provide the necessary nutrients, however, if given
as a sole diet, they could not be enough to supply the nutritional requirements of animals in the long term.

Keywords: Carnivore nutrition, Norway rats, Nutritional Content, Wistar rat

[Full text-PDF]
Identification of Blood-sucking Flies of Bats in Lombok Island, Indonesia

Kholik Kh, Atma CD, and Ningtyas NSI.
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DOI: https://dx.doi.org/10.54203/scil.2022.wvj19 Bat cave mond“;‘kinn

B R ) ) \j = *» flies as a vector of
ABSTRACT: Bats and blood-sucking bat flies have an important role in | gucavelocations on Lombok i‘ hemoparasites
transmitting several hemoparasites. Bat flies have been identified as Bats from bat caves s
vectors transmitting hemoparasites from wild bats. The purpose of the | Batand bac fies can influence the transmission of

hemoparasites to human and the other hosts Human population

present study was to identify bats and their blood-sucking flies as
vectors of hemoparasites in bat caves located at Lombok Island, =~ = it st s e s i
Indonesia. In the course of the study, a survey was conducted on three 2@ s oot

bat caves from September to December 2018. The bats were captured by a net trap and the species of bats and bat flies
were identified. A total of 66 captured bats were identified as Hipposideros species (n = 28), Eonycteris spelaea (n = 23),
and Taphozouss species (n = 15). The blood-sucking flies were identified as Eucampsipoda sundaica on Eonycteris
spelaea, and Stylidia cf. euxesta, Brachytarsina species, Raymondia species, and Megastrebla nigriceps on Hipposideros
species. The results showed that five species of blood-sucking flies were present in captured bats. The bat and blood-
sucking flies can influence the transmission of Polychromophilus species, Babesia species, Plasmodium species, and
Trypanosoma species to humans and other hosts.

Keywords: Bats, Blood-sucking flies, Hemoparasites, Lombok, Vector

[Full text-PDF]

Effect of Labazyme on Growth Performance, Physiological Parameters, and Economic
Efficiency of Broiler Chickens

Abdulwahid AS, Mohammed AB, Raouf SM, and Aljumaily TKhH.

World Vet. J. 12(2): 156-163, 2022; pii:$232245682200020-12

DOI: https://dx.doi.org/10.54203/scil.2022.wvj20

ABSTRACT: Enzymes have a significant positive effect on nutrient = - : : —
digestion, feed efficiency, and growth rate of poultry. The current v e
experiment aimed to determine the optimal dosage levels of Labazyme S -

as feed additives. A total of 240 one-day-old broiler chickens (Ross 308) ;g?“:f’"‘;:::
were randomly assigned to four groups with three replicates. The feeding L1 m-'*“-*mi'mwms
experiment was carried out from hatching to day 42 of age. Three Reuts
experimental groups contained Labazyme at 0.5, 1, and 1.5 mg/kg of the
total diet. The control group received a basal diet. Growth performance,
European performance efficiency index (EPEI), production index (PI),
biochemical and lipid profiles, as well as antioxidant parameters were
then measured. The results showed that chickens fed Labazyme o v o i s e
supplementation (1 and 1.5 mg/kg) had a higher growth performance

than those in the control group. Nonetheless, there was a significant difference between the Labazyme and the control
group in terms of feed intake. In addition, Labazyme groups had a significantly positive effect on broiler economic scores.
The EPEI and PI of the Labazyme-fed chickens were both higher than the control. There was a non-significant difference
in total protein, albumin, globulin, and uric acid. The serum glucose level of the chickens fed Labazyme (1 and 1.5 mg/kg)
was lower, compared to the control group. In contrast, chickens that consumed a diet supplemented with Labazyme 1 and
1.5 mg/kg indicated lower serum cholesterol, triglyceride, low-density lipoprotein, and very-low-density lipoprotein levels
in broilers, compared to the control group. Serum high-density lipoprotein levels were improved and more pronounced in
chickens fed Labazyme, compared to the control group. In conclusion, the results of the current study indicated that
supplementation of Labazyme could help the improvement of growth performance, lipid profile, and profitability of broiler
chickens.

Keywords: Broiler, Labazyme, Lipid profiles, Production index

wth Performance, Physiological Parameters,

[Full text-PDF]

Molecular Diversity and Histopathological Findings of Novel Bovine Viral Diarrhea Virus
Strains Isolated from Bull Semen

Abd El-Hafeiz YGM, EI-Mohamady RS, Behour TS, Azab AMS, Assi MMA, Badr MR, Dohreig RA, Gamal IM, and Hassan HM.
World Vet. J. 12(2): 164-174, 2022; pii:$232245682200021-12

DOI: https://dx.doi.org/10.54203/scil.2022.wvj21

ABSTRACT: Bovine viral diarrhea virus (BVDV) is one of the most common viral pathogens affecting the cattle industry
worldwide. The present study aimed to molecularly characterize BVDV isolates that are currently circulating in breeding
bulls farmed with cattle suffering from reproductive disorders, and also to assess the consequences of BVDV infection on
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bulls’ semen quality and conception, and its pathological effects on the
structure of testicular tissue and spermatozoa. For this purpose, semen,
serum, and testicular samples were collected from four breeding bulls in
four private dairy farms in the governorates of Kafr-El Sheik, Beni-Suef,
Giza, and Assuit, in Egypt from April 2019 to May 2020. An evaluation of
sperm abnormalities was carried out by assessing the integrity of the
plasma and acrosomal membranes where severe damage and
abnormalities were found. Ultrastructure analysis of the spermatozoa by
transmission electron microscopy revealed the presence of a swollen
plasma membrane with segmented outer acrosomal membrane of
spermatozoa and vacuolar degenerated mitochondria. Histopathological BVDVv strains isolated from bull semen
examination of testicular and epididymal tissues indicated MOAEIAtE TO Gy sopmiosen foines ot v oine Vs lhes Vs i somied Fom bl Smen s et 1. 101 SEx178
severe degenerative effects of virus infection on seminiferous tubules *

with hypospermatogenesis. By detection of virus antigen in the serum samples using ELISA, bulls were identified as
persistently infected with BVDV. Virus isolation revealed four noncytopathic (NCP-BVDV) strains that were confirmed by
fluorescent antibody technique (FAT) and amplification of the 5’ untranslated genomic region (5'UTR) and molecularly
typed by amplification of the Erns glycoprotein region. Isolates’ Phylogenetic analysis revealed two subgenotypes: BVDV-
1b (Genbank accession numbers; LC634512, LC634513, LC634515) and BVDV-1d (LC634516). According to the
knowledge of the authors of the present study, the circulation of the BVDV-1d subgenotype is not reported in Egypt.
Therefore, it would be of great importance to track circulating strains in specific countries for successful vaccination
programs or accurate diagnostic tests, and this necessitates regular updates.

Keywords: BVDV, Isolation, Spermatozoa ultrastructure, Sperm abnormalities, Testicular histopathology
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Growth, Laying, and Survival Rates of the Galba truncatula Snails Infected with
Fasciola hepatica

Aimeur F, Mekroud M, Khelifi-Touhami NA, Titi A, Ouchene N, and Mekroud A.
World Vet. J. 12(2): 175-180, 2022; pii:S232245682200022-12

DOI: https://dx.doi.org/10.54203/scil.2022.wvj22

Study of growth, laying
and survival rates of
snails

in ruminants in Algeria, of which the intermediate host is Galba
truncatula (G. truncatula) snail. The current study aimed to investigate
the prevalence of Fasciola sp. in naturally infected G. truncatula snails
using multiplex PCR. Secondly, it was targeted toward examining the
rate of growth, survival, and laying of the snails in experimental
conditions during 6 weeks of rearing in three tanks. This study was
conducted in two different regions of Algeria, namely El Tarf and N
Constantine. The investigated tanks 1, 2, and 3 consisted of 12 (size 3-4
mm), 30 (size 5-6 mm), and 30 (size 7-8 mm) snails, respectively.
Fasciola sp. DNA was detected in 33.33% of G. truncatula snails (25% in
Constantine and 42.85% in El Tarf). The total survival rates in the first, second, and third tanks were 50%, 43.3%, and
40%, respectively. The obtained results indicated that the growth rate of the snail depended on its initial size (the smaller
the initial size, the higher the weekly growth rate). The total growth rates were 3, 1.7, and 1.1 mm in tanks 1, 2, and 3,
respectively. The use of multiplex PCR indicated a relatively high level of infestation of the snails by Fasciola sp. Snails
larger than 7 mm had the highest lay rate. Further studies are needed to investigate other snails that may be infested
with Fasciola sp.

Keywords: Fasciola, Galba truncatula, PCR multiplex, Snail

ABSTRACT: Fasciolosis is one of the most important parasitic diseases |§'.:L‘Zf;‘;”,’,,°.‘;.2'::a‘;::.‘:n,
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Parascaris equorum in Horses of Payakumbuh City, West Sumatra, Indonesia

Parascaris equorum in Horses of Payakumbuh City,
West Sumatra, Indonesia

Zelpina E, Sujatmiko S, Silvia Noor P, and Lefiana D.

World Vet. J. 12(2): 181-185, 2022; pii:S232245682200023-12
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ABSTRACT: Parascaris equorum is a species of the Ascarididae family L T ' ,;amm,.‘.qul,;,
which belongs to the phylum nematoda (roundworms) and is a type of

parasite that affects equine health, performance, and production. The i sysmos s oo s stans 203, porscrs sasonm n s o posmbin iy, Wes st

Indonesia. World Vet. J,, 12 (2): 181-185. DO:

current study was carried out from April to August 2021 to determine the
prevalence of equine Parascaris equorum in horses residing in Payakumbuh City, Indonesia. A total number of 128 fecal
samples from horses were examined in the current study. Coprological examination was performed for the detection of
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Parascaris equorum eggs inside the amassed samples. The overall occurrence of Parascaris equorum was 14.06% (18 out
of 128). The prevalence rates of sub-districts differed with the highest in East at 18.18% (8/44), followed by North,
South, and West at 16.66% (6/36), 14.06% (2/22), and 7.7% (2/26), respectively. The obtained results indicated a
significant difference in the prevalence rate of Parascaris equorum between males and females as well as those horses
aged < 5 years (26.22%) and > 5 years (3%). Therefore, it is critical to not only enhance horse health management,
maintenance, and health but also to provide anti-parasitic medications on a regular basis.

Keywords: Gastrointestinal nematode, Horse, Parascaris equorum, Prevalence
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Antimicrobial Resistance and Virulence Genes of Campylobacter jejuni Isolates from
Diarrheic Sheep

Hafez A.
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ABSTRACT: One of the important agents causing gastroenteritis
worldwide is Campylobacter jejuni (C. jejuni). The current study aimed to
detect five virulence genes (flaA, virB11, ciaB, iam, and dnal) and two
antibiotic resistance genes (gyrA and tetO) in C. jejuni obtained from
sheep stool. The virulence genes were detected by PCR in 64 C. jejuni
strains. The phenotypic resistance to five selected antibiotics
(Ciprofloxacin, Erythromycin, Gentamycin, Streptomycin, and
Tetracycline) was screened with the microdilution method. The isolates
with antibiograms were tested for detection of gyrA and tetO genes via
PCR using specific primers. The virulence genes flaA (32%) and dnal : o o 2 86
(29%) had the highest prevalence. The tested isolates of C. jejuni ™ .

revealed high resistance to both quinolone (68.3%) and tetracycline groups (48.4%) with an increased prevalence of
antibiotic resistance of gyrA and tetO genes. Gentamycin and erythromycin offered better alternative drugs for the
treatment of campylobacteriosis. To generalize the findings, extensive profiling that involves more virulence genes is
required in several strains of Campylobacter.

Keywords: Antibiotic resistance, Campylobacter jejuni, Sheep, Virulence genes
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Effect of Oral Administration of Honey on Hemato-biochemical Parameters of Dogs with
Atopic Dermatitis

Suartha IN, Sudimartini LM, Jayanti PD, and Wijayanti NPAD.
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ABSTRACT: Honey from Trigona species is widely used as herbal W
medicine in humans due to its antimicrobial, anti-inflammatory, and Tigona Haney

antioxidant effects as well as the potential to increase body resistance
and boost blood formation. The current study aimed to determine the
hemato-biochemical profile of dogs with atopic dermatitis treated with
Trigona honey. The hematology profile included the measurement of
erythrocytes, hemoglobin, hematocrit, and erythrocyte index, as well as y
blood biochemical parameters, including aspartate seore Afer
aminotransferase (AST), alanine transaminase (ALT), and blood sugar. A
total of 12 local dogs aged 4 months old were divided into two treatment
groups, namely the control group (G1) and treatment with liquid Trigona honey at a dosage of 5 ml/dog/day (G2) for 35
days. Then, blood was collected and tested for routine and chemical blood assay. The results showed that the
administration of fresh Trigona honey (5 ml/day for 5 weeks) exhibited a significant increase in most of hematological
variables of dogs with atopic dermatitis, compared to G1. The results of blood biochemical profiles (AST, ALT, and blood
glucose) remained unaffected by the treatment of Trigona honey. It can be concluded that honey from Trigona spp. was
safe to be given to the dogs with dermatitis and no adverse physiological effects were observed during the present study.

PD, and Wijayanti NPAD (2022). Effect of Oral of Honey on
fet. 1,12 (2): 197-202. DO
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The Transmission Pattern of Amoebiasis in Bale Zone, South East Ethiopia

Jilo SA, Kadir MA, Hussein JA, and Nair SP.
World Vet. J. 12(2): 203-213, 2022; pii:S232245682200026-12
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ABSTRACT: Amoebiasis is a primarily zoonotic disease, mainly
transferred through the fecal-oral route and waterborne. Amoebiasis is
still a big challenge for human and animal health and is a major cause of
diarrhea in developing countries, including Ethiopia. Therefore, the study
was conducted to assess the epidemiology of the disease in humans, 2
dogs, and the occurrence of the parasite in water bodies. A prospective ENTAMOEBA HISTOLYTICA CIST
cross-sectional study was conducted in selected districts of the Bale zone i
in southeastern Ethiopia. Pet owners were selected randomly. Socio- " T m————
demographic data were collected using a questionnaire and fecal samples === Cy e

were used to perform microscopic examination. A total of 383 fecal

samples of humans, 383 fecal samples of dogs, and 58 water samples were studied from December 2019 to July 2020. Of
383 humans, 179 were males and 186 were females, while 94 individuals were grouped as children younger than 8 years,
164 were grouped as youth within the age range of 8-18 years, and 125 were grouped as adults who were older than 18
years. Of 383 local breeds, dogs were grouped as 87 puppies younger than one year, 192 young dogs with the age range
of 1-2 years, and 104 adult dogs who were older than 2 years. Fecal samples were taken from 173 male and 210 female
dogs. The water samples were taken randomly from the water sources (river, lake, pond, or water tank) at different sites
where dogs and humans can easily contact water to use for different purposes. Of the total samples, 70 humans (18.3%),
63 dogs (16.5%), and 16 water samples (27.6%) were contaminated with the parasite. The major risk factors for the
transmissions of parasites were contaminated drinking water, large family size, open-air defecation, and improper
handwashing. The present study revealed that the human reservoir was a major risk factor for the spread and
transmission of amoebiasis in dogs. The high prevalence of the disease might be due to open-air defecation, unhygienic
health practices, domestic animals inside the houses, and using local water bodies as a drinking source.

Keywords: Amoeba, Dog, Human, Transmission, Water
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Diagnosis and Control of Peste des Petits Ruminants Disease in Small Ruminants; A
Review

Mahmoud MA, Ghazy AA, and Shaapan RM.
World Vet. J. 12(2): 214-220, 2022; pii:S232245682200027-12
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ABSTRACT: Peste des Petits Ruminants (PPR) is an acute highly Dlagn051s Control
contagious febrile disease of sheep and goats characterized by erosive i z
and necrotizing stomatitis and associated with severe pneumo-enteritis
and bronchopneumonia ended by recovery or death. The aim of the
present study was to throw light on the diagnosis and control of PPR.
Diagnosis of PPR depends on clinical signs, pathological lesions, and
specific detection of the viral antigen, viral genome, or specific antibodies
by serological tests and nucleic acid-based assays. The most commonly
used diagnostic techniques are cell culture isolation, agar gel T ——————
immunodiffusion, hemagglutination tests, immunocapture ELISA, and  rmmmsiaseiewordvet. , 12(2):216:220.001 11010

competitive ELISA. In addition to the abovementioned techniques, virus neutralization tests and reverse transcriptase PCR
are used. Peste des Petits Ruminants is characterized by high fever associated with watery nasal and ocular discharges,
mucopurulent stomatitis, and broncho-pneumonia. Moreover, severe bloody diarrhea and the disease associated with high
levels of mortality reached up to 90%. The diagnosis of viral diseases is important in determining the control strategies.
Therefore, it can be concluded that recent diagnostic tools are urgently needed not only for the diagnosis but also for
following-up combating programs and control of viral diseases. Early and rapid complete identification of infectious viral
agents in small ruminants as well as in the surrounding environment is recommended for effective control of PPR. The
control program depends mainly on vaccination, hygiene and sanitation measures, and effective quarantine measures.

Keywords: Control, Dairy Ruminants, Diagnosis, Goat, Peste des Petits, Sheep
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Bats and Antibiotic Resistance: A Culprit or a Victim?

Garcés A.
World Vet. J. 12(2): 221-229, 2022; pii:S232245682200028-12

DOI: https://dx.doi.org/10.54203/scil.2022.wvj28

ABSTRACT: In the last decades, the increase of antimicrobial resistance
bacteria has become a concern for public health. Bats’ ability to fly, form
colonies for a long lifespan, and inhabit a variety of diverse ecological
niches make them successful species in terms of adaptation and
distribution on earth. Moreover, these characteristics let them act as the
potential natural reservoir of numerous zoonotic pathogens (bacteria,
viruses, fungi). Bat bacteriome knowledge is still very scarce, but a few
studies have indicated that bats are hosts of antimicrobial resistance and
play an important role in the dispersion of resistance in the environment.
Moreover, bats are vulnerable to acquiring these pathogens since they
sometimes live in close contact with humans and domestic animals.
Therefore, the present study aimed to compile the latest studies that describe the presence of antibiotic-resistant in bats.
Based on the papers analyzed for this review, it is possible to conclude that bats are hosts of pathogenic bacteria that
carry numerous antibiotic resistance. Extended-spectrum b-lactamases (ESBLs) or Methicillin-resistant Staphylococcus
which nowadays days are a great public health concern, have already been reported in these animals, with some isolated
strains being of Human origin. Although not completely understood regarding the dynamics and transmission routes, bats
seem to have an important role in the dissemination and acquisition of antibiotic resistance in the environment. They can
be contaminated by bacteria with antibiotic resistance and disperse through the environment. However, they also can be
the host of bacteria that carry antibiotic resistance.

Keywords: Antibiotic-Resistant, Bacteria, Bat, Chiropters, Zoonoses
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ABSTRACT

Forage nutrition for pre-weaning calves hosts numerous practical questions and on-farm challenges. The present
review article aimed to update and address the biological consequences of forage provision to pre-weaned dairy
calves. Health, nutrient intake (milk plus solid feed), and rumen development are the most important factors related
to calf growth in pre- and post-weaning periods. A growing body of evidence suggests that the health and growth
performance of dairy calves in the pre-weaning period are associated with their later performance as dairy cows. It
seems that starter feeding strategies, including grain type, processing method, feed texture, and forage inclusion
during the critical pre-weaning period may have profound effects on rumen function and calf performance. It is well
understood that grain fermentation by-products are essential for increased growth and absorptive capacity of the
rumen papillae. Forage provision as a part of a starter diet has been a topic of recent research. The rumen pH is the
main factor altering the fate of fermentation and eventually animal health. In the pre-weaned calf, two major
hypotheses exist regarding forage feeding. The first hypothesis describes that the rumen is not completely developed
in pre-weaned calves and forage provision during this period might increase gut fill, and hence, decrease starter
intake. It is believed that depressed starter intake may limit energy intake and finally suppress calf growth rate. The
second hypothesis indicates that the rumen pH may decline as calves age and starter intake increases. Accordingly,
forage inclusion in calf starter diets could prevent further rumen pH decline and subsequent negative consequences
while improving starter intake and calf growth. Research data regarding these hypotheses are controversial. Many
factors, such as milk feeding method, grain, forage type, and experimental conditions could affect calf responses to
dietary forage. The current review focused on the biological consequence of forage provision to young calves to
provide a practical framework for better use of forages in pre-weaned calves feeding programs.

220z AeN 8T :paidadoy

220¢ Y2IB|N L :PaAIsday
3710114V M3AINTL
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INTRODUCTION

Raising dairy heifers with a proper growth rate (800-900 g/d) for calving between 22-24 months of age is the main goal
of commercial dairy heifer raising programs (Akins, 2016). Greater milk yield in the first lactation is partly attributed to
higher growth rates in the early stages of life (Soberon et al., 2012). Reaching these goals is mainly dependent on calf
feeding strategies during pre- and post-weaning periods. In the last two decades, most calf studies have focused on milk
feeding strategies to increase the average daily gain (ADG) during the pre-weaning period. However, it should be
considered that solid feed intake and the resulting rumen development are key factors determining calf growth in both
pre- and post-weaning periods (Khan et al., 2016). Solid feed consumption in restricted milk-fed calves, has a critical
role in supplying energy and protein to the growing calf. Also, in intensified milk-fed calves, enough starter feed intake
is essential for successful weaning and post-weaning performance (Khan et al., 2011a). As a result, the quantity, quality,
and chemical composition of starter feed provided to dairy heifers could affect their feed intake, rumen development, and
subsequent performance.

In addition to concentrates (grain and protein supplements), forages in calf diets can influence rumen development
and calf performance. It is believed that forage provision to young calves increases rumen muscularity, volume, and
motility needed for optimal rumen development (Beiranvand et al., 2014). In terms of calf performance, feeding forages
to pre-weaned calves may have controversial consequences. There is some evidence that forage inclusion in calf diets up
to 5% limits feed intake and decreases the growth of calves from 28-56 d of age (Hill et al., 2008). In weaned calves,
lower ADG was observed for calves fed 15% hay versus those fed 4.5 to 5% dietary roughage (Hill et al., 2009). In
contrast, desirable ruminal pH and improved growth performance were observed when calves were fed different sources
of forages as a free choice or mixed rations (Overvest et al., 2015; Omidi-Mirzaei et al., 2018). The contradictory results
observed in such research can be partly attributed to the milk feeding method and the age at which the calves were
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weaned. Since milk and solid feed intakes are negatively correlated, feeding different amounts of milk or milk replacer
may affect calf response to dietary fiber. On the other hand, as calves age, feed intake increases over time; hence, the
duration of the pre-weaning period and weaning time could affect nutrient intake. It can be hypothesized that differences
in the duration of solid feed intake may alter the rumen environment, causing different metabolic responses.
Additionally, it has been reported that forage source, level, and feeding methods as well as the physical form of the
starter diet affect rumen development and calf performance (Diao et al., 2019). Consequently, calf response to dietary
fiber is not arbitrary and depends on a variety of nutritional factors. It is important to note that forage intake and rumen
pH are interrelated. Thus, forage provision may play a critical role in stabilizing rumen pH and promoting optimal rumen
health and calf performance (Terre et al., 2015).

Rumen pH is an important factor affecting the host ruminant health and performance (Laarman et al., 2011). It
seems that the ruminal acidosis during pre-weaning and weaning transition periods occurs in a way similar to dairy cows
(Galsinger et al., 2020). Moreover, its signs are also similar. Providing forages depending on their source, level (5-15%,
in general), and method of feeding has the potential to modulate rumen pH and promote starter intake and growth of pre-
weaned calves (Imani et al., 2017). However, in a study investigating the physical form of the starter feed on calf
performance, significant amounts of fine starter particles were reported as the main factor affecting intake and ADG
(Bateman et al., 2009). It has been recommended that to prevent rumen parakeratosis and bloat, 75% of starter particle
size should exceed 1190 um in diameter (Porter et al., 2007). The variability of rumen pH and occurrence of ruminal
acidosis in response to different dietary treatments can be more complicated given that salivary glands are not
completely functional in young calves (Khan et al., 2016). For example, parotid glands’ ability to produce sufficient
amounts of saliva is still low even by 4 weeks of age (Kay, 1960). Consequently, the age at which forages are provided
to the calves may be an important factor influencing their metabolic and productive responses. Overall, new studies
suggest that fibrous sources such as oat hay provision to pre-weaned calves can improve rumen fermentation parameters,
allowing calves to pass the weaning transition successfully (Gasiorek et al., 2020).

Because calf performance in the pre-weaning period is associated with post-weaning growth performance and later
dairy herd productivity, the physiological effects of forage feeding on the digestive tract of pre-weaned calves will be
reviewed in this article also. Determining optimal types, levels and particle sizes of forages offered in the pre-weaning
period requires much future research.

DIETARY FIBER, RUMEN PHYSIOLOGY, AND CALF GROWTH

Weaning is an important period in a dairy calf’s life in which milk dependency is disrupted and calves have to meet their
energy and protein requirements through solid feed consumption. Calves suffer much from the weaning distress unless
the digestive tract adapts properly to ferment and assimilate solid feeds eaten before weaning (Baldwin et al., 2004).
Rumen development is a key factor in allowing calves to wean successfully (Nikkhah and Alimirzaei, 2022). Just after
birth, the rumen is inactive, but it undergoes extensive metabolic and physical changes over time by initiating solid feed
consumption. The type, physical form, and chemical composition of concentrates and forages offered to calves can
differently affect rumen development and fermentation patterns. However, in general, starter feeds rich in grains
stimulate the rumen epithelium and papillae growth, leading to increased absorptive capacity (Baldwin et al., 2000).
Stimulatory effects of grain feeding on the rumen epithelial growth are related to their fermentation end-products profile.
It has been shown that volatile fatty acids (VFA; mainly butyric, propionic, and acetic acids) produced by the ruminal
anaerobic metabolism are responsible for the proliferation and differentiation of the rumen papillae (Warner et al., 1956).
Amongst VFAs, butyric acid is exclusively metabolized in the rumen epithelial cells and is considered a major promoter
of papillae differentiation (Baldwin et al., 2004). Butyric acid accompanied by propionic and acetic acids have a direct
role in the expression of enzymes involved in the rumen epithelial cells' growth and differentiation (Connor et al., 2013).
With these findings, pre-weaning calves can benefit from feeding high grain diets. On the other hand, in a study
conducted to evaluate the rumen mucosal absorptive capacity, increased acid absorption was observed when the solution
pH decreased from 7.5-8 to 5-5.5 (Sutton et al., 1963). Starch sources and levels in starter diets as well as feed
processing methods could affect molar proportions of VFA in the rumen, resulting in altered rumen pH (Lesmeister and
Heinrichs, 2004). The accumulation of fermentation products and subsequent lower ruminal pH increases rumen fluid
osmolality, causing bacterial death and finally decreased feed intake (Carter et al., 1990). In addition, lower ruminal pH
can impair rumen motility and induce papillae keratinization, resulting in lower blood flow to the rumen papillae, and
thus, decreased nutrient absorption (Khan et al., 2016).

In adult dairy cows, adequate dietary fiber is required for preventing durable rumen pH decline and acidosis.
Although the actual need for dietary fiber has not yet been determined well in young calves, forage provision is
recommended to avoid acidosis (McBurney et al., 1983; Castells et al., 2012). Additionally, it has been illustrated that
the severity of sub-acute ruminal acidosis can be mitigated by including small amounts of forages in calf diets (Laarman
et al., 2011). In another study, increased ruminal pH in pre- and post-weaning periods was reported by feeding forages
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(Khan et al., 2011b). Dietary fiber, especially from forage sources, potentially promotes chewing activity and saliva flow
to the rumen which can neutralize protons produced in the rumen and increase ruminal pH (Lin et al., 2018). In addition
to the modulatory effect of dietary fiber on rumen pH, forage provision impacts rumen muscularity and physical
structure (Heinrichs, 2005). In this regard, larger particle size and higher amounts of dietary effective fiber increase
rumen motility. Overall, rumen maturation from metabolic and physical perspectives is essential for subsequent calf
growth and development in the post-weaning period.

The growth performance of young calves may be affected by dietary fiber. As discussed above, calves respond
differently to forage provision depending on starter feeds and forages’ chemical as well as physical features. Interaction
of dietary forage with other diet ingredients may cause differences in calf performance. For instance, the supplemental
fat source may interact with dietary forage (Karimi et al., 2021). Calves fed soybean oil containing 51% linoleic acid
(C18:2) had the lowest starter intake and ADG during the pre-weaning period. Decreased feed intake and growth rate
reported in studies concerning forage provision to pre-weaned calves may be associated with gut fill and limited energy
intake (Xiao, 2020). It seems that the time at which forages are included in the diet could influence calf performance. In
a recent study conducted to determine the optimal time of forage feeding, results indicated that the provision of wheat
straw on d 21 had a significant effect on calves weaning body weight (Ghahremani et al., 2021). Forage provision should
be considered with starter feed particle size, as well. It seems that forage effects can be more profound when starter feed
is too fine and readily fermentable in the rumen, which can elevate acid production and reduce the rumen pH. In a recent
study, starter intake decreased by including forage in whole corn grain-based starters, implying that forage provision may
be more effective when diet ingredients are finely ground (Gholizadeh et al., 2021). More research is needed to
understand how much roughage should be included in the dairy calf diet and what the best forage particle sizes are for
pre- and post-weaning calves.

CONCLUSION

A successful post-weaning performance is dependent on proper rumen development in the pre-weaning period.
Providing forages to young calves may promote rumen development needed for optimal feed intake, rumination, and
nutrient absorption. The level and particle size of forage supplied to the young calf should be orchestrated in accordance
with the gain source in the starter diet. These will require future research to be optimally determined.
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ABSTRACT

A corneal ulcer is the characteristic of the destruction of the corneal epithelium layer and loss of the stroma layer at
various depths. At present time, soft bandage contact lenses are used in many countries for corneal ulcers in dogs
and cats to protect their cornea, increase contact time with topical eyes solutions, and support corneal
reepithelialization. This article aimed to review information on the use of soft contact bandage lenses to treat corneal
ulcers in dogs and cats interms of their efficacy and precaution. The results of the present review have revealed that
soft contact bandage lenses are used to protect the cornea, enhance contact time with topical eye treatments, reduce
median healing time, and provide comfort in dogs and cats with corneal ulcers. In the case of serious infections and
dry eyes, soft contact bandage lenses are not recommended.

Keywords: Corneal ulcer, Incidence, Soft contact bandage lenses, Treatment
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INTRODUCTION

The cornea is the front part of the eyes covering the iris, pupil, and anterior chamber (Farghali et al., 2021). A corneal
ulcer is characterized by damage to the corneal epithelium layer (superficial corneal ulcer) and loss of the stroma layer at
various depths (deep corneal ulcer) (Kartashov et al., 2019). The severity of a corneal ulcer depends on the size, depth,
edema, the appearance of keratomalacia, and present hypopyon or hyphae at the anterior chamber (Ekapopphan et al.,
2018). There are various risk factors for corneal ulcers in dogs and cats, including congenital abnormalities, the
anatomical structure of the eyes (some breeds risk of dry eyes, such as Pug and Shih-Tzu), trauma (fighting, accidents),
infections (herpes virus, parasites), and systemic diseases such as diabetes mellitus and infectious canine hepatitis (Croix
etal., 2001; Good et al., 2003; Sykes, 2014; Kartashov et al., 2019; Patel et al., 2020).

Diagnosis of corneal ulcer

Methods for diagnosis of corneal ulcer begin with taking into account the history of the patient and general
physical examinations. Pets with corneal ulcers often squint with the painful eye and experience tearing, redness, and
increased corneal opacity (Patel et al., 2020; Kim et al., 2021). A complete ophthalmic examination should be performed
on both eyes, including the Schirmer tear test (STT) to measure the level of tears, intraocular pressure to measure the
fluid pressure of the eyes, a fluorescein dye test to detect the injury to the cornea, and menace response-pupillary light
reflex-dazzle reflex, and slit-lamp examination to recognize the neuromuscular system and inside the eye (Kartashov et
al., 2019; Kim et al., 2021). A fluorescein dye positive test means fluorescein stain will be maintained in the stroma layer
and appear to be green color, indicating corneal epithelium layer devastation, in which case checks should be made to
determine the size, depth, and infiltration of white blood cells or red blood cells to evaluate the severity (Patel et al.,
2020). Moreover, matrix metalloproteinases (MMPs) are endopeptidases found in almost every eye tissue (Kaya et al.,
2021). Matrix metalloproteinases, particularly collagenases, are essential for maintaining corneal integrity and clarity
(Kaya et al., 2021). It was suggested that an imbalance in collagenase levels could trigger the keratolytic process, which
would destroy the basement membrane structure and cause corneal ulcers (Kaya et al., 2021). Dry eyes, trauma, and
infection are examples of conditions that cause MMPs imbalance (Kaya et al., 2021).

Incidence, causative factor, and microbial isolation
There have been reports of the incidence of corneal ulcers in dogs in India, which mainly involve Pug, Pomeranian,
mongrel, and brachycephalic dog breeds (Patel et al., 2020). Additionally, corneal ulcers have been reported in cats in
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Russia, mostly involving British and Scottish cat breeds (Kartashov et al., 2019). Moreover, previous reports suggested
that brachycephalic cats are predisposed to developing non-healing corneal ulcers (Croix et al., 2001). This sore have
been reported in both dogs and cats, specially the younger ones and males (Kartashov et al., 2019; Patel et al., 2020).
Some of the causative factors of corneal ulcers reported in dogs include traumatic injury, keratoconjunctivitis sicca,
entropion, chemical injury, and distichiasis (Bossuyt, 2016; Patel et al., 2020). For cats, the dermoid, crystalline
keratopathy, traumatic injury, entropion, and feline herpesvirus 1 (FHV-1) have been reported as causative factors
(Moore, 2005; Bossuyt, 2016; Kartashov et al., 2019). Ekapopphan et al. (2018) surveyed bacteria isolated from corneal
ulcers of dogs in Thailand, in which the most commonly found were Staphylococcus spp., Pseudomonas aeruginosa,
Enterobacteriaciae, Streptococcus spp., Aeromonas spp., and Acinetobacter Iwoffii. Hewitt et al. (2020) studied bacteria
isolated from corneal ulcers of dogs in the United States, among which Staphylococcus pseudintermedius, Streptococcus
canis, and Pseudomonas aeruginosa were the most common ones. In cats, Staphylococcus spp., Streptococcus spp.,
Corynebacterium spp., Escherichia coli, Proteus spp., Pseudomonas aeruginosa, and Klebsiella spp. have been reported
as bacteria isolated from corneal ulcers (Moore, 2005). In addition, other microorganisms, including Candida spp., have
been reportedly detected in corneal ulcers in dogs (Ekapopphan et al., 2018)

Treatment of corneal ulcers

Treatment of corneal ulcers depends on the progress of the lesion. Superficial corneal ulcer treatment typically
utilizes topical eye drops and systemic drugs (Williams et al., 2017). Meanwhile, severe deep corneal ulcer cases are
often unresponsive or respond slowly to topical or systemic drugs, and therefore, require surgery (Jaksz and Busse,
2017). At present, the treatment method for corneal ulcers in dogs and cats has been developed to reduce surgical
treatment methods while providing results that have similar or better healing outcomes, such as using soft contact
bandage lenses (Grinninger et al., 2015; Bossuyt, 2016; Kim et al., 2021). This article gathers information on the use of
soft contact bandage lenses to treat corneal ulcers in dogs and cats.

Surgical treatment

Severe deep corneal ulcers, such as descemetocele, corneal dystrophy, ulcerative keratitis, indolent corneal ulcer,
and chronic corneal ulcer may require surgical management (Mezzadri et al., 2021). The surgical methods include
debridement epithelium, conjunctival pedicle graft, grid or punctate keratotomy, third eyelid flap, superficial
keratectomy, and temporary tarsorrhaphy (Croix et al., 2001; Pandey et al., 2018).

Non-surgical treatment

Several reports of nonsurgical treatment include the use of topical eye drops with triple antibiotic (neomycin-
polymyxin-bacitracin) prophylactic antibiotic therapy in dogs with superficial corneal ulcers (Hewitt et al., 2020), a
combination of chloramphenicol and ciprofloxacin in suspected infected corneal ulcers (Hewitt et al., 2020), and pain
control with non-steroidal anti-inflammatory drugs )NSAIDs( or systemic opioids (Jaksz and Busse, 2017). Uveitis cases
should use atropine for mydriatic to reduce accompanying painful ciliary muscle spasms (Jaksz and Busse, 2017).
Autologous serum, ethylenediaminetetraacetic acid, and acetylcysteine are used in keratomalacia to inhibit proteolytic
enzymes (Jaksz and Busse, 2017). In dogs with keratoconjunctivitis sicca, a cross-linked thiolated carboxymethylated
hyaluronic acid (xCMHA-S) hydrogel was utilized to close nonhealing stromal ulcers (Williams et al., 2017). Injection
of autologous platelet-rich plasma into the conjunctiva of dogs and cats with corneal ulcers was found to be efficient, yet
the procedure is time-consuming (Farghali et al., 2021). At present, bandage contact lenses are used in many countries in
cases of corneal ulcers in dogs and cats, including Georgia, Germany, Korea, the Netherlands, the United Kingdom, and
the United States (Grinninger et al., 2015; Bossuyt, 2016; Braus et al., 2018; Sukjong et al., 2018; Diehl et al., 2019;
Kim et al., 2021). Bandage contact lenses have been reported to have properties that promote healing, deliver medicine,
and maintain hydration (Sukjong et al., 2018). Previous studies report that the use of soft bandage contact lenses in
corneal ulcers in dogs decreases healing time, compared with dogs not treated with soft bandages (Wooff and Norman,
2015).

Contact bandage lenses

Contact lenses have been used in humans since 1887 (Loh and Agarwal, 2010). Different types of contact lenses
include hard lenses (firm, reduce oxygen flow to the cornea) and soft lenses (soft, made of hydrogel, and permit oxygen
to the cornea, Loh and Agarwal, 2010). Soft contact lenses are used as bandages to preserve the cornea, improve contact

duration with topical eye treatments that enhance the cornea-drug interaction over time, and encourage corneal
reepithelialization (Sukjong et al., 2018, Figure 1). In veterinary uses, soft contact bandage lenses designed for both
humans and animals have been adopted (Diehl et al., 2019). In 2018, both types of lenses were recommended for canine
eyes (Braus et al., 2018). Each product brand has a different design component inside the contact lens (Table 1). Before
using soft contact bandage lenses, the animal should be tested via STT to measure dry eye conditions, observe purulent
discharge, and check cases with suspected bacterial keratitis since some previous reports do not recommend the use of
lenses in such instances (Bossuyt, 2016).
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Figure 1. The soft contact bandage lenses help to protect the cornea, increase contact time with topical eyes solutions
and increase the cornea-drug interaction for a long time.

Table 1. Soft contact bandage lenses used in animals and human

. Designed for
Trade name Materials species References
SofLens® (Bausch & Lomb) Hydroxyethyl methacrylate and ethylene glycol Human Schmidt et al. (1977)
dimethacrylate

®

Softcon” (Lombart) Hydroxyethyl methacrylate and polyvinyl pyrrolidone Human Schmidt et al. (1977)
L. e Silicone vinyl carbamate, N-vinylpyrrolidone, a siloxane
PureVision®2 (Bausch & Lomb) crosslinker, and a vinyl alanine Human Braus et al. (2018)
Veterina Braus et al. (2018);
Acrivet® (Bausch & Lomb) 2-hydroxyethyl methacrylate and vinylpyrrolidone (Dog) i Wooff and Norman
(2015)

HydroBlues™18 (Keragenix) Hydrophilic polymers Ega(t)zr)lnary Diehl et al. (2019)
AnimaLens "HRT 78 . Veterinary .
(Keragenix) Hydrophilic polymers (Dog) Diehl et al. (2019)

® —— ™
Acuvue " Oasys with Hydraclear Silicone hydrogel senofilc Human Diehl et al. (2019)

Plus (Johnson and Johnson)

Table 2. Treatment of corneal ulcers by using soft contact bandage lenses in dogs and cats
Average or median of

Abnormality Methods healing times (days) Complications References
Spontaneous chronic corneal epithelial . Blepharospasm Grinninger et al.
+
defects (Dog) debridement + SCBL 14 (2015)
Spontaneous chronic corneal epithelial  linear grid keratotomy 7 Not found Wooff and Norman
defects (Dog) + SCBL (2015)
kj l.
Acute bullous keratopathy (Cat) SCBL 44 Not found (SZUO ig'; geta
ficial k .
Symblepharon (Cat) superficial keratectomy 22 Not found Kim et al. (2021)

+ SCBL

Blepharospasm,

Superficial corneal ulcer (Dog) SCBL 10.6 premature loss of the Bossuyt (2016)
contact lens
Blepharospasm,

Superficial corneal ulcer (Cat) SCBL 10 premature loss of the Bossuyt (2016)
contact lens

SCBL.: Soft contact bandage lenses

Use of soft contact bandage lenses for dogs and cats with corneal ulcers

The size of the contact bandage lens should be measured using the Jameson caliper or based on recommendations
from the product to get an appropriate size for the eyes of the animal (Wooff and Norman, 2015). Using an
inappropriately sized bandage lens could result in dislocation of the lens (Bossuyt, 2016). Wooff et al. (2015) studied the
use of soft contact bandage lenses in combination with linear grid keratotomy (LGK) in Boxer dog breed with
spontaneous chronic corneal epithelial defects (SCCEDs). Wooff and Norman (2015) found a significant reduction in
median healing time, compared with LGK alone. Meanwhile, Bossuyt et al. (2016) studied the use of soft contact
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bandage lenses in corneal ulcers in Lhasa apso, Pug, Boxer, Shih Tzu, mixed dog breeds, and domestic shorthair cats,
with the lenses found to provide comfort and protection in the primary healing phase until the ulcer had healed, which
occurred faster than without a contact lens. Additionally, Braus et al. (2018) recommended using soft contact bandage
lenses in the Beagle dog breed for around 14 days although cytology indicated a mild inflammatory reaction. Kim et al.
(2021) reported the use of superficial keratectomy and soft contact lens with partial temporary tarsorrhaphy in
symblepharon in the Persian cat breed. The result found no reappearance of symblepharon when rechecked 347 days
post-operation. Additional studies involving the use of soft contact bandage lenses in dogs and cats with corneal ulcers
are presented in Table 2.

CONCLUSION

The use of soft contact bandage lenses in corneal ulcers in dogs and cats helps to protect the cornea, increase contact
time with topical eyes solutions, decrease median healing time, and provide comfort. However, soft contact bandage
lenses are not recommended in cases of dry eye conditions and severe infections. Furthermore, soft contact bandage
lenses have been found to improve treatment responses when used in combination with other surgical procedures.
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ABSTRACT

A total of 450 broiler chicks (Ross 308) were used to evaluate the effect of different inclusion levels of a partially
black soldier fly (BSF), BSF Powder (BSFP), BSF Puré (BSFPr), and BSF frozen whole larvae (BSFL) on the
growth performance, blood parameters, humoral immune response, and intestinal bacterial count of broiler chickens.
The chickens were reared from day 1 to 35 and assigned to the control and 9 dietary groups with different forms of
BSF (3 replicates per group with 15 chicks). Black soldier fly was included at levels of 2%, 4%, and 6% for BSFP,
BSFPr, and BSFL, respectively, in the starter and growing diets. The results indicated similar body weight, weight
gain, and the growth rate in chickens fed 4% BSFP, and 2% BSFPr during the experiment. There was a marked
difference in blood parameters due to the different BSF forms and included percentages. The humoral immunity
antibody titers against the Newcastle disease virus fluctuated among the experimental groups of different ages.
Finally, it could be concluded that the BSF can be incorporated at a level of 4% in the form of powder and Puré in a
broiler diet which seemed to be adequate to achieve the favorable results in growth performance, blood parameters,
immunity, and bacteriological examination.
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INTRODUCTION

The world population growth has led to a food shortage, water wars, climate change, and soil erosion. Accordingly, the
United Nations launched the sustainability initiative with 17 goals some of which are no hunger, zero poverty, good
health, and well-being, and climate action (Viana et al., 2022). In this regard, all countries sought to reinforce
sustainability in all life aspects, which places more pressure to find a creative solution to increase protein production so
that, insects are expected to be human beings' food by 2035 (UNDRR, 2015). For hundreds of years, mankind has tried
to combat insects by spending billions of dollars to eradicate insects in order to protect their crops. To extract a small
amount of plant protein, they are used to killing a rich source of protein. As insects contain up to 75% protein wherever
crops contain up to 14% protein (Premalatha et al., 2011).

Generally, humans hate eating insects, which prevents them from using insects as feed. However, residents of some
countries have eaten insects for thousands of years, and this practice is called entomophagy. Black soldier fly is used as a
partial substitution for soybean meal in commercial diets and it is a cheap replacer because they can be raised on plant or
food byproducts (Schiavone et al., 2017a). Black soldier fly larvae (BSFL) are rich in essential amino acids, such as
lysine and methionine, which are important for poultry production (Spranghers et al., 2017). There are more than 470
edible insect species in Africa (Ayieko et al., 2010). As a result, people can benefit from insects by using them in poultry
feed (Spranghers et al., 2017).

Poultry production represents a huge sector in the animal production scale and it is of significant importance to pay
close attention to poultry nutrition since 70% of the production cost is for. The soybean is going expensive day by day,
and this increases the poultry production cost besides reducing the revenue of the invested pound Van (2003).

Black soldier flies have also been observed to lessen the mass and nutrient content of pig manure with similar
efficiency to those of poultry manure (Li et al., 2011; Zhou et al., 2013). The meat quality of chickens fed BSF has been
similar to that of the chickens fed commercial diet, therefore, they can be used as a partial substitution for soybean meal
(Pieterse et al., 2019). As a result, it is well documented that BSFL may be used to feed a wide range of vertebrates
(Tomberlin et al., 2015). Black soldier fly larvae also utilize a variety of vertebrate byproducts as a substrate, with no
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adverse impacts on the quality of meats grown onBSFL for humans and solution for sustainable and
economic agriculture in developing countries (Diener et al., 2011; Nyakeri et al., 2017).

Black soldier fly larvae could be used as a partial replacement for chicken feed by providing additional protein in
addition to being raised on chicken excrement. With this in mind, the present study aimed to investigate the effect of
different forms of BSF (Hermetia illucens) on broiler production performance, physiological parameters, immune
responses, and bacteriological examinations.

MATERIALS AND METHODS

Ethical approval

All samples were taken according to the standard protocol without causing any discomfort or injury to the chickens
and the study was carried out according to the Institutional Animal Care and Use Committee of Cairo University (CU-
IACUC) Medical Veterinary and Agricultural Sciences board, Egypt under approval code CU/II/F/18/21.

Study design

A total of 450 broiler chicks (Ross 308) aged one day with an average weight of 42 £ 1 g were used for the current
study. The chicks were wing-banded, and then divided randomly into 9 experimental and control groups (45 chicks each)
according to the BSF form (EgyMag company, Egypt), each group had 3 replicates (15 chickens per each) using a
completely randomized design. Chicks from 9 groups were fed a partially replaced-soybean meal diet with different
forms of BSF, including BSFP, BSFpr, and BSFL. The first three groups received BSFP at levels of 2%, 4%, and 6%.
Groups 4-6 received BSFpr and groups 7- 9 gained BSFL at the same levels of 2%, 4%, and 6%.

Chicks were kept in cages (1 m in length, 0.6 m in width, and 0.4 m in height) under similar, standard hygienic, and
environmental conditions. Chicks were vaccinated using Hitchner B1 strain, H5SN1, and Gumboro vaccines at 6, 10, and
14 days of age, respectively. The samples were revaccinated against Newcastle disease virus (NDV) at 20 days of age
according to CEVA animal health company, France (Newcastle, Gumboro, and Influenza). Batteries brooders with
electric heaters were used for brooding chicks. The brooding temperature was maintained at 35°C for the first five days,
then decreased by 2°C weekly until the end of week five. The lighting program was a 24-hour light for the first five days,
then decreased to 22 hours from day 6 to 35. Chicks were fed starter (1- 14 days) and grower (15-35 days) diets as shown
in Table 1. Feed and water were offered ad libitum (Okasha, 2021).

Table 1. Composition and chemical analyses of starter and grower diets of broiler chickens

) Starter Grower
Ingredients (%) (1-14 days) (15-35 days)
Yellow corn 56 59.89
Soybean meal (46% protein) 32 28.42
Corn gluten 6.05 4.95
Soya oil 15 2.53
Mono-calcium phosphate 1.55 1.38
Limestone 1.75 1.7
Premix (Vitamin+Mineral)* 0.2 0.2
D.L. Methionine 0.22 0.22
L. Lysine Hcl 0.25 0.25
Salt 0.40 0.40
Chemical analyses

Choline Chloride 0.06 0.06
Crude protein 23 21

Metabolizable energy (kcal/kg) 3000 3100
Calcium 1.0 0.94
Available phosphorus 0.49 0.44
Lysine 1.4 1.3

Methionine 0.67 0.61
Methionine + Cystine 1.04 0.95
Sodium 0.18 1.8

Total 100 100

*Each 2 grams of premix mixture contained Vitamin A (trans-retinyl acetate, 9000 1U), Vitamin D3 (cholecalciferol, 2600 IU), Vitamin E (dl-a-
tocopherol acetate, 16 mg), Vitamin B1 (1.6 mg), Vitamin B2 (6.5 mg), vitamin B6 (2.2 mg), Vitamin B12 (cyanocobalamin, 0.015 mg), Vitamin K3
(2.5mg), choline (choline chloride, 300 mg), nicotinic acid (30 mg), pantothenic acid (d-calcium pantothenate, 10 mg), folic acid (0.6 mg), d-biotin
(0.07 mg), manganese (MnO, 70 mg), zinc (ZnO, 60 mg), iron (FeSO4 H20, 40 mg), copper (CuSO4 5H20, 7 mg), iodine ([Ca(103)2], 0.7 mg)
selenium (Na2Se03, 0.3 mg)

Estimated parameters and data collection
Production performance
Each chicken was weighed biweekly. Weight gain and growth rate were calculated according to Broody (1949).
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Blood plasma constituents

Three heparinized blood samples from each treatment were drowned randomly from the wing vein for chemical
analyses at the end of the experiment. The chemical analyses were carried out by colorimetric method using a
commercial kit (Biodiagnostic company, Egypt) for determining plasma Protein (total protein and albumin), lipid profile
(triglycerides, total cholesterol, low-density lipoproteins (LDL), and high-density lipoproteins (HDL), and Kidney
function (uric acid).

Humoral immune response

The coagulation test was used to determine antibody titer against the Newcastle disease virus following Swayne's
method (1998). The serum samples were randomly selected from the wing veins of chicks in each treatment at 18, 23,
and 28 days of age. Serum samples were subjected to the hemagglutination inhibition assays using a method described
by Oberléander et al. (2020). The geometric means of serum hemagglutination inhibition titers obtained from each group
were defined as the reciprocal logarithm in a base of 2 of the highest serum dilutions completely inhibiting agglutination.

Intestinal bacteriological count
Bacteriological examinations were carried out at 3 and 5 weeks of age using standard methods for aerobic bacteria

(Brown and Smith, 2014). Microbiological analyses were detected at the department of microbiology, Cairo University,
Egypt. Under complete aseptic conditions, 5 grams of broiler intestine samples with a length of 2 cm were separated and
cut-opened before weighted and transferred into sterile 50 ml Falcon tubes containing 30 ml of sterile saline solution
(0.85% NaCl). Samples were vigorously mixed by vortexing for 1 minute at maximum speed, tenfold serial dilutions
were prepared from each sample using the same saline solution, and finally, the dilutions were used for the detection and
enumeration of different bacterial groups. To begin, 1 ml from each of the previously prepared dilutions was transferred
into two separate sterile Petri-dishes to which approximately 15 ml of sterile melted and cooled plate count agar were
added. After mixing, the inoculated plates, they were incubated in an incubator (Thermo Scientific 3951 Large Capacity,
Germany) at 30°C for 48 hours. Total bacterial counts per gram were calculated on plates with 30-300 colonies and each
count was recorded. In the next step, 1 ml from each of the previously prepared dilutions was transferred into two
separate sterile plates to which approximately 15 ml of sterile melted and cooled Eosin methylene blue agar (EMB)
medium was added. After mixing, the inoculated plates were incubated at 37°C for 48 hours. Escherichia coli (E. coli)
spices, Proteus spices, and Enterobacter spices counts per gram were calculated based on the differential counts of
green, colorless and pink colonies, respectively (Downes and Ito, 2001). Xylose Lysine Deoxycholate Agar (XLD)
medium was used for the detection of Salmonella and red colonies with the black center were recorded for Salmonella
species.

Statistical analysis

One-way analysis of variance was used to determine the effect of adding BSFP, BSFpr, and BSFL at levels of 2%,
4%, and 6% to the broilers’ diet on chickens’ growth performance, blood parameters, and humoral immunity. Data were
statistically analyzed by the General Linear Model Procedure of the SAS software (SAS, 2004). Mean values were
compared using Duncan's Multiple Range Test (Duncan, 1955) and significant differences were defined at p < 0.05.

RESULTS AND DISCUSSION

Productive performance

Table 2 shows the influence of inclusions levels and the form of BSF larvae on broiler performance. Both black
soldier fly puré and BSFP supplementation improved broiler performance throughout the experimental period. Groups
with 4% BSFP and 6% BSFPr had the highest body weight, while 6% BSFL had the lowest values (p < 0.05). At 3 and 5
weeks of age, chicks in the 4% BSFP group had the highest body weight, while different levels of BSFL recorded
significantly lower values (p < 0.05). A similar pattern was recorded in body weight gain throughout all periods of the
study. Concerning growth rate, 4% BSFP also had the highest percentage throughout the first 3 weeks and the entire
experiment, but 4% BSFL recorded the highest percentage between 3-5 weeks of age. The previous research attributed
the improvement in chicks’ performance to the amino acid profile and higher protein content, compared to vegetable
protein sources, which makes BSFP a desirable feed. However, the nutrient composition of BSFP fluctuates (Wang and
Shelomi, 2017) since larvae are raised on a variety of sub-states, such as organic waste streams, by-products, chicken
faces, and kitchen wastes leading to a wide range of nutritive value, crud protein (33-55%), ether extract (18-32%),
calcium (2.4-5.8% ), lysine (1.9-2.7%), and methionine (1.9-2.7%, Finke, 2013; Nguyen et al., 2015; Shumo et al.,
2019). Results in the present study agree with those reported by Dabbou et al. (2018) who found an improvement in
broiler performance with BSF inclusion. The positive modulation of live body weight (LBW ) by dietary BSF inclusion
partially agrees with what was reported by Oluokun (2000) and Loponte et al. (2017) who observed improved growth
rate and higher LBW in chicks and Barbary partridges fed with hermetia illucens meal as a component of a complete diet
and as a partial replacement (25% or 50%) of soybean meal. This is also in agreement with the successful use of BSF
and prepupae grown on swine manure or kitchen waste as feed additives in young chicks. Attivi et al. (2020) found lower
body weight gain (BWG) at 2%, 4%, and 6% BSF inclusion while the higher BWG was observed at 8% BSF inclusion.
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Table 2. The influence of different forms and levels of black soldier fly on body weight, body weight gain, and growth ratio of broiler chickens

Treatment Body weight (g) Body weight gain (g) Growth rate (%)
1 Weeks 3 Weeks 5 Weeks 1-3 Weeks 3-5 Weeks 1-5 Weeks 1-3 Weeks 3-5 Weeks 1-5 Weeks

BSFP 2% 17462 +1.64  761.86+5.20" 1940.98 + 14.43° 586.94 +7.05' 1168.52 +1.97° 1765.60 +0.73%9 12538 +1.147 87.24+14%  166.97+0.13°
BSFP 4% 177.96 +1.64  831.63+5.76% 2000.13 + 14.612 653.55 +7.05°  1178.66 £1.97%  1822.07 +10.73% 12949 +1.14°® 8253 +14'  167.32 +0.13°
BSFP 6% 173.36 +1.64  809.34 +6.17" 1913.82 +14.99° 630.30 +7.05°  1107.56 +1.97" 173785 +0.73" 12863 +1.14° 8185+14!  166.73 +0.13°
BSFPr2% 174.40+2.02  786.59 + 15.88¢ 1955.66 + 17.11° 611.98+1366% 1168.90+17.05°  1780.88 +5.75°  127.40+1.06" 8527 +159% 167.24+0.21°
BSFPr4% 177.96+2.02  793.85 + 16.28° 1945.13 +16.89 ¢ 615.80+13.66°¢ 1151.28 +17.05°  1767.17+575°  126.75+1.06% 84.07+159" 166.47+0.21"
BSFPr6% 173.36+£2.02 77279 +1551° 1923.95 +16.08° 595.84+13.66° 1155.18+17.059  1751.02+575°  126.14+1.06° 8590+1597 166.94+0.21¢
BSFL 2% 17440+7.21 618.08 +12.75" 1759.36 + 12.97" 44332 +16.79" 114123 +19.067 158455 +7.37"  111.71 +2.52° 96.09 +2.23" 163.91 +0.86"
BSFL 4% 191.73 +7.21  589.46 +13.09' 1691.67 +13.50 ' 398.67 +16.79"  1101.26 +19.06'  1499.93 +7.37"  101.84 +2.52° 9658 +2.23%  159.31 +0.86!
BSFL6% 173.36+7.21  570.00 +13.27! 1608.29 + 13.691 396.65 +16.79)  1038.54 +19.06' 143518 +7.37! 106.43+252' 9550 +2.23°  161.09 +0.86'
Control 175.64 +2.04  744.86 +13.20° 1871.81 + 19.33¢ 568.00 + 12.569  1126.94 +23.609 1694.94 +31.529 123.24+3.419 86.13+0.98° 165.46 + 4.06¢
P-value 0.3283 0.0001 0.0001 0.0001 0.2229 0.0001 0.0003 0.0001 0.7456

Values with different superscripts within a column are significantly different (p < 0.05). BSFP: Black soldier fly powder, BSFPr: Black soldier fly puré, BSFL: Black soldier fly larvae

Table 3. The influence of different forms and levels of black soldier fly on plasma total protein, total cholesterol, triglycerides, low-density lipoproteins, high-density lipoproteins, uric
acid, Triiodothyronine, and Thyroxine hormones of boiler chickens

Treatment T.P (g/dl) Al (g/dl) TCh (mg/dl) TG (mg/dl) LDL (mg/dl) HDL (mg/dl) UA (mg/dl) T3 (mg/dl) T4 (mg/dl)
BSFP 2% 7.83° 3.459 303.36° 88.89¢ 207.08° 78.51° 3.27 6.07° 2.56°
BSFP 4% 5.94° 3.16' 286.24° 96.76° 218.27° 48.62' 5.00° 6.53° 2.58°
BSFP 6% 3.37 3.52f 266.67¢ 111.11° 182.72" 61.72 4.00° 7.17° 2.55¢
Mean Standard Error +0.57 +0.15 +7.14 +8.79 +6.8 +3.94 +0.44 +0.21 +0.02
BSFPr 2% 4.42° 3.40" 288.69° 68.52' 202.45° 72.53° 3.43" 5.57' 257"
BSFPr 4% 3.87' 3.12 283.18f 93.98" 207.03¢ 57.36¢ 3.52¢ 5.80" 2.55¢
BSFPr 6% 4.23° 3.73¢ 258.72! 77.78" 201.67° 41.49 473 6.30¢ 251f
Mean Standard Error +0.32 +0.16 +14.72 +6.79 +13.26 +4.91 +0.47 +0.23 +0.02
BSFL 2% 4.65° 3.87° 263.61" 106.94¢ 178.89' 63.33° 4.11° 6.97° 2.42'
BSFL 4% 4.48° 3.90° 245.261 107.87° 147.82! 75.86" 3.80" 5.33 2.49°
BSFL 6% 4.98° 3.95° 287.46" 107.87° 199.11¢ 66.78° 3.36' 6.03¢ 2.45"
Mean Standard Error +0.67 +0.16 +8.04 +9.89 +10.3 +3.25 +0.43 +0.41 +0.02
Control 412 +0.36" 371 +0.09° 291.74+13.93° 14583 +6.9% 207.86 +6.30° 54.71 £3.30"  4.04+0.22°¢ 6.10+0.33° 2.52+0.04°
P-value 0.0122 0.0004 0.5781 0.0001 0.0033 0.0245 0.7189 0.4912 0.3295

Values with different superscripts within a column are significantly different (p < 0.05). BSFP: Black soldier fly powder, BSFPr: Black soldier fly puré, BSFL: Black soldier fly larvae; TP: Total protein, AL: Albumin, TCh: Total
cholesterol, TG: Triglycerides, UA: Uric acid, T3: Triiodothyronine, T4: Thyroxine, LDL: Low-density lipoproteins, HDL: High-density lipoproteins
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Blood plasma constituents

The influence of different forms of black soldier fly supplementation on blood plasma constituents is shown in
Table 3. The substitution of 2% BSFP increased total protein (p < 0.05), HDL (p < 0.05), and total cholesterol (p > 0.05),
but decreased uric acid level (p > 0.05). Moreover, 4% BSFP substitution increased LDL significantly (p < 0.05) and
thyroid hormone T4 insignificantly (p > 0.05), and decreased HDL level significantly (p < 0.05). However, the lowest
level of total protein and the highest level of triiodothyronine were observed in 6% BSFP, on the other hand, 4% and 6%
BSFPr caused the lowest level of triglycerides (p < 0.05) and HDL level, respectively (p < 0.05). The highest albumin
and triglycerides levels were recorded at 6% BSFL and control groups, respectively (p < 0.05). According to the result of
Attivi et al. (2020), any BSF meal inclusion level below 8% had a negative impact on protein digestion. The delivery of
BSF larval meal to Japanese broiler quails had a substantial impact on physiological indexes (p < 0.05, Ddrper et al.,
2021). The present results are partially agreed with those reported by Marono et al. (2017) and Loponte et al. (2017) that
BSF incorporation in the diet has been shown to improve the blood profile of laying hens. On the contrary, Schiavone et
al. (2017b) reported the replacement of soybean oil in their diet with 50% or 100% BSF larvae had no effect on the blood
profile of Ross 308 broilers at 35 days of age.

Humoral immune response

The effect of dietary various BSF larvae levels on the humoral immunity (HI) antibody titers against Newcastle
disease virus is presented in Table 4. The HI antibody titer fluctuated among groups from age to age. At 18 days of age,
2% BSFPr, 4% BSFPr, and 6% BSFL levels had the highest titer. At 23 days of age, 2% BSFP, 4% BSFPr, and 6%
BSFPr had the highest titer while 4% BSFP had the lowest. At 28 days of age, the highest values were recorded for 2%
BSFL, 4% BSFP, and 4% BSFPr levels. Previous research demonstrates that some amino acids and peptides in BSFL
feeding can help the experimental quails' immune systems (Harlystiarini et al., 2020). According to Rumpold and
Schliiter (2013), BSFL as an insect should be used as a source of animal protein in chicken production. Insects could be
useful in the production of a variety of bioactive chemicals with beneficial qualities. Insects are beneficial not only as a
rich source of protein in food and feed supply but also as a source of pharmacological and medicinal compounds that
could preserve life and livestock from a variety of ailments (Hirose et al., 2013). For the _ENREF_43_present study no
immunostimulant drug was used, therefore, it was assumed that the chicks naturally expressed their antibodies against
the Newcastle virus.

Table 4. The influence of different forms and levels of black soldier fly on humoral immunity antibody titer against
Newcastle disease virus in broiler chickens
Newcastle disease virus titer

Treatment 18 Days 23 Days 28 Days

BSFP 2% 4.00+0.85" 7.00+0.752 6.00+0.63"
BSFP 4% 5.00+0.85°¢ 433+0.75" 8.67 +0.63"°
BSFP 6% 5.33+0.85' 6.33+0.75"° 6.67 +0.63°
BSFPr 2% 9.00 +0.81°2 5.00 +0.42° 6.00 +0.39"
BSFPr 4% 8.00+0.81° 6.33+0.42° 8.00 +0.39°¢
BSFPr 6% 7.33+0.81° 7.00 +0.42°2 4.67+0.39"
BSFL 2% 4.00 057" 5.00 +0.80° 9.00 +0.37°2
BSFL 4% 4,00+0.57" 5.67+0.80 ¢ 7.33+0.37¢
BSFL 6% 8.33+0.57" 6.00+0.80° 5.33+0.37¢
Control 5.67 + 0.42° 6.00 £0.30° 6.67 +0.50°
P-value 0.0001 0.5889 0.4904

Values with different superscripts within a column are significantly different (p < 0.05). BSFP: Black soldier fly powder, BSFPr: Black soldier fly
puré, BSFL: Black soldier fly larvae, HI: Humoral immunity, NDV: Newcastle disease virus, DS: Days of age.

Intestinal bacteriological counts

Beneficial bacteria and Proteus species results are shown in Table 5. Generally, dietary inclusions with BSF larvae
significantly promoted the proliferation of benefits, such as bacteria microbiota, except for both 2% BSFP and 2%
BSFPr (p < 0.05). On the other hand, the inclusion of BSFP 2% inhibits Proteus species more than the other groups.
Moreover, the inclusion of 6% BSFP, 2% BSFPr, 4% BSFPr, 6% BSFPr, 2% BSFL, 4% BSFL, 6% BSFL and control
did not significantly inhibit E. coli proliferation (p > 0.05), at the same time, they significantly inhibited Enterobacter
species proliferation (p < 0.05). However, BSFP at levels of 2% and 4% promoted the proliferation of E. coli and
Enterobacter species, respectively. The antibacterial effectiveness of BSF larvae extracts against Salmonella species and
E. coli species as Gram-negative bacteria was demonstrated by Harlystiarini et al. (2020) who discovered that the
methanol extract of BSF larvae was a little more susceptible to E. coli bacteria versus Gram-positive bacteria. This
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difference in sensitivity could be due to a change in how ribosomes or other components from bacteria’'s membrane cells
interact with the active chemical in BSFL (Choi et al., 2012). The effect of a pharmaceutical extract of BSFL was studied
on E. coli by Choi et al. (2012). After the larvae were extracted using various types of organic solvents, antibacterial
activity was determined using the agar disc diffusion method and turbidimetry assay. The antibacterial activity of the
methanol extract (ME) was demonstrated against the proliferation of Gram-negative bacteria, such as Shigella sonnei,
Klebsiella pneumoniae, and Neisseria gonorrhoeae. Gram-positive bacteria, including Bacillus subtilis, Streptococcus
mutans, and Sarcina lutea, on the other hand, had no antibacterial effect. According to (Pan et al., 2009), the inhibition
zone diameter created by BSF larvae extract was over 6 mm, indicating high antibacterial action for both species.
Furthermore, BSF larvae extract had slightly better antibacterial activity against Salmonella species than it did against E.
coli. Antimicrobial peptides (AMPs) were synthesized in the fat body and subsequently released into the hemolymph to
provide humoral immunity (Tsakas and Marmaras, 2010). The AMPs molecule was detected in all living creatures,
including bacteria and humans. Antimicrobial peptides were an element of the innate immune system of insects, among
which defensin has been identified in insects (Zasloff, 2002). It was indicated that the creation of a channel in the
cytoplasm membrane of bacteria was the general mode of action of insect defensin (Yi et al., 2014). Cardiolipin, the
major phospholipid in bacteria, has a strong affinity for defensin. This interaction between defensin and phospholipid
may induce microheterogeneity in the lipid membrane, which may be associated with the creation of channels that are
responsible for the defensin's biological activity (Yi et al., 2014). Chitin and lauric acid in black solidier fly work as
antimicrobial compounds against harmful bacteria thtough their cationic characteristic that hold harm bacteria prevent
them to penetrate the call membrane (Je and Kim, 2006; Yi et al., 2014) .

Table 5. The influence of different forms and levels of black soldier fly on intestinal bacterial counts in broiler chickens

Treatment Beneficial bacteria Escherichia coli Proteus species Enterobacter species
BSFP 2% 9.27+0.15°¢ 6.33+0.16 - 5.49 +0.11
BSFP 4% 9.64 +0.15%° 6.56 + 0.16 4.88 +0.26 6.18 +0.11
BSFP 6% 9.74+0.15* - 5.12 +0.26 -
BSFPr 2% 8.31+0.15¢ - 4.25 +0.26 -
BSFPr 4% 9.41+0.15% - 5.05 + 0.26 -
BSFPr 6% 9.91+0.15% - 4.48 +0.26 -
BSFL 2% 9.46+0.15%° - 4.38 +0.26 -
BSFL 4% 9.68+ 0.15%° - 4.35+0.26 -
BSFL 6% 9.84+0.15% - 4.88 +0.26 -
Control 9.35+0.15°¢ - 5.03 +0.26 -
P-value 0.0001 0.3231 0.1245 0.0014

Values with different superscripts within the column are significantly different (p < 0.05). BSFP: Black soldier fly powder, BSFPr: Black soldier fly
puré, BSFL: Black soldier fly larvae.

CONCLUSION

It was concluded that BSF larvae with its two forms (black soldier fly powder and black soldier fly puré) can be used as
a protein source rather than soybean meal and the deleterious effects were not seen on broiler chickens during the present
study. The two forms of larvae improved immunological status and suppressed E. coli, Enterobacter, and protues count.
The BSF larvae could increase the beneficial bacteria in the intestine of broiler chickens notably. The black soldier fly
powder at a level of 4% was recommended which can be replaced with soybean content in broiler chicken diets.
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ABSTRACT

Rats are the natural diet of many free-ranging carnivores. They are also fed to small carnivore mammals, raptor
birds, and reptiles in captivity as a sole or partial diet, however, little is known about the nutrients that a rat can
provide as animal feed. This study aimed to determine the nutritional content of the whole captive-bred Norway rats.
A total of 12 randomly selected weaned male and female Wistar Norway rats were fed ad libitum with a local dry
dog food diet. The rats were weighed weekly until an average weight of 300 g was reached. Biochemical and
mineral analyses were carried out for each rat. The results of the study showed significant differences between male
and female rats in terms of growth rate, crude protein, total fat, and calcium concentrations. Males presented a faster
growth rate and reached the desired weight in around half the time (6 weeks), compared to females (13 weeks).
Moreover, males had a higher percentage of crude protein (23.57%) on a fed matter basis, calcium (2.61%), and
phosphorus (0.98%). Females showed higher total fat (13.92%) and lower crude protein (19.49%), calcium (0.54%),
and phosphorus (0.47%), compared to males. The results of this research may be used to determine whether a whole
rat can provide all the necessary nutrients to carnivore animals commonly kept in captivity. Present findings
indicated that rats could provide the necessary nutrients, however, if given as a sole diet, they could not be enough to
supply the nutritional requirements of animals in the long term.
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INTRODUCTION

Nutrition affects the health, growth, reproduction, availability of key nutrients, and longevity of different animals
(Moraal et al., 2012; Wilder et al., 2013). Wild animals instinctively know what to hunt or forage for to survive. The
way free-ranging animals choose their diet is a very complex behavior as they use a wide variety of morphological,
physiological, and anatomical adaptations (Ferndndez et al., 2021). Wild predators mostly select their prey based on
macronutrient composition or selectively feed on specific body parts to obtain the nutrients they need (Kohl et al., 2015).
However, captive animals should feed the supplied food, and they mostly suffer from nutrient deficiencies. Since the
natural diet of wild animals in a captive feeding situation can rarely be supplied, they are given a substitute diet that
causes different diseases related to dietary management (Liesegang et al., 2008).

It has to be taken into consideration that no studies have been conducted so far to investigate the exact requirements
of captive wild animals concerning their different existing species due to the difficulty in obtaining a large humber of
blood, urine, and feces samples. Generally, combinations of the nutritional requirements of well-studied domestic
carnivores and certain omnivores (minks and foxes), are established as guidelines to feed wild carnivores in captivity
(AZA Small Carnivore TAG, 2011). The cat is typically the model species used to establish nutrient requirement
guidelines for captive carnivorous, such as big cats, otters, herpestids, and euplerids (AZA Small Carnivore TAG, 2009;
AZA Small Carnivore TAG, 2010), while the dog’s nutritional requirements are used as a baseline for slightly
omnivorous carnivores, including large canids and mustelids (AZA Small Carnivore TAG, 2011).

Small prey animals, such as mice and rats, which are a common natural food source for most reptiles, raptors, and
small mammals, are often fed to captive wildlife, as is the case of zoo animals and exotic pets (Kleiman et al., 2010).
This is based on the belief that whole preys are similar to the natural diet of some carnivores and are commonly
presumed to meet nutrient requirements as long as nearly all soft tissues and some bones or other calcified tissues are
consumed (Dierenfeld et al., 2002). For wild animals deprived of their natural ecosystem and free-ranging habits,
in terms of nutrition, a whole vertebrate prey contains essential amino acids, vitamins, and other nutrients;
in terms of behavior, it provides an important form of environmental enrichment improving their biological functioning
by stimulating their natural foraging behavior (Cooper and Williams, 2014).
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Since the 19" century, Norwegian rats (Rattus norvergicus) have become domesticated on a large scale and
produced various forms of the laboratory rat, adapting to conditions imposed by humans (Barnett, 2002). This has
resulted in a genetically different population from the original wild type, which is more docile and tolerant of greater
crowding, rarely attacks or escapes, and produces more pups by mating earlier and having a longer life reproductive
period (Barnett, 2002). Therefore, many companies breed rats and other prey animals specifically for food to supply the
exotic pet market, zoos, and aquaria (Ballard and Cheek, 2016). These rats and mice can be purchased from these
companies at different ages as well as in various sizes, including other vertebrates (Ballard and Cheek, 2016).

Generally, rats can be bought as males or females without any distinction. However, some studies have shown that
testosterone plays a crucial role in the development of muscle tissue by influencing protein metabolism (Tipton, 2001;
Bell, 2018) and bone mass development (Quiros et al., 2020), while estrogen affects body fat distribution and storage
(O'Sullivan, 2009; Lizcano and Guzman, 2014; Bell, 2018). Rats produce low levels of testosterone and estrogen at birth,
which slowly increase as they reach puberty (Bell, 2018). In a study by Bell (2018), testosterone and estrogen
concentrations were recorded in both males and females from birth. While both genders showed low concentrations of
testosterone during the first 19 days of age, testosterone increased dramatically in males as they aged 40-60 days. Similar
to testosterone, both sexes produce low levels of estradiol, an estrogen steroid hormone, which then increases in females
at puberty and during every estrus cycle. As reported, after a peak of estradiol concentration around day 15 in both sexes,
estradiol concentration increased only in females until day 39 and it then begins to fluctuate every 4 to 5 days. It could be
concluded that whole post-pubertal male rats have higher protein values due to increased testosterone, which contributes
to differences in musculature. On the other hand, estrogen in females enhances their body fat.

Although rats are used so extensively around the world for this purpose and fed to many species of animals, little
information is available on the nutritional content of the whole captive-bred Norway rats and whether they can provide
all the necessary nutrients to the feeding animal (Kleiman et al., 2010). Therefore, this study aimed to examine the
values of moisture, crude protein, total fat, ashes, and minerals found in a whole Norway domesticated rat.

MATERIALS AND METHODS

Ethical approval

The rats in the current research were treated and euthanized following the guidelines passed by the institutional
ethics committee for the care of animals and approved by the Postgraduate Bioethics Committee of the Faculty of
Veterinary Medicine and Zootechnics at the certificate reference code of EEPVirtual.51.2020. The selection of the
experimental animals and use of materials was authorized by the Institutional Committee for the Care and Use of
Laboratory Animals of the Faculty of Chemical Sciences and Pharmacy at certificate reference code of CICUAL-
CCQQF-03-2020. Both committees are part of the University of San Carlos of Guatemala, in Guatemala City,
Guatemala.

Experimental sites

The current study was performed in three different research institutes, all located inside the main campus of the
University of San Carlos of Guatemala, in Guatemala City, Guatemala. The sample selection, maintenance, feeding and
weighing, and euthanasia of the experimental animals were done in the Amarilis Saravia Bioterium, in the pharmacology
research area of the Faculty of Chemical Sciences and Pharmacy. The proximal chemical analysis was carried out in the
Laboratory of Bromatology of the Faculty of Veterinary Medicine and Zootechnics. Finally, the chemical analysis of ash
was performed in the Soil, Water, and Plant Analysis Laboratory of the Faculty of Agronomy.

Sample selection

A total of 12 captive-bred Norwegian weaned rats of the Rattus norvergicus albinus species, Wistar breed, were
used in this study. Six males and six females were randomly selected from 12 different litters that were available at the
time of the study, with an approximate weight of 50-80 g and an age range of 20-25 days. The rats of the same sex were
put together as an experimental group to avoid unwanted reproduction and prevent depression due to social isolation.

Maintenance of experimental animals

Each group was placed in transparent plastic boxes of 12 liters (40 x 28 x 10 cm), with an aluminum lid of 1 mm
diameter galvanized wire mesh with openings of 12 x 12 mm, on which the food and the water bottle were placed to
avoid contamination with the animals’ wastes. Animals were maintained in an air-conditioned room with a constant
temperature of 21-23°C, a 12-hour day-night cycle, 45% humidity, and controlled ventilation. Box and bedding changes
were made every three days. The boxes were disinfected with soap and chlorine before their use. Thin pine chips from a
local sawmill were used as a substrate, fumigated with the pyrethroid cypermethrin (Dismetrina 25 EC, formulated by
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Disagro in Escuintla, Guatemala), and dried in the sun for 4 days to eliminate probable harmful microorganisms and
parasites.

Feeding and weighing

All rats were fed the commercial dry food for adult dogs of the brand Rufo by Concentrados Aliansa, made in
Guatemala ad libitum. This feeding was chosen because small producers of rats and mice in Guatemala commonly use
dry commercial dog food to feed rodents sold as prey that are the most inexpensive ones. Rufo and Rambocan made by
Concentrados Aliansa, a Central American feed manufacturer based in Guatemala, El Salvador, Honduras, and Costa
Rica, are the most used ones for this purpose since the price range from 1.00 to 2.00 US Dollars per kilogram. The
average quantity of food provided daily was a one-quarter cup, about 30 g of dry dog food, per rat during the first and
second week. This amount increased to half a cup, about 60 g, during weeks three and four. From week five, each rat
daily received one cup, about 120 g. All rats were fed until they reached the minimum weight of 300, which took 6
weeks for males and 12 weeks for females. Drinking water was filtered from the tap and placed in rodent water bottle
dispensers. The animals were weighed without nil per os (NOP) on the first day of every week from the beginning of the
experiment until the day of the euthanasia to observe the weight gain. The weights were obtained using a digital kitchen
scale with a removable plastic container without the need for anesthesia or restriction of movement. On a weighing day,
a physical health examination was also performed to follow the guidelines of the bioethics committee.

Euthanasia

Upon reaching an average weight of 300 g, the rats were euthanized by the researcher according to the guidelines
recommended in the IUCN code of ethics and the AVMA guide for the euthanasia of animals. According to Flecknell
(2009), lidocaine in rodents should not exceed 10 mg/kg for local and regional anesthesia. With this in mind, an overdose
of 1 ml of Lidocaine HCL 2% was injected intraperitoneally into each rat to provide analgesia and anesthesia.
Subsequently, intrathecal injection of 0.6 ml of Lidocaine HCL 2% was used through the foramen magnum using a 1 mL
syringe, with a 25 gauge, and 16 mm needle. In order to gain proper access to the foramen magnum, the rat’s head was
bent down about 45 degrees with one hand while the needle was inserted with the skillful hand into the cerebello-
medullary cistern through the atlantooccipital junction (Zolhavarieh et al., 2011). Lidocaine causes a relatively rapid loss
of cerebrocortical function (brain death) when administered intrathecally to anesthetized animals and leaves relatively
low tissue residues and is not expected to pose hazards to scavenging animals that might feed on the carcass (AVMA,
2020). The bodies were identified, individually placed in airtight bags whole, and frozen for 2 months until the
laboratory of bromatology reopened its doors to the public after the COVID-19 lockdown of 2020.

Biochemical analysis

The proximate composition analysis was used to determine the percentage of moisture (dry matter), crude protein,
ether extract (total fat), crude fiber, ash (total minerals), and nitrogen-free extract (NFE). The analysis was performed for
each rat to see if there were marked differences in the nutritional values between individuals. To determine the amount of
moisture, oven drying methods were used to obtain the partial and total dry matter. The rats were thawed at room
temperature and chopped into pieces with a kitchen ax to reduce the drying time. The pieces were spread on a tempered
glass tray and introduced into a forced draft oven, where they remained for 72 hours at 60°C until around 80% of the
moisture was removed, obtaining partial dry matter (Gregg, 2016). The samples were weighed daily to see the reduction
in humidity. The partial dry matter was ground to a particle size < 2 mm in a hammer mill to obtain a homogeneous
sample and stored in individual airtight containers. Subsequently, to obtain the total dry matter, 5 g of the homogeneous
sample of each rat were placed in a draft air oven at 105°C for 24 hours (Gregg, 2016).

The macronutrient values were determined following the Association of Official Analytical Chemists methods
(AOAC, 2019), except for ether extract. Crude protein determination was carried out using AOAC 976.05 (Kjeldahl
Method), with a Kjeldahl Auto 1030 analyzer using 1 g of the partial dry matter sample. The extraction of fat was carried
out with 2 g of partial dry matter in accordance with the Randall technique using a Soxhlet SER 148/6 solvent extractor
(Gregg, 2016). The crude fiber was obtained using 1 g of the remnants of the ethereal extract according to AOAC 962.09
(Ceramic Fiber Filter Method) in a Fibertec System I. Total ash determination was conducted according to AOAC
942.05, where 5 g of the partial dry matter was introduced into a muffled furnace and heated to 600°C for 2 hours.
Finally, to obtain the amount of nitrogen-free extract, the formula introduced by Gregg (2016) was applied: NFE = 100 —
(Crude protein % + Total fat % + Crude fiber % + Ash %).

Mineral analysis

For the chemical analysis of minerals, 5 g of the partial dry matter obtained during the biochemical analyses were
used to calculate the percentage of macroelements (phosphorus, calcium, potassium, and magnesium) and values in parts
per million (ppm) of microelements (copper, zinc, iron, and manganese) for each rat. The destruction of the organic
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matter, for the removal of interferents or water, was performed by the Dry Combustion Method, where the samples were
subjected to a high temperature of 450°C in a muffle furnace for 4 hours until they were incinerated (Schumacher, 2002).
The minerals were recovered with 1N HCI and then the determinations were made. For phosphorus, the quantification
was carried out using the Ultraviolet Reflectance analysis with a Perkin EImer Lambda 11 UV/VIS Spectrophotometer
made in Germany (Kulkarni et al., 2014). The rest of the minerals were determined by Atomic Absorption Spectroscopy
(AAS), using a Perkin EImer AAnalyst 100 Spectrometer made in the United States (JOVE Science Education Database,
2022).

Statistical analysis

Sex differences in biochemical and mineral content and comparisons between them were analyzed using the Mann-
Whitney U statistic or the Student's t-test. The means and population standard deviation were calculated for each nutrient
of each sample using a population size (N) of 6 for each sex. The confidence intervals were analyzed using the online
confidence interval calculator software MathslsFun.com v0.912 (Pierce, 2021).

RESULTS

Weight gain

The results of weight gain are shown in Graph 1. There was a great difference between the growth rate of the males
and the females. All the males reached the desired weight (around 300 g) in only 6 weeks from the start of the
experiment (between 62 and 67 days of age) while the group of females took more than twice the time (13 weeks,
between 111 and 116 days of age). The heaviest rats on their last day of life were the female rat Number 5 with 360 g
and the male rat Number 5 with 349 g. All the rats reached values above 300 g except for one female rat (Number 6),
maintaining 273 g from week 12 to week 13. The lightest male rat was Number 3 with 303 g.

Biochemical analysis

The results of the biochemical analysis are presented in Table 1. All data except moisture and dry matter content
(DMC) is presented on both a dry and fed matter basis. On a dry matter basis, data contains 0% water. On a fed basis,
the data shown includes the moisture percentage. Males presented a higher percentage of moisture and ash than females.
They also had more protein (68.64%) and lower lipids (16.55%) than females (51.35% and 36.60%, respectively). Both
sexes showed no significant difference in carbohydrate percentage (p < 0.05). The confidence intervals, shown in
parenthesis, were also smaller in males, indicating more variations between the values of the females.

Mineral analysis

The results of the mineral analysis are presented in Table 2. All the data was obtained based on the partial dry
matter of the bromatological analysis. Regarding mineral analysis, the greatest difference between the two groups was
found in males as they showed five times more calcium (2.61%) than females (0.54%). While females presented higher
levels of potassium and copper, males had a greater quantity of the other minerals. The confidence intervals showed a
very small variation in most minerals, except for iron in both males and females at 150.83 + 23.4 ppm and 114.17 + 30.9
ppm, respectively.

Requirements for small carnivores

To ensure the nutritional content of whole Norway rats can meet the dietary requirements of some small carnivore
animals normally kept in captivity, the necessary information was gathered from multiple sources and summarized in
Table 3 for the convenience of the reader. As reported by AZA Raptor TAG (2010), there are no documented dietary
needs for raptors or vultures; therefore, target nutrient ranges are developed using a mix of the requirements of a strict
carnivore (domestic cat) and big poultry (turkey). Bigger carnivores, such as big cats, larger canids, and hyenas were not
included due to their size and the number of rats needed to fulfill their daily intake of nutrients. Carnivore reptiles, such
as lizards and snakes, were excluded since no nutritional requirements were found.

According to Table 3, the crude protein percentage of the male rats (23.57%) in the current study on a fed matter
basis is within the minimum range of daily needs of most small mammals and the bird of prey (Andean condor), except
for domestic cats and otters, which need at least 26% and 24% of crude protein, respectively. Female rats are a better
option when it comes to crude fat requirements for most animals. Otters also require a higher percentage of fat (15-30%)
than the fat provided by female rats (13.92%). For mink and foxes, the fat percentage was not mentioned in the studies
by NRC (1982) about their nutritional requirements, and their study was the only one found in this subject area. The
mineral requirements for most of the animals in Table 3 can be supplied with a whole rat. Male rats are best to fulfill
calcium, phosphorus, and manganese requirements, while female rats are a better option to provide the potassium,
magnesium, copper, and iron nutritional needs. Cats and dogs require higher levels of potassium (0.60%) and zinc (75
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ppm and 80 ppm, respectively) than those provided by rats. The Andean condor needs higher levels of copper (> 9 ppm),
zinc (> 75 ppm), and especially manganese, which is more than 67 ppm.
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Graph 1. Male and female rats’ weight gain in grams. M: Males, F: Female

Table 1. Biochemical analysis of the adults Norway rats

Nutrient (%) Males - Dry Males - Fed Females - Dry Females - Fed
Moisture 65.68 + 0.66 62.09 +1.63
DMC 34.32 £0.66 - 3791+1.63
Crude protein 68.64 + 1.35 23.57+0.79 51.35+2.30 19.49 +1.35
Total fat 16.55+1.48 5.67 £0.41 36.60 +2.68 13.92+1.38
Crude fiber 1.78 £0.42 0.61+£0.15 1.82+0.28 0.69 £0.10
Ash 11.11 £ 0.65 3.81+£0.22 9.48 £2.22 3.57+£0.77
NFE 1.93+1.10 - 1.66 £1.67

All data are means; a confidence interval of 95%, N: 6 for each sex. DMC: Dry matter content, NFE: Nitrogen-free extract

Table 2. Mineral analysis of the adults Norway rats

Mineral Males Females
Calcium (%) 2.61+041 0.54 +0.06
Phosphorus (%) 0.98+0.13 0.47 £ 0.05
Potassium (%) 0.25 +£0.02 0.46 £ 0.07
Magnesium (%) 0.11+0.01 0.07 £0.02
Sodium %() 0.26 £ 0.02 0.20+£0.01
Copper (ppm) 3.67+£1.51 8.00 +£0.00
Zinc (ppm) 74.17 +5.38 52.17 +3.28
Iron (ppm) 150.83 + 23.40 114.17 +30.90
Manganese (ppm) 7.50 +2.00 3.67 £ 0.60

All data are means + the margin of error with a confidence interval of 95%, N: 6 for each sex.
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Table 3. Nutritional content of Norway rats and carnivore requirements

Nutritional Birds of prey
content Carnivore mammal nutritional requirements nutritional
requirements
. Domestic Domestic 3 Herpestids/ Omnivore Carnivore . 8 9
Nutrient Norway rat cat ! dog 2 Otters Euplerids 4 mustelids® mustelids © Mink Foxes Andean condor
CP (%) Zlﬁg'\F" 26.00 18.00 2400-3250  19.70-3250  17.50-26.00 10703250  21.80-26.00  19.70 >20.00
Fat (%) e b 9.00 5.50 1500-30.00  9.00-30.00 5.00-8.50 9.00-30.00 >10.00
Ca (%) 20%14';" 0.60 0.50 0.60-0.80 0.29-1.00 0.50-1.20 0.50-1.00 0.30 0.60 0.80-2.50
P (%) Py 0.50 0.40 0.60 0.26-0.80 0.50-1.00 0.50-0.80 0.30 0.40 0.39-0.72
K (%) %i‘%'\F" 0.60 0.60 0.20-0.40 0.40-0.60 0.40-0.60 0.40-0.60 0.40-0.67
Mg (%) %1017'\F" 0.04 0.06 0.04-0.07 0.03-0.08 0.04-0.06 0.03-0.08 0.04-0.06
Na (%) %22%'\F" 0.20 0.08 0.04-0.06 0.05-0.40 0.04-0.30 0.05-0.40 0.50 0.50 0.10-0.13
Cu (ppm) %%70'\;' 5.00 7.30 5.00-6.25 5.00-8.80 6.00-12.40 5.00-8.80 >9.00
Zn (ppm) 75‘;1177'\;' 75.00 80.00 50.00-9400  50.00-94.00  50.00-120.00  50.00-94.00 >75.00
150.83 M
Fe (ppm) o083 N 80.00 40.00 80.00-114.00  80.00-114 30.00-00.00  80.00-114.00 >80.00
Mn (ppm) 737607';;' 7.60 5.00 5.00-9.00 > 67.00

Crude Protein (CP) and Total Fat are presented on a fed matter basis. Minerals are based on a dry matter basis. M: Male rats, F: Female rats.
Nutritional requirements are for adult animals in maintenance. Values are the minimum nutrient requirements in their diet.

12 AAFCO (2014) Cat and dog food nutrient profile based on dry matter.

® AZA Small Carnivore TAG (2009) Otter target nutrient ranges based on dry matter.

* AZA Small Carnivore TAG (2011) Mongoose, meerkat, & fossa target nutrient ranges based on dry matter.

® AZA Small Carnivore TAG (2010) More omnivorous mustelids (skunk and tayra) target nutrient ranges based on dry matter.

& AZA Small Carnivore TAG (2010) More carnivorous mustelids (badger, ferret, fisher, wolverine) target nutrient ranges based on dry matter.
"®NRC (1982) Mink and Fox Nutrient Requirements based on dry matter.

°® AZA Raptor TAG (2010) Andean condor target nutrient ranges based on dry matter.
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DISCUSSION

During the experiment, it was observed that male rats presented a faster growth rate and higher body mass, compared to
females. For females, it took 13 weeks to reach the desired weight (approximately 320 g), which was twice the time
needed for males (6 weeks). Most adult male mammals are usually larger and heavier than females. Maximum body
weight in adult male and female Wistar rats has been reported to be 677.3 + 9.2 g and 463.3 + 8.6 g, respectively, and is
attained by postnatal day 100 in males and slightly sooner in females (Ghasemi et al., 2021). These differences in weight
between males and females have been attributed to being affected by sex hormones as testosterone enhances muscle
growth and influences bone density, while estrogens inhibit female growth (Quirds et al., 2020). As reported by Tripton
(2001), male rats have a bigger body mass and a faster growth rate due to the effects of testosterone on the regulation of
body growth, while estrogens in females suppress growth rate and muscle hypertrophy.

The percentage of macronutrients in the rats of this experiment showed that males had an approximate protein:
lipids: carbohydrates ratio of 69P:17L:2C while females had less crude protein and higher values of total fat,
51P:37L:2C (Table 1). It was found that testosterone also improved net muscle protein balance by stimulating muscle
protein synthesis, decreasing muscle protein degradation, and improving the utilization of amino acids (Bhasin et al.,
2003). Another factor that could be explained by the effect of hormones is the higher values of total fat observed for the
female group. The accumulation of crude fat in females begins to increase at puberty and persists throughout adulthood,
giving them a higher body fat percentage than males (O'Sullivan, 2009). A low testosterone level or testosterone
deficiency deregulates lipid and glucose metabolism, resulting in increased adiposity in the liver and peripheral tissues
(Baik et al., 2020). This means that the low concentrations of testosterone in females can be associated with decreased
muscle mass and increased fat mass, which was in accordance with the findings of a study by Singh et al. (2003) on
mice. Estrogen, as well as testosterone, affects adipocyte physiology. Due to estrogen's ability to reduce postprandial
fatty acid oxidation, more fat is stored in the body, explaining the increased body fat in females (O'Sullivan, 2009). The
effect of estrogen in males is not like that of females so estrogen is insufficient to promote body fat in males (Bell, 2018).

Regarding the mineral analysis, male and female rats differed significantly in terms of calcium percentage at 2.61%
and 0.54%, respectively. Calcium is the most abundant mineral in the body, followed by phosphorus, and greater than
99% of it is stored in bone tissue in vertebrates (Institute of Medicine, 1997). The remainder is present in the blood,
extracellular fluid, muscle, and other tissues, where it plays a role in mediating vascular contraction and vasodilation,
muscle contraction, nerve transmission, and glandular secretion (Institute of Medicine, 1997). The only study that
recorded calcium levels in rats was the one conducted by Sherman and MacLeod (1925). After they recorded the calcium
content of the body in different ages of rats of both sexes, the findings indicated the fact that pubertal males have more
calcium percentage than females. At 15 and 30 days of age, the females presented slightly higher values of calcium than
males, but from 60 days onward, calcium content slowly increased in males, which was even above that of the female
rats (Sherman and MacLeod, 1925). As concluded, the gross weight of calcium in the body is higher for males than
females since the average weight of the males is greater, but more recent studies have shown other factors like the
physiology of calcium absorption that may explain these differences.

Calcium is absorbed by active transport (dependent on Vitamin D) and passive diffusion across the intestinal
mucosa (Institute of Medicine, 1997). Intestinal absorption is predicted to be halved in 2 months old females, compared
with young males, mainly because vitamin D3 levels are 50% lower in females (Granjon et al., 2016). While this will
affect the amount of calcium absorption in the bones, it does not fully explain the reason females in this study had 4
times less calcium than males. Another factor could be the effect of sex hormones, which is similar to the effect they
have on body mass, protein concentration, and fat gain. Testosterone is responsible for mediating bone mineral quantity
in males by stimulating their body growth and thus increasing bone size and mass, while estrogens in females affect the
development of the appendicular skeleton by suppressing their growth (Quir6s et al., 2020). Zhang et al. (1999) studied
the effects of gonadectomy on bone values in male and female rats and indicated that testosterone and growth hormone
are growth-promoting in growing male rats, producing independent effects on bone size and mass. Moreover, they
revealed that in growing female rats, estrogen was growth limiting at appendicular sites.

Phosphorus concentrations were higher in males (0.98%) than females (0.47%), which then showed higher levels
of potassium (0.46%), compared to the values shown in males (0.25%). Mineral concentrations and the effects of gender
on rats have not been widely studied. Variability in trace element composition can be caused due to several possible
reasons, including the influence of different dietary trace mineral levels, gender-specific metabolism, varying accuracy
of analytical techniques, and contamination of the samples (Dierenfeld et al., 2002). An old study performed by Sherman
and Quinn (1926) determined phosphorus content in rats and no other recent studies were found in this area. They
recorded that after 15 days of age phosphorus concentrations averaged higher in the males than the females because of
their greater average body weights. The concentrations in males and females were the same by day 21 and then females
showed higher percentages of phosphorus than males of the same age from day 28 onwards (Sherman and Quinn, 1926).
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This means that age could act as a factor that leads to a higher percentage of phosphorus in males since male rats in this
study were 6 weeks younger than females.

CONCLUSION

Comparisons between the results of this study and the nutritional requirements of certain small carnivores showed that
rats could provide the necessary nutrients, however, if given as a sole diet, they could not sufficiently supply the
requirements these animals need in the long term. While male rats would be a better option for crude protein and calcium
requirements of most carnivore animals, females fulfill best the target nutrient level of total fat. Differences found in
growth rate, nutrient, and mineral composition can be attributed to the effect of sex hormones in males and females since
testosterone and estrogens impact body growth, fat storage, and bone size and mass. The rat’s gender should be taken
into consideration since the level of nutrients an animal can obtain will differ if given a male or female rat as feed. Solid
conclusions are difficult to make since many factors can affect the nutritional composition of a feed, such as age, diet,
and storage time after death. Further studies are needed to be made to see the effect of those variations, as well as the
exact nutritional requirements for each species of animal, desired to feed.
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ABSTRACT

Bats and blood-sucking bat flies have an important role in transmitting several hemoparasites. Bat flies have been
identified as vectors transmitting hemoparasites from wild bats. The purpose of the present study was to identify bats
and their blood-sucking flies as vectors of hemoparasites in bat caves located at Lombok Island, Indonesia. In the
course of the study, a survey was conducted on three bat caves from September to December 2018. The bats were
captured by a net trap and the species of bats and bat flies were identified. A total of 66 captured bats were identified
as Hipposideros species (n = 28), Eonycteris spelaea (n = 23), and Taphozouss species (n = 15). The blood-sucking
flies were identified as Eucampsipoda sundaica on Eonycteris spelaea, and Stylidia cf. euxesta, Brachytarsina
species, Raymondia species, and Megastrebla nigriceps on Hipposideros species. The results showed that five
species of blood-sucking flies were present in captured bats. The bat and blood-sucking flies can influence the
transmission of Polychromophilus species, Babesia species, Plasmodium species, and Trypanosoma species to
humans and other hosts.
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INTRODUCTION

Bats (Chiroptera) are unique mammals residing in large groups in caves. Bats and bat flies have an important role in
transmitting several hemoparasites, including those which infect bats, such as Babesia species, Plasmodium species, and
Trypanosoma species. Bat flies had been reported as vectors of hemoparasites, specially Polychromophilus
species parasite (Obame-Nkoghe et al., 2016). Bats are the only mammals with the ability to fly and they are categorized
into more than 1,100 different species (Calisher et al., 2006). Bats also have a high percentage of Lymphocytes and
Monocytes as effectors of adaptive and innate immunity (Sa’diyah and Situmorang, 2020). Lombok Island has many
caves where massive colonies of bats which are known hosts of blood-sucking ectoparasites live, however, little is
known about bats and their blood-sucking flies can be potential vector transmission of hemoparasites in the island.

Species of bats, such as Hipposederos bicolor, Eonycteris speleae, and Taphozous achates have been recently
identified from bat caves in Lombok Island (Agustin et al., 2019). Han et al. (2018) reported that 13.3% of 107
insectivorous bats were infected by Babesia vesperuginis. Several years before that, Schaer et al. (2013) documented that
Plasmodium species. has infected insectivorous bats and fruit bats in Africa. The presence of Rickettsia species. and their
ectoparasites (Diptera and Siphonaptera) on the bats have also been documented across South Africa and Swaziland
(Dietrich et al., 2016). Also, 0.7% of Trypanosoma species. was recovered from 400 blood bat samples in Madagascar
(Raharimanga et al., 2013). About 15 species of bat flies, Nycteribia triangularis, Stylidia cf. euxesta, Stylidia cf.
caudata, Basilia hispida, Archinycteribia octophalma, Eucampsipoda penthetoris, Eucampsipoda sundaica,
Leptocyclopodia ferrari, Leptocylopodia brachytrinax, Leptocylopodia obliqua, Megastrebla gigantea, Megastrebla
limbooliati, Megastrebla limbooliati, and Raymondia species. have been documented from 24 species of bats in
Malaysia (Azhar et al., 2015).

Cave-dwelling bats can transmit blood-sucking flies and hemoparasites among themselves and the human
population due to their feeding habit, ability to travel long-distance, and aggregation behavior. The purpose of the
present study was to identify bats and their blood-sucking flies as vectors of hemoparasites in bat caves in Lombok
Island, Indonesia.

MATERIALS AND METHODS

Ethical consideration

The samples of bats and bat flies were collected by a qualified veterinarian from the Faculty of Veterinary
Medicine, Universitas Pendidikan Mandalika, Mataram, Indonesia based on the sampling protocol of Azhar et al. (2015)
and FAO (2011). The captured bats were immediately released after the flies were taken and examined for external
morphology.
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Study design

The survey was conducted from September to
December 2018. Bats and their bat flies were
collected from three bat caves- Tanjung Ringgit Bat
Cave (8.61471°S, 116.594420°E), Lembah Sempage
Bat Cave (8.539900°S, 116.2776673°E), and Pujut
Bat Cave (8.88693°S, 116.253830°E) in Lombok
Island, Indonesia (Figure 1). Mist nets were used to = ruc«& * s
collect bats in the sampling caves from 4 to 7 PM.
The mist net was stretched between two fish sticks.
The mist nets were monitored, and captured bats Waikabubake
were collected by hands and placed in wire cages
covered with a dark cloth. Captured bats were
inspected for bat flies' presence. When found, bat

flies from each bat were collected and placed in a . .
! W P ! Figure 1. Bat cave locations in the study area (Google Map). a:

labeled tube containing 70% etha_nol. . Tanjung Ringgit Bat Cave, b: Lembah Sempage Bat Cave, c:
The captured bats were identified based on Pujut Bat Cave

external morphology by measuring the length of the

forearm (FA), third metacarpal (3MT), head body (HB), tibia (TIB), tail (TL), and hindfoot (HF), following the method
used by Srinivasulu et al. (2010). The morphology of collected bat flies, including the head, thorax, abdomen, and wing,
was identified under a microscope (Olympus, Japan, 40x) as reported by Azhar et al. (2015) and Alvarez et al. (2015).
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LESSER SUNDA
°Lebah Sempage Eima Reok

o EASTNU
Simbawal RUIBNG.  TENGGAF

c a

Sumba =Waingapu

Kampoeng
Melolo

RESULTS AND DISCUSSION

A total of 66 captured bats from three bat caves were identified as Hipposideros species, Taphozous species
(insectivorous bats), and Eonycteris spelaea (Frugivorous bat) based on the external morphology. The details of external
morphology measured are summarized in Table 1.

The FA length of Hipposideros species (41-50 mm) in the present study was similar to that of Hipposideros
galeritus (FA: 45.0-51.3 mm) measured by Srinivasulu et al. (2010). The length of FA of Eonycteris spelaea (51-75 mm)
was within the range of Eonycteris spelaea (FA = 66-78 mm) reported by the Srinivasulu et al. (2010). However, the
length of Taphozous species (59-61 mm) in the present study was shorter than the key identification of Taphozous
perforatus (FA = 59.2-63.8 mm) measured by Srinivasulu et al. (2010). The morphology of the cave-dwelling bats is
shown in Figure 2.

The collected blood-sucking flies were morphologically identified as Eucampsipoda sundaica, Stylidia cf. euxesta,
Brachytarsina species, Raymondia species, and Megastrebla nigriceps (Figure 3). The head morphology of
Eucampsipoda sundaica observed in the present study was compressed and the thorax was pentagonal. The bat host of
this fly was Eonycteris spelaea, which was previously described by Azhar et al. (2015). The morphology of Stylidia cf.
euxesta was straight dark-pigmented claspers with long dorsal setae, while Megastrebla nigriceps had a long wing, the
R1 vein had a weak bend near the base with the R2+3 vein apically curved as stated by Azhar et al. (2015). The
Brachytarsina species recovered in the present study had a triangular and rounded head with non-prominent eyes, which
was the same as the one described by Maa (1971). The head of Raymondia species was narrower than the distance
between the two major humeral setae as previously described by Azhar et al. (2015). These species were collected from
the fur area of the family Hipposideridae bat. The summary of the identification of 66 captured bats and their blood-
sucking flies from bat caves in Lombok Island can be seen in Table 2.

The ecology and distribution of Stylidia cf. euxesta, Brachytarsina species, Raymondia species, and Megastrebla
nigriceps in Indonesia are still unknown although some studies have been performed in Malaysia (Azhar et al., 2015) and
Philippines (Alvarez et al., 2015). The present study could provide information on the identification and correlation
between the number of bat and bat flies species found in Lombok Island.

Szentivanyi et al. (2019) reported that 101 microparasites belonging to the bat fly families Nycteribiidae and
Streblidae of 188 microparasites have been observed in bats. Bat flies such as Brachytarsina species, Raymondia species,
and Eucampsipoda species in this study have been reported to be associated with blood parasites. Polychromophilus
melanipherus Dionisi was mainly detected in Nycteribia schmidlii scotti Falcoz and less presence in Eucampsipoda
africana, Raymondia huberi group and Raymondia allaudi bat flies.

The bats, including Hipposideros species, Taphozous species, and Eonycteris spelaea, as well as the blood-sucking
flies including Eucampsipoda sundaica, Megastrebla nigriceps, Brachytarsina species, Stylidia cf. euxesta, and
Raymondia species can be a potential vector of Polychromophilus species, Babesia species, Plasmodium species, and
Trypanosoma species to other hosts. Nkoghe et al. (2016) reported the presence of Polychromophilus parasites in the bat
fly fauna of Gabon. Lima et al. (2012) found Trypanosoma erneyi in African bats. Han et al. (2018) reported that
insectivorous bats were infected by Babesia vesperuginis, also Schaer et al. (2013) indicated that Plasmodium species
has infected insectivorous bats and fruit bats in Africa.

Table 1. Measurement of the external morphology of captured bats from three caves in Lombok Island, Indonesia

Species FA (mm)  3MT (mm) HB (mm) TL (mm) TIB (mm) HF (mm)
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Hipposideros species
Eonycteris spelaean
Taphozous species

41-50
51-75
59-61

38-52 47-60
48-54 67-100
50-54 70-74

13-23 22-23 14-15
17-18 24-34 18-23
25-25 23-24 13-14

FA: Forearm length, 3MT: Third metacarpal length, HB: Head body length, TL: Tail length, TIB: Tibia length, HF: Hind foot length

Table 2. Bats and their blood-sucking flies from bat caves in Lombok Island, Indonesia

. Number of Species of Feeding . . .
Location bats bat habits Species of blood-sucking flies
Tanjung Ringgit Bat Cave . . . .
(8.961°S,116.294°F) 23 Eonycteris spelaesa  Fruits Eucampsipoda sundaica

28 Insects Megastrebla nigriceps
I(E;egsb;g%erlnlpsagf;ﬁaé)(:ave Hipposederos spp Brachytarsina spp
' T Stylidia cf. euxesta
Pujut Bat Cave Insects Raymondia spp
(8.887°S,116.254°E) 5 Taphozous spp Brachytarsina spp
Total 66

Figure 2. The morphology of the cave-dwelling bats. Eonycteris spelaea (a), Hipposideros species (b), Taphozous species (c)

Figure 3. Morpologhy of blood-sucking flies (40x magnification). Eucampsipoda sundaica (a), Stylidia cf. euxesta (b),
Megastrebla nigriceps (c), Brachytarsina species (d), Raymondia species (e), wing vein of Megastrebla nigriceps (f)

CONCLUSION
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The results of this study identified three species of bats, namely Hipposideros species, Taphozous species, and
Eonycteris spelaea, in three caves on Lombok Island. The present study also documented five species of blood-sucking
flies including Eucampsipoda sundaica, Megastrebla nigriceps Brachytarsina species, Stylidia cf. euxesta, and
Raymondia species. Bat and bat flies can influence the transmission of Polychromophilus species, Babesia species,
Plasmodium species, and Trypanosoma species to the other hosts in the study area and also spread the disease agent to
different places.
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ABSTRACT

Enzymes have a significant positive effect on nutrient digestion, feed efficiency, and growth rate of poultry. The
current experiment aimed to determine the optimal dosage levels of Labazyme as feed additives. A total of 240 one-
day-old broiler chickens (Ross 308) were randomly assigned to four groups with three replicates. The feeding
experiment was carried out from hatching to day 42 of age. Three experimental groups contained Labazyme at 0.5,
1, and 1.5 mg/kg of the total diet. The control group received a basal diet. Growth performance, European
performance efficiency index (EPEI), production index (PI), biochemical and lipid profiles, as well as antioxidant
parameters were then measured. The results showed that chickens fed Labazyme supplementation (1 and 1.5 mg/kg)
had a higher growth performance than those in the control group. Nonetheless, there was a significant difference
between the Labazyme and the control group in terms of feed intake. In addition, Labazyme groups had a
significantly positive effect on broiler economic scores. The EPEI and Pl of the Labazyme-fed chickens were both
higher than the control. There was a non-significant difference in total protein, albumin, globulin, and uric acid. The
serum glucose level of the chickens fed Labazyme (1 and 1.5 mg/kg) was lower, compared to the control group. In
contrast, chickens that consumed a diet supplemented with Labazyme 1 and 1.5 mg/kg indicated lower serum
cholesterol, triglyceride, low-density lipoprotein, and very-low-density lipoprotein levels in broilers, compared to
the control group. Serum high-density lipoprotein levels were improved and more pronounced in chickens fed
Labazyme, compared to the control group. In conclusion, the results of the current study indicated that
supplementation of Labazyme could help the improvement of growth performance, lipid profile, and profitability of
broiler chickens.
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INTRODUCTION

Poultry nutrition and the need to improve feeding efficiency have accelerated the use of feed additives and decreased the
use of antibiotics in poultry feeding for the past decades. In fact, the goal outlined by the researchers has been to increase
production while maintaining poultry health (Hafez and Attia, 2020). Singh et al. (2018) indicated that the use of
exogenous enzymes in poultry feeds as a growth promoter is beneficial for improving production parameters and
improving the digestibility of nutrients in broiler chickens.

However, the additives are complexes of non-nutrient and nutrient compounds that help to improve feed efficiency
and reduce the cost of feed (Abdurofi et al., 2017). Similar results showed that natural growth promoters, such as plant
powders, plant extracts, enzymes, probiotics, and multi-enzyme, can be used in the poultry feed to improve production,
the immune system, and the microbial population in the gut and reduced oxidative stress. Multi-enzymes with/without
probiotics are usually included in the animal feeds to degrade the anti-nutritional factors, and consequently improve
nutrient digestibility and the growth performance of poultry (Kiarie et al., 2013; Kiarie et al., 2014).

Several studies have indicated that such enzymes also reduce intestinal colonization by pathogens in poultry
(Olukosi et al., 2015; Amerah et al., 2017). On another hand, feed additives, such as enzymes Kaczmarek et al. (2014),
probiotics (Fesseha, 2019; Bonilla Carrero, 2021) or enzyme complexes can be attributed to changes in the gut tract that
facilitate digestion and absorption of the nutrients as well as animal growth (Kiarie et al., 2013). According to Amerah et
al. (2017), there is a need to improve the digestibility of different types of nutrients in a compound feed due to the
complex nature of the feed. Feed cost is an important issue in developing countries, such as Iraq, as it can improve the
economic efficacy of the poultry industry. Therefore, the present study aimed to investigate the effect of different levels
of Labazyme as a feed additive on growth performance, blood parameters, and economical profitability of broiler
chickens.
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MATERIALS AND METHODS

Ethical approval

The broiler chickens in the current study were handled according to guidelines passed by the institutional ethics
committee for the care of animals and were approved by the Animal Ethics Committee of the Department of Animal
Production, Tikrit University, Iraq.

Experimental design

A total of 240 one-day-old Ross-308 broiler chickens were purchased from a hatchery in Samarra, Iraq. The
chickens were housed in a cage (2 cm?) at the graduate department of the animal station, at the College of Agriculture,
Tikrit University, Tikrit, Irag. The temperature was 35°C in the first week and then gradually decreased to 25°C at the
end of the third week. The chickens were providing a 24-hour photoperiod of light. Food and water were provided ad
libitum. The chickens were also supervised daily in the morning and evening. The chickens were divided into four
groups and each group contained three replicates (20 chickens each). The diets were designed according to the
recommendations of the NRC’s requirements for broiler chicks (NRC, 1994). Chickens in the control group received a
basal diet with no supplementation, and the experimental groups of E;, E, and E; received Labazyme supplemented in
the basal diets at 0.5, 1.0, and 1.5 mg/kg, respectively.

Labazyme composition

The product was purchased from a local market in Baghdad, Irag, and the composition for Multi-enzyme and
Probiotics Labazyme'®™ (each 1 kg contains) was indicated in the company label as Lactobacillus acidophilus 2.75x10
CFU, Streptococcus faecium 8.25x10 CFU, Bacillus subtilis 1.1x10 CFU, protease 2.750 CSU, amylase 5.500 SLU, and
cellulose 275 FPUI.

Growth performance

At the start of the experiment, body weight was measured, and it was repeated weekly. Body weight gain was
calculated by subtracting the body weight at the start of each week from body weight at the end of the same week. Feed
intake was calculated weekly for each group by subtracting the weight of food left at the end of the week from the weight
of given food at the start of the same week. Every week, the feed conversion ratio was calculated using the Formula 1.
The mortality of chickens was recorded until the end of the study.

Feed conversion ratio = feed ingested (g) / weight gain (g) Formula (1)

Blood collection and biochemical analysis

Blood samples were randomly collected from four chickens in each pen at the end of the experimental periods.
Approximately 3-5 ml blood samples were collected from the wing vein using a 5 ml syringe with a 22-gauge needle and
transferred into non-heparinized tubes. The clotted blood samples were centrifuged at 3000 rpm for 15 minutes and the
clear serum was separated and stored in a -20°C freezer for the biochemical analysis. Serum glucose was determined by
the glucose oxidase method prescribed by Trinder (1969). Total protein and albumin serum were determined using
spectrophotometric methods (Biolabo, 2011).

Globulin concentration was calculated using the Formula 2:
Globulin = Total protein — albumin Formula (2)

Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST) were determined using spectrophotometric
methods (Biolabo, 2014). Cholesterol, triglyceride, and high-density lipoprotein (LDL) cholesterol were determined with
a kit (SPIN80O, Spain). Low-density lipoprotein and very-low-density lipoprotein (VLDL) were also calculated to fit this
equation as LDL = cholesterol- (High-Density Lipoprotein [HDL] + VLDL) using the Formula 3 of Friedewald et al.
(1972) as below:

VLDL = 5/triglyceride Formula (3)

Economic evaluation

The economic evaluation was determined by considering feed cost per chicken (USD), total income from the
chicken (USD), and growth efficiency according to Gondwe and Wollny (2005). The total return (TR) was calculated
according to Shehata et al. (2018). The European performance efficiency index (EPEI) was evaluated according to Panda
et al. (2006). The production index (PI) was calculated during the experimental growing period.
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Table 1. Ingredients and chemical composition of the basal diet

Ingredients (%) Starter (1-21 days) Finisher (21-42 days)
Yellow maize 46.18 53.88
Wheat 9.92 9
Soybean 44% 36.9 295
Vegetable oil 2.8 4.2
Primix’ 25 2.5
Di-calcium phosphate 1 0.2
Salt 0.3 0.5
Methionine 0.1 0.1
Lysine 0.3 0.12
Chemical Composition” 100 100
ME (Kcal/Kg) 3027.74 3202.42
Crude Protein (%) 23.02 20.02
Lysine (%) 1.48 1.12
Methionine (%) 0.57 0.54
Methionine+cysteine (%) 0.92 0.85
Calcium (%) 0.97 0.83
Phosphor (%) 0.61 0.45

*The Premix (1 kilogram of Premix): Vitamin E (500 IU), Vitamin B, (0.06 mg), Vitamin B, (67 mg), Vitamin A (334000 IU), Vitamin D3 (67000
IU), Vitamin B, (1000 mg), Vitamin B6 (0.66 mg), Folic acid (17 mg), Choline (17000 mg), N (1000 mg), Magnesium (3.334 mg), Zinc (334 mg),
Iron (1.667 mg), Copper (10 mg), lodine I (17 mg), Methionine (27000 mg), Phosphor (10.6%), Selenium (0.20 mg). * Starter, growth, and finisher
diets were formulated according to the requirement for broiler chickens as outlined by National Research Council (NRC, 1994).

Statistical analysis

The data were subjected to analysis of variance for each parameter using the SAS statistical package (version 9,
2016). One-Way ANOVA followed by Duncan’s multiple range test was used to compare the means of the groups
(Duncan, 1955). The economic evaluation and biochemical parameters were subjected to the analysis of variance and
graphing using GraphPad Prism (version. 8.0.1., Graph Pad Software, San Diego, California, USA). P-value less than
0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Growth performance

The effect of Labazyme on broiler performance is presented in Table 2. On days 7, 14, 21, 28, 35, and 42 body
weight varied between groups. Except for day 7, significant differences were observed during the experiment (42 days)
among broiler fed the diet supplemented with 0.5, 1, and 1.5 mg/kg Labazyme, compared to the control groups (p <
0.05) in terms of body weight. In other words, body weight was higher in experimental chickens, compared to the
control. Regarding body weight gain, there were significant differences between all groups on days 7, 14, 21, and 28, but
there was no significant difference between the Labazyme and control groups on days 35 and 42. During days 1-42, the
broiler chickens fed Labazyme recorded a higher weight, compared to the control group. Table 2 shows the results of
feed intake and feed conversion ratio. The present result indicated that significant differences were observed between
control and experimental groups on days 7, 14, 21, 28, 32, and 42. The Labazyme-fed broiler chickens had significantly
the lowest feed and best feed conversion ratio, compared to the control (p < 0.05). Chickens in the experimental groups
consumed significantly the least amount of food over the total period of 1-42 days. Meanwhile, the supplementation of
Labazyme in broiler feed resulted in significant differences in the feed conversion ratio compared to the control on days
7,14, 21, 28, and 42. The broilers fed Labazyme showed a better feed conversion ratio throughout the 1-42 days period.

The results showed improved growth performance in broiler chickens fed Labazyme due to the underlying
improvement in digestibility of the feed ingredients. Labazyme has a synergistic effect since it contains probiotics
(Lactobacillus acidophilus, Streptococcus faecium, and Bacillus subtilis) and a group of digestive enzymes (protease,
amylase, and cellulase) capable of forming complexes with essential nutrients and the releasing these nutrients. This
could improve nutrient utilization in the feed and have a positive impact on the growth and reduce the feed intake with a
better feed conversion ratio. There are several mechanisms by which enzymes can remove alkylglycerone phosphate
synthase and reduce the risks associated with their use which affects the endogenous enzyme in the broiler gut tract not
being readily tapped, or perhaps, the Labazyme reduces the viscosity of the gut tract, which is a faster throughput speed.
The results of the current experiment were supported by previous studies on the use of enzymes or multienzymes with or
without probiotics to improve growth performance, reduce feed intake, and achieve the best value for feed conversion
ratio in broiler feed supplementation with enzymes (Guo et al., 2014; Siadati et al., 2017). As a result, the inclusion of
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exogenous enzymes in poultry feed has become common practice to improve broiler production and performance
(Allcorn, 2016). According to Siadati et al. (2017), chickens fed exogenous multienzyme complexes could benefit from
improved performance, as well as enhanced fat and crude protein digestibility. Askelson (2013) reported that exogenous
enzymes could increase the nutrients available to the broiler by hydrolyzing non-digestible feed components while
reducing the anti-nutritional effects of plant-based feed components.

Table 2. Effect of dietary treatment of Labazyme on growth performance of broiler chickens

Chickens age Control E, (0.5 g/km) GmupsE2 (1 g/km) E (1.25 g/lkm) P-value

Day 1 43.00 43.00 43.00 43.00 -
Day 7 140.13 +0.72%® 139.11 + 1.46® 138.23 +0.88° 141.82 +0.89° 0.118
Body Day 14 327.56 +10.47" 356.23 + 5.49° 349.56 + 1.45%® 356.88 + 6.35° 0.047
weight Day 21 662.11 + 5.84° 723.72 +10.14% 746.82 + 8.70° 739.49 +17.77° 0.003
(kg) Day 28 1092.92 + 40.3° 1250.13 +8.1% 1248.85 + 7.78° 1257.27 +9.27° 0.001
Day 35 1553.06 + 17.93° 1693.99 + 8.9° 1710.81 +6.4° 1751.64 + 20.59% 0.000
Day 42 225242 +28.90° 244748 +40.62°  2453.96 +32.45°  2463.54 + 28.28° 0.005
Day 7 96.13 +0.72% 96.11 + 1.46% 95.23 +0.88" 98.82 +0.89° 0.118
Day 14 186.43 + 10.49° 217.12 + 4.08° 211.33 +1.05° 215.06 + 5.832 0.030
Body Day 21 334.55 +9.38° 367.49 +5.90° 397.26 + 7.89° 382.61 +9.33° 0.039
weight Day 28 430.80 + 43.86° 526.40 + 15.322 502.02 + 1.026° 517.77 + 8.54° 0.074
gain (9) Day 35 460.14 + 55.46 453.86 + 16.98 461.96 + 10.14 494.37 + 29.38 0.748
Day 42 699.35 + 12.55 753.48 + 31.94 743.15 + 36.16 711.90 + 43.07 0.632
Total 7-42 2209.42 + 8.90° 2404.48 +40.62°  2410.96 +32.45°  2420.54 + 28.28° 0.0052
Day 7 153.31 + 3.43° 127.12 +3.25° 133.41 +2.24° 132.78 + 2.66° 0.001
Day 14 359.98 + 5.90° 320.01 + 2.66° 307.89 + 4.15° 305.43 + 16.10° 0.008
Feed Day 21 691.57 + 22.28° 593.58 + 25.10° 584.31 + 20.16° 547.82 + 27.73" 0.015
intake Day 28 825.53 + 8.022 732.50 + 23.56" 808.03 + 6.95° 667.38 + 7.97° 0.000
(g/chicken)  pav3s  100080+31.40°  83218+834° 85944 +17.41°  879.80 + 20.44° 0.002
Day 42 124761 +17.27*  1102.83+30.39°  1063.32+13.80°  1043.62 + 36.21" 0.002
Total 7-42 ~ 4278.84+59.23%  3708.23 +67.52°  3666.41+34.75°  3576.84 +85.10° 0.000
Day 7 1.56 +0.04° 1.32 £0.05° 1.40 +0.03° 1.34+0.01° 0.009
Day 14 1.94 +0.09° 1.47 +0.01° 1.46 + 0.02° 1.42 +0.11° 0.003
Feed Day 21 2.07+0.11° 1.61+0.05" 1.47£0.03° 1.43+0.04° 0.000
conversion Day 28 1.95+0.19% 1.39 +0.08° 1.43+0.01° 1.29 +0.03° 0.010
ratio Day 35 2.24 +0.27° 1.88 +0.08% 1.86+0.07% 1.79 +0.08% 0.236
Day 42 1.78 +0.01% 1.47 +0.08° 1.43 +0.06° 1.47 +0.03° 0.007
Total 7-42 1.93 +0.03% 1.54 +0.03° 1.52 +0.00° 1.47 +0.01° 0.000

ab¢ mean within the same row followed by different superscripts are significantly different (p < 0.05). "Groups: Control: 0.0, E1: 0.5 mg /kg Labazyme,
E2:1 mg /kg Labazyme and E3:1.5 mg /kg Labazyme in broiler diet.

Biochemical levels and lipid profiles

The effect of Labazyme supplementation on glucose, total protein, albumin, globulin, and uric acid is shown in
Table 3. The obtained results showed a significant difference between all groups in terms of glucose level (p < 0.05).
Results revealed that chickens fed with different doses of Labazyme in E, and E; groups had the lowest level of glucose,
compared to the control. However, there were non-significant differences between the groups regarding total protein,
albumin, globulin, and uric acid (p > 0.05). There was a significant (p < 0.05) between-group effect in the lipid profile
levels in the broiler chickens (Figure 1). On day 42, there was a significant decrease in serum cholesterol, triglycerides,
LDL, and VLDL in all dietary supplemented groups, compared to the control group. There was an increase in serum
high-density lipoprotein in the Labazyme supplemented groups, compared to the control group. Total protein, albumin,
globulin, and uric acid concentrations were not significantly different among the groups. According to Siadati et al.
(2017), feed additives should be effective and safe for broiler chickens. The results are consistent with the idea that the
exogenous enzymes can be safely used in poultry nutrition without affecting the function of vital organs. The effect of
Labazyme on concentrations of lipid profiles is consistent with previous studies indicating that multienzymes decrease
lipid profile properties due to the changes in the composition of intestinal bacterial flora, through which probiotics
ferment to reduce short-chain fatty acids in the gut and then reduce the systemic blood lipids and cholesterol (Zhao and
Yang, 2005). However, some probiotic bacteria can interfere with cholesterol absorption in the gut by de-conjugating
bile salts or assimilating cholesterol directly (Kumar et al., 2012).
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Table 3. Effect of dietary treatment of Labazyme on biochemical parameters of broiler chickens

Variable Groups” P value
Control E; (0.5 g/km) E, (1 g/km) E; (1.25 g/km)

Glucose (mg/dL) 233.43 +12.87° 204.59 + 6.50% 195.69 + 4.26° 190.34 +5.35° 0.010

Total protein (g/dL) 2.97+0.34 2.80 +0.07 3.29+0.35 3.10+0.29 0.690

Albumin (g/dL) 1.56 +0.13 1.82+0.17 1.99+0.08 1.76 £0.09 0.168

Globulin (g/dL) 1.41+0.38° 0.98 +0.15® 1.29 +0.28° 1.34+0.38° 0.790

Uric acid (mg/dL) 2.59 + 0.62° 1.73+0.21% 2.23+0.19° 1.53 +0.22% 0.202

2D mean within the same row followed by different superscripts are significantly different (p < 0.05). ~Groups: Control: 0.0, E1: 0.5
mg /kg Labazyme, E2:1 mg /kg Labazyme and E3:1.5 mg /kg Labazyme in broiler diet.
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Figure 1. Serum lipid profile of broiler chickens fed Labazyme. Groups: Control: 0.0, E1: 0.5 mg /kg Labazyme, E2:1
mg /kg Labazyme and E3:1.5 mg /kg Labazyme in broiler diet. The Plot: Mean with standard error mean , p < 0.05
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Economic evaluation

The economic impact of using Labazyme as a feed additive for broiler chickens is shown in Figure 2. Regarding
feeding cost (FC), there was a highly significant difference between Labazyme groups and the control group (p < 0.05,
Figure 2A), meaning that the cost of one ton of feed was reduced in groups E, and E; Labazyme, saving 2.18 and
2.18/ton, compared to 2.50/ton for the control group. Further, similar results found in Tl and TR indicated a highly
significant difference between the Labazyme groups and the control group (p < 0.05, Figures 2B and 2C). The highest
values of 5.72 and 5.75 Tl and 1.54 and 1.60 TR were respectively recorded for the E, and E; groups compared to the
lowest value of the control as 5.25 Tl and 0.75 TR. The economic evaluation, EPEI, and Pl were highly significant in
broiler chickens fed a Labazyme supplement, compared to control (Figure 3). The highest TR and the highest
profitability from the sale of broiler chickens were achieved with Labazyme supplemented, as there was a significant
increase in the final body weight (p < 0.05). These results are consistent with those of Shehata et al. (2018) indicating
that feed costs decreased and enzyme levels increased (Haque et al., 2017).
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Figure 3. Growth efficiency, European performance, efficiency index and production index of broiler chickens fed
Labazyme. Control: 0.0, E1:0.5, E2:1 and E3:1.5 mg /kg Labazyme in broiler diet. The Plot: Mean with standard error
mean , p < 0.05.

CONCLUSION

Under the current study conditions, due to the content of Labazyme, including Lactobacillus acidophilus, Streptococcus,
Bacillus subtilis, protease, amylase, and cellulase, the synergistic effect of Labazyme appeared to be beneficial in the
experimental groups, compared to the control group. Labazyme could optimize digestion in a way that improves feed
conversion ratio, production, and high-density lipoprotein, as well as reducing cholesterol and triglycerides. Present
results from this study showed that supplementing broiler feed with Labazyme is economically helpful. It can be
concluded that using a Labazyme in broiler diets as a feed additive can be of great help.
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ABSTRACT

Bovine viral diarrhea virus (BVDV) is one of the most common viral pathogens affecting the cattle industry
worldwide. The present study aimed to molecularly characterize BVDV isolates that are currently circulating in
breeding bulls farmed with cattle suffering from reproductive disorders, and also to assess the consequences of
BVDV infection on bulls’ semen quality and conception, and its pathological effects on the structure of testicular
tissue and spermatozoa. For this purpose, semen, serum, and testicular samples were collected from four breeding
bulls in four private dairy farms in the governorates of Kafr-El Sheik, Beni-Suef, Giza, and Assuit, in Egypt from
April 2019 to May 2020. An evaluation of sperm abnormalities was carried out by assessing the integrity of the
plasma and acrosomal membranes where severe damage and abnormalities were found. Ultrastructure analysis of the
spermatozoa by transmission electron microscopy revealed the presence of a swollen plasma membrane with
segmented outer acrosomal membrane of spermatozoa and vacuolar degenerated mitochondria. Histopathological
examination of testicular and epididymal tissues indicated moderate to severe degenerative effects of virus infection
on seminiferous tubules with hypospermatogenesis. By detection of virus antigen in the serum samples using
ELISA, bulls were identified as persistently infected with BVDV. Virus isolation revealed four noncytopathic (NCP-
BVDV) strains that were confirmed by fluorescent antibody technique (FAT) and amplification of the 5’
untranslated genomic region (5’UTR) and molecularly typed by amplification of the E™ glycoprotein region.
Isolates’ Phylogenetic analysis revealed two subgenotypes: BVDV-1b (Genbank accession numbers; LC634512,
LC634513, LC634515) and BVDV-1d (LC634516). According to the knowledge of the authors of the present study,
the circulation of the BVDV-1d subgenotype is not reported in Egypt. Therefore, it would be of great importance to
track circulating strains in specific countries for successful vaccination programs or accurate diagnostic tests, and
this necessitates regular updates.
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INTRODUCTION

Bovine viral diarrhea virus (BVDV) is one of the most important viruses affecting cattle worldwide, which has been
recorded for more than six decades, however, it remains a crucial hazard in the cattle industry (Hou et al., 2019; Al-
Kubati et al., 2021).

Bovine viral diarrhea virus is classified as a Pestivirus within the Flaviviridae family (Simmonds et al., 2017). Its
genomic RNA is non-polyadenylated and single-stranded (ss RNA) with positive polarity and an average of 12.5 Kb in
length. It has a long open reading frame (ORF) flanked at the 5’ and 3’ termini with a highly conserved untranslated
region (UTR) for translation and replication controls, respectively. The ORF encodes polyproteins that are cleaved into
four structural (C, E™, E1, and E2) and eight nonstructural (Npro, p7, NS2-3, NS4A, NS4B, NS5A, and NS5B) proteins
by viral and cellular proteases during and after translation (Neill, 2013; Tautz et al., 2015). More than two decades ago,
BVDV isolates were classified as BVDV-1 or BVDV-2, based on phylogenetic analysis of incomplete sequences
(Ridpath et al., 1994; Simmonds et al., 2017). Later investigations revealed an expanding number of BVDV-1 and
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BVDV-2 subgenotypes, and it is now widely understood that pestiviruses are genetically highly variable, even within
single subgenotypes (Yesilbag et al., 2017).

Bovine viral diarrhea virus affects the immune, respiratory, reproductive, and enteric systems. Reproductive
problems caused by BVDV include early embryonic death, fetal mummification, abortions, and the birth of deformed
calves (Stott et al., 2012; Scharnbéck et al., 2018). In bulls, BVDV can produce persistent localized testicular infection
(Givens et al., 2003; Newcomer et al., 2014) with testicular hypoplasia, degeneration of seminiferous tubules, and
specific dissemination of BVDV antigen throughout the male genital tract.

The seroprevalence of infection with BVDV in non-vaccinated cattle herds ranges from 28% to 66% depending on
geographical areas, and from 40% to 90% in individual cattle. The persistently infected (PI) cattle percentage is between
0.5% and 2.5% in most countries without any control program being in place against the virus (Velasova et al., 2017;
Scharnbock et al., 2018; Oguejiofor et al., 2019). Vaccination can be used to prevent infection but, without the
elimination of Pl animals, it is impossible to eradicate the virus in a susceptible population. Diagnostics and vaccines
that act well against analogous strains may be less effective against genetically different viruses. Therefore, considering
the genetic variants described for BVDV-1 and BVDV-2 may play a role in disease prevention (Vilcek et al., 2001;
Bauermann et al., 2013).

In Egypt, the prevalence of BVDV infection in cattle is about 40-47.4%, and the percentage of Pl animals ranges
from 1.6% to 18% based on the following factors; the variance observed in the regions where populations were
investigated, the management system in the analyzed herd, and the diagnostic tests used in each study (El-Bagoury et al.,
2014; Selim et al., 2018; Atwa et al., 2019). Only a few studies have been conducted on the characterization and sub-
genotyping of the circulating virus (El-Kholy et al., 2005; Abdel-Latif et al., 2013; Soltan et al., 2015b). Thus, the
primary goals of this study were to molecularly characterize BVDV isolates that are currently circulating in breeding
bulls. Moreover, the study sought to assess the effect of BVDV infection on bulls’ semen quality and conception as well
as its pathological effects on the structure of testicular tissue and spermatozoa.

MATERIALS AND METHODS

Ethical approval

All procedures for samples collection and animals’ manipulation were performed following the protocol approved
by the Ethical Research Committee of the Animal Reproduction Research Institute, Agriculture Research Center ARC
with Code No.2 11429.

Investigation of the reproductive problem and data collection

A history of poor conception rates in dairy cows in four private farms in the governorates of Kafr-El Sheik, Beni-
Suef, Giza, and Assuit, in Egypt, was reported from April 2019 to May 2020. Data records showed 125 cases of abortion
in cows between the third and fifth month of gestation, 17 cases of early fetal deaths and reabsorption, and 74 normal
parturitions with some calves displaying congenital malformations. These herds had received only the official vaccines
(foot-and-mouth disease and Rift Valley fever vaccines). For laboratory investigation conducted in the present study,
semen and serum samples from four local hybrid Holstein breeding bulls, with the age range from 4 to 6 years, and
body weights range from 600 to 700 Kg (one per farm) were collected for semen evaluation and detection of pathogenic
agents. Serum samples were taken again 3 weeks after sampling. In this regard, one bull was slaughtered (Beni-Suef
farm), the testes were subjected to gross examination and were then processed for virus isolation and histopathological
examination.

Sample collection and preparation

Two ejaculates were obtained in the early morning (average volume 4 to 6 ml) from each bull with a pre-warmed
artificial vagina (40-42°C). The ejaculates were tested for sperm abnormalities as soon as they were collected. Then, 1
ml of each semen sample was transferred to the laboratory on ice for virus isolation. From testis, 1 g was homogenized in
5 ml of phosphate-buffered saline (PBS) for virus isolation, and the other part was immersed and fixed in formal saline
solution (10% formalin in 0.9% NaCl) in “1:10 proportion” for histopathological examination. The blood samples were
taken twice, 14 days apart, from the coccygeal vein of a properly secured bull and centrifuged (Beckman, USA) at 3000
rpm for 15 minutes in clean sterilized tubes. No medication was used before sampling; Serum samples were collected
and preserved at -20°C for serological examination.

Sperm abnormalities assessment

Plasma membrane integrity

The plasma membrane integrity of bull spermatozoa was evaluated using the hypo-osmotic swelling test, as
described in Revell and Mrode (1994).
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Acrosomal defect

Acrosome integrity was examined using silver nitrate staining based on the procedure described in Chinoy et al.
(1992).

Histopathological examination of testicular tissue and ultrastructure analysis of spermatozoa

Formalin-fixed tissue specimens (testicular and epididymal, after gross examination) were processed in an
automated tissue processor. The tissue sections were stained with hematoxylin and eosin and examined microscopically
(Bancroft and Gamble, 2018). The ultrastructural changes in spermatozoa were examined and evaluated using
transmission electron microscopy (TEM, JEOL-EM-100 S at 80 Kv Tokyo, Japan) at the Electron Microscopy Unit,
Faculty of Agriculture, Cairo University, Giza, Egypt) and photographed for further analysis as mentioned in Boonkusol
et al. (2010).

Detection of the causative agent

After exclusion of bacterial and parasitic infection, viral diagnosis was performed with a focus on BVDV infection.

Detection of bovine viral diarrhea virus antigen by ELISA

Four Serum samples were used for the detection of BVDV infection by anti-p80/p125 monoclonal antibody-coated
double sandwich ELISA plate (INGEZIM BVD DAS) kits (Ingensasa, Madrid, SPAIN) following the manufacturer's
instructions.

Virus isolation

A reference strain National Animal Diseases Laboratory (NADL) supplied from Ames lowa, USA was used as a
positive control during the isolation and identification of the virus. Semen and testicular samples were processed and
diluted as 1.0 mI™ in PBS (with antibiotic/antimycotic at the recommended concentration) 100 1U Penicillin, 100 g
dihydrostreptomycin) as mentioned in OIE (2018). The supernatant of each sample was inoculated three successive
passages on mycoplasma and BVDV-free MDBK monolayer cell culture (6 days each) Supplied by the national animal
disease center, Ames lowa, USA. Daily microscopic examinations with an inverted microscope (Zeiss, USA) were
performed to monitor the cytopathic effects (CPE).

Virus identification using fluorescent antibody techniques

On coverslips, monolayer MDBK cells were inoculated with the second passage and after 24 hours of the third
passage, the inoculated cells were air-dried and fixed with chilled acetone. Viral antigens were captured and detected by
direct fluorescence isothiocyanate (FITC) conjugated anti-BVDV as recommended manufacturer dilution (CJ-F-BVD;
VMRD, Pullman, WA 99163 USA). The mounted coverslips were examined using an inverted epifluorescence trinuclear
Nikon microscope (Nikon ECLIPSE-TS 100, Japan with 10x plan achromatic lens and a digital camera DS-US and it is
NIS elements software, Lens 10X).

Viral genome detection

RNA isolation

Total RNA was extracted from the tissue culture suspension of the third passage after three successive freezing and
thawing cycles for each sample using QIAzol Lysis Reagent (QIAGEN, Germany) according to the manufacturer’s
instructions, and it was kept at -80°C. Complementary DNA (cDNA) was synthesized with a RevertAid First Strand
cDNA Synthesis kit (Thermoscientific, Germany) following the manufacturer’s instructions, and was stored at -20°C.
The positive (BVDV-NADL strain inoculated cell culture) and negative (BVVDV-free cell culture) controls were included
in all the assay steps, from RNA extraction to amplification.

5’ untranslated genomic region amplification

Amplification of a 208 bp fragment within the 5° UTR of the viral genome was based on a primer set outlined in
Hoffmann et al. (2006) and reported in OIE (2018). The reaction mixture (20 pl) consisted of DreamTaq™ Green PCR
Master Mix (2X) (Thermo Scientific, Lithuania), 20 pmol of each forward (190-F) and reverse (V326) primers and 4 pl
of cDNA. The reaction was performed in a thermocycler (Nexus Gradient Eppendorf, Germany). The primer sequences,
thermal conditions, and expected PCR products were outlined in Table 1.

Virus genotyping by nested multiplex RT-PCR within the E™ region

As mentioned by Sullivan and Akkina (1995) and shown in Table 1, the first round of the cDNA amplification was
carried out in a single tube reaction using P1 and P2 primers. Then the nested amplification was performed using the
type-specific primers (TS1 for BDV, TS2 for BVDV-2, and TS3 for BVDV-1) and P2 on amplified products within the
first round. The amplified products were analyzed using 1.5% agarose gel electrophoresis on a UV transilluminator.

Partial sequencing and analysis of the E™ region

The genotype E™-specific PCR products were subjected to purification by Gene JET Gel Extraction Kit
(ThermoScientific K0691, Germany) following the manufacturer’s instructions. The purified PCR products were
subjected to sequencing in an automated ABI 3730xI DNA sequencer (Applied Biosystems, USA) using forward and
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reverse primers. Sequencing was performed only by combining the traditional Sanger technology with the new 454
technology. The CLUSTAL W was used to align the obtained nucleotide and amino acid sequences with each other and
with sample sequences from Genbank. Then, a phylogenetic tree was generated using the Maximum Likelihood method
and Tamura-Nei model (Tamura and Nei, 1993); the evolutionary analyses were carried out in MEGA X (Kumar et al.,
2018).

Statistical analysis

The semen evaluation and a number of service/conception values were expressed as means + standard error for all
variants using one-way ANOVA followed by Bonferroni multiple comparison tests to determine the significance of
differences, which was set at p value < 0.05

Table 1. The oligonucleotide primers and amplification conditions used in bovine viral diarrhea virus detection and

typing
Primer . PCR Amplicon
Primer sequence . . Reference

name Conditions size (bp)

95°C for 5 min and 35 cycles of
190-F 5’-GRAGTCGTCARTGGTTCGAC-3’ 45 sec at 95°C, 45 sec at 58°C, 45

. . 208 Hoffmann et al.
V326 5’-TCAACTCCATGTGCCATGTAC-3’ sec at 72°C and final extension
. . (2006)

for 10 min at 72°C

(First round )
P1-F 5>-AACAAACATGGTTGGTGCAACTGGT-3’ o Sicf(;: o Z';dsjg :3’;';2“60 626
P2-R 5’- CTTACACAGACATATTTGCCTAGGTTCCA-3’ ' '

sec at 72°C and final extension
for 10 min at 72°C

TS1-F, P2 i
(Nested amplification) ( ) Sullivan and

TS1-F 5’-TATATTATTTGGAGACAGTGAATGTAGTAGCT-3’ 95°C for 5 min and 35 cveles of 566 Akkina (1995)
TS2-F 5’- TGGTTAGGGAAGCAATTAGG-3’ 60 sec at 94°C. 45 sec atySS°C 45 (TS2-F, P2)
TS3-F 5’- GGGGGTCACTTGTCGGAGG-3’ ' ' 448

P2-R 5°- CTTACACAGACATATTTGCCTAGGTTCCA-3’ sec at 72°C and final extension  —=eae—s—
for 10 min at 72°C 223

RESULTS

Services/conception and conception rates of bovine viral diarrhea virus infected farms

Based on the collected data, cows fertilized with semen from BVDV-infected bulls showed a significantly (p <
0.05) lower conception rate with a mean percentage of 24.42% + 0.98% (53/216) and 6.12 + 0.53 service per conception,
compared to those bred with BVDV-free semen, for which the respective values were 60.74% + 2.04% (95/158) and
2.67+0.75.

Assessment of sperm abnormalities

Microscopical examination of the stained spermatozoa revealed a highly damaged plasma membrane (53-59.67%)
and elevated acrosomal defect (27.66-36%). The mean and standard deviation for acrosomal defect and plasma
membrane integrity for each bull were calculated and are shown in Table 2.

Histopathological findings and ultrastructure of spermatozoa

Grossly, the examined testes and epididymis were slightly congested and had a small size (atrophy). The
pathological changes observed in the testicular sections were characteristic of chronic orchitis with moderate to severe
degeneration, Orchitis represented by moderate infiltration of mononuclear inflammatory cells (mostly lymphocytes
and/or plasma cells and few histiocytes) in the interstitial tissues along with oedema and congestion of blood vessels
(Figure 1 A). Also, many giant multinucleated cells of eosinophilic cytoplasm were seen in seminiferous tubules (Figure
1 B), while those observed in the epididymal sections were characteristic of chronic epididymitis with mild to moderate
degeneration, some ductal tubules showing homogenous eosinophilic masses of lysis epididymal spermatozoa in lumen
and absence of spermatozoa in the lumen of other tubules. Moreover, hyperplasia of the lining epithelial cells of the
tubules was seen in more than one columnar cell layer as shown in Figure 2. Transmission electron microscopy images
of the sperm’s sagittal sections indicated the presence of swollen plasma membranes with segmented outer acrosomal
membranes. The nucleus content was not homogenous in terms of electron density. Transverse sections of the neck
region showed vacuolar degenerated mitochondria with electron-translucent spaces and absence of mitochondrial cristae
(Figures 3 A and B).
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Table 2. Evaluation of sperm abnormalities in bulls infected with Bovine viral diarrhea virus

Bull number (Governorate and Year) Acrosomal defect (%) Plasma membrane integrity (%6)
1 (Kafr-El Sheik, 2019) 36.00 £3.61 54.00 + 4.36
2 (Beni-Suef, 2019) 31.67 £3.53 59.67 +5.61
3 (Giza, 2019) 27.66 +4.41 53.00 + 6.09
4 (Assuit, 2020) 32.00+1.73 54.67 +551

. SN el :
Figure 1. Histopathological alterations associated with Bovine viral Figure 2. Histopathological
diarrhea virus infection in bull testis. A: Severe degeneration with alterations associated with Bovine
thickened basement membranes of seminiferous tubules (yellow arrow) viral diarrhea virus infection in bull
and hypospermatogenesis (blue triangle). Also, mononuclear inflammatory epididymis. The epididymis affected by
cells infiltration (mainly lymphocyte and plasma cells) with congested Bovine viral diarrhea virus infection
blood vessels and oedema (black arrow) in interstitial tissues were seen. showing moderate vacuolar degenerated
(H&E, X100). B: Giant cells of multinucleated eosinophilic cytoplasm in tubules (yellow arrow) with cellular debris

and reduced sperm in lumen, and epithelial
cell hyperplasia in many tubules (black
arrow). Lymphocytic inflammatory
infiltration (blue triangle) in interstitial
tissues is also visible (H&E, X100).

seminiferous tubules, indicated by the arrows (H&E, X400).

Figure 3. The sagittal section of the sperm head from bull semen under transmission electron microscopy A: sperm head
sagittal section shows swollen plasma membrane (red arrow). B: The segmented outer acrosomal membrane (yellow
arrowhead); the nucleus content is not homogenous in terms of electron density. The transverse sections of the neck
region show vacuolar degenerated mitochondria with electron-translucent spaces and the absence of mitochondrial
cristae (X15000 and X12000).

Bovine viral diarrhea virus detection

ELISA

Using a double-sandwich ELISA, all serum samples (at the time of collection and three weeks later) tested positive
for the presence of BVDV antigen. The optical density obtained was 15% greater than the cut-off value considered
positive according to the kits used.

168
Abd El-Hafeiz YGM, El-Mohamady RS, Behour TS, Azab AMS, Assi MMA, Badr MR, Dohreig RA, Gamal IM, and Hassan HM (2022). Molecular
Diversity and Histopathological Findings of Novel Bovine Viral Diarrhea Virus Strains Isolated from Bull Semen. World Vet. J., 12 (2): 164-174. DOI:
https://dx.doi.org/10.54203/scil.2022.wvj21



Virus isolation

After three successive serial passages, no specific
CPE was detected for BVDV on MDBK cells inoculated
with previously prepared semen samples and testicular
tissues.

Fluorescent antibody techniques

Perinuclear and intracytoplasmic  fluorescence
granules were detected in the MDBK cells inoculated with
the four semen samples and testicular one after the third
passage (Figure 4).

Detection of bovine viral diarrhea virus genome

5' untranslated genomic region amplification

As an additional confirmation of the isolated virus,
amplicons with the size of 208 bp were clearly detected as
a result of the S’UTR amplification of the four isolates
(Figure 5).

Figure 4. ldentification of Bovine viral diarrhea virus
isolated from bull semen using FAT. Bovine viral
diarrhea virus-free MDBK cells inoculated with the
third cell culture passage of the samples, Perinuclear
intracytoplasmic fluorescence granules were observed
(X100).

Nested multiplex Reverse Transcription -PCR
within the E™ glycoprotein region
The nested PCR products showed specific size for BVDV-1 at 223 bp. Specific fragments for genotype BVDV-2

and BDV were not detected with a predicted size of 448 and 566 bp, respectively (Figure 6).

Partial E™ glycoprotein region sequencing and phylogenetic analysis for virus subgenotyping

The sequences of the E™-amplified fragments of the four isolates (B2, C2, F2, and G2), as well as the reference
one (E2), were submitted to Genbank with the following accession numbers: LC634512 (strain ID Sakha-ARRI-
€g2019), LC634513 (strain ID Suef-ARRI-eg2019), LC634515 (strain ID Giza-ARRI-eg2019, LC634516 (strain ID
Assuit-ARRI-eg2020), and LC634514 (NADL reference strain). Nucleotide sequences were aligned with each other to
determine sequence identity among the isolated strains (figures 7 and 8), and with the corresponding sequences of
BVDV-1 strains in Genbank. The identity percentage among the Sakha-ARRI-eg2019, Suef-ARRI-eg2019, and Giza-
ARRI-eg2019 strains was 100% in the E™ glycoprotein region, and the phylogenetic relationship revealed clustering of
these strains with BVDV-1b (showing the highest sequence identity of 98%) and noncytopathic BVDV-1 strains
originally isolated from alpaca, in the USA in 2015 (accession nos. JX297515.1, JX297512.1, JX297520.1, JX306012.1,
JX297521.1, and JX297519.1). The Assuit-ARRI-eg2020 strain was found to be different from the other isolates with an
identity percentage of 90% and phylogenetic analysis confirmed the clustering of this strain with the BVDV-1d
subgenotype. It shared the highest homology of 98% with the BVDV-1d LV01-2018 strain (MG923683.1) originally
isolated from cattle in Brazil, and with three other BVDV-1d strains (MF166858.1, KT951841.1, and KT943518.1)
isolated from yak and cow in China (Figure 9).

Figure 5. Reverse transcription-PCR within the 5° UTR
for detection of Bovine viral diarrhea virus in bull semen.

Figure 6. Nested multiplex RT-PCR within the E™ region
for typing of BVDV isolated from bull semen. Agarose gel

Agarose gel (1.5%) analysis of RT-PCR products for
genomic detection within 5° UTR. Lane M represents the
50 bp DNA ladder, lane 1 is a positive control (NADL
strain), lanes 2-5 show the amplified products of the novel
isolates (208 bp), lanes 6 and 7 are negative controls, and
lane 8 is a non-target control.

(1.5%) analysis of nRT-PCR products with type-specific
primers. Lane M represents the 100 bp DNA ladder, lane 1
is a positive control (NADL strain as genotype 1), lanes 2—
5 are the amplified products of the novel isolates (223 bp;
genotype 1), and lane 6 is a negative control.
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Figure 8. Multiple sequence alignment of predicted amino
acid sequences of polyproteins from Bovine viral diarrhea
virus isolates and NADL strains.
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Figure 9. Phylogenetic analysis of Bovine viral diarrhea virus strains isolated from bull semen Phylogenetic tree was
constructed using the Maximum Likelihood method and Tamura-Nei model with 1000 bootstrap replicates in MEGA X.
Sequencing was conducted on the second step nested multiplex PCR positive samples to confirm the Bovine viral
diarrhea virus genotype based on the partial E™ gene. The accession number, isolate name, and country are listed at the
beginning of each isolate. The horizontal bar indicates the substitutions per site, and the vertical bars and letters indicate
different BVDV-1 subgenotypes. Isolates identified in this study are marked by the red diamond symbol.
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DISCUSSION

It is widely known that maintaining animal health is crucial for improving livestock performance. Among a variety of
diseases, BVDV is a difficult challenge for any cattle producer. Understanding the pathogenesis of this virus represents a
powerful weapon against the threat of infection.

Persistently infected animals are usually virus carriers for the rest of their lives, shedding substantial amounts of
the virus through most of their body excretions and secretions (Alenius et al., 1997; Garoussi et al., 2019). In particular,
PI bulls were shown to regularly shed BVDV-contaminated semen of significantly reduced quality (EI-Mohamady et al.,
2020). In the present study, the assessment of semen collected from breeding bulls, either by direct microscopic
examination or TEM, revealed damage of the sperm plasma membrane with high acrosomal defect (Table 2), which was
consequently reflected in low conception rates. As a result, BVDV infection has the potential to affect testicular function
as well as producing sperm abnormalities. This could have an impact on cows' conception rates and fertility after natural
breeding or artificial insemination. Moreover, the semen of these infected bulls could be a source of infection for
receptive cows (Oguejiofor et al., 2019; Montoya-Monsalve et al., 2021).

A consistent finding in Pl bulls is the very high titer of the virus in the semen, usually at least 100 times higher than
in the blood, which may lead to replication of the virus within the male genital tract, for example, in the prostatic and
vesicular glands, and epididymides (Selim et al., 2018). In previous studies, the BVDV antigen was detected in the
media of arterial walls in the male genital organs. The BVDV antigen was also identified in the testicular Sertoli cells
and to a limited extent, in the intact spermatogonia, but not in Leydig cells (Barlow et al., 1986; Brodersen, 2004; Borel
et al., 2007). Moreover, Givens et al. (2003) reported that BVDV antigen was found within the seminiferous tubules near
the basement membrane. The above-mentioned studies reported reproductive tract lesions, such as testicular hypoplasia
and (to a greater or lesser extent) degeneration of seminiferous tubules. This came in accordance with findings of the
current study in the testicular and epididymal tissues which presented different degrees of degenerative changes.

Novel pestivirus isolation and characterization will have far-reaching implications for epidemiology and vaccine
development research. Since various genotypes of pestiviruses can be identified in different hosts, diagnostic tests that
can discriminate between known pestivirus genotypes are required (Booth et al., 2013). Differences among BVDV
strains can be assessed using a variety of approaches, including monoclonal antibody reactions, cross-neutralization
assays, and nucleotide sequence comparisons (Yesilbag et al., 2017). In the present study, the bulls were identified as
being infected with BVDV by the anti-p80/p125 monoclonal antibody-coated double sandwich (DAS) ELISA in serum
samples. The BVDV p80 antibody is a nonstructural protein (NS3) that can be identified 2 to 3 weeks after natural
infection (Sayers et al., 2015). Antibodies against the NS2-3 BVDV were detected in dairy cattle that had a history of
reproductive problems and did not receive the BVDV vaccine (Curti and Jaeger, 2013). This indicated that dairy cattle
were exposed to the circulating BVDV because they had not been vaccinated (Wuryastuti et al., 2016).

The virus isolated from semen samples was identified by FAT (Figure 4) and RT-PCR amplification within the 5'
UTR (Figure 5). Furthermore, using primers that are homologous to the conserved E™ part of the pestivirus genomic
sequences ensured that all strains were amplified (Sullivan and Akinna, 1995). The E™ genomic region nested multiplex
PCR is able to differentiate the BVDV-1, BVDV-2, and BDV genotypes during the initial screening of the BVDV-
infected samples.

The specificity of this assay is given by the capability of the type-specific primers (TS1, TS2, and TS3) to identify
genomic sequences specific to each corresponding pestivirus genotype within the first PCR product amplified by the P1
and P2 primers (Sullivan and Akkina, 1995) In the present study, no cross-reactivity between type-specific primers and
heterogeneous pestivirus genotypes was found, only one amplified product was produced. Here, BVDV-1 was the
detected genotype in the tested field samples (Figure 7). Based on this result and previous research findings, it is
concluded that the worldwide spread of BVDV-1 isolates (88.2%) is substantially wider than the distribution of BVDV-2
isolates (11.8%, Soltan et al., 2015a; Yesilbag et al., 2017).

Phylogenetic analysis of partial and whole genomic sequences provides more precise information than antibody-
based investigations and allows the quick detection and differentiation of BVDV-1 and BVDV-2 subgenotypes, in
addition to the recognition of new subgenotypes. Different genomic areas have been used to genotype and classify
BVDV and other pestiviruses. The 5'UTR is a highly conserved region of the viral genome, equipped with an internal
ribosome entry site that is primarily involved in the translation of viral polyproteins. Partial 5'UTR sequences have been
commonly employed for phylogenetic studies and genotyping of BVDV isolates. However, their limited sequence length
and lack of diversity are regarded as the primary drawbacks of their use for phylogenetic analysis (Yesilbag et al., 2017).
The E™ polyprotein region presents intracellular ribonuclease activity that prevents the production of type I interferons
and facilitates the establishment of persistent infection (Shirato et al., 2004; Li et al., 2008). The phylogenetic analysis
conducted in the present study, which was based on the E™ glycoprotein region, segregated the isolated BVDV strains
into two subgenotypes. Three isolates (Sakha-ARRI-eg2019, Suef-ARRI-eg2019, and Giza-ARRI-eg 2019), with 100%
identity, were identified as belonging to the BVDV-1b subgenotype, suggesting the spread of an identical strain in the
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corresponding governorates (Kafr el Sheikh, Beni-Suef, and Giza). The other isolate (Assuit-ARRI-eg2020) was
identified as BVDV-1d subgenotype, and this was the first study to report the existence of this subgenotype in Egypt.
Previously, the BVDV-1a strain had been detected in Egyptian cattle (El-Kholy et al., 2005) and BVDV-1b in Egyptian
goats (Abdel-Latif et al., 2013), dairy cows, and buffalo farms, and these showed 89.04% homology with the BVDV-1b
isolate identified in this study (Soltan et al., 2015a).

According to previously published data, BVDV-1b is the most common subgenotype in the world, followed by
BVDV-1la and -1c. At the individual continent level, BVDV-1b is the most common subgenotype in the Americas, Asia,
and Europe (Yesilbag et al., 2017). In comparison, almost all the Australian field isolates have been identified as BVDV-
1c. In Africa, the overall number of the studied viral isolates is comparatively low and does not represent the entire
continent, however, BVDV-1a is considered the most frequently detected subgenotype in South Africa, and BVDV-1b is
the predominant subgenotype circulating in Egypt (Abdel-Latif et al., 2013; Soltan et al., 2015b; Yesilbag et al., 2017).

Currently, at least 21 BVDV-1 subgenotypes are either widely accepted or have recently been proposed. It is
increasingly probable that further subgenotypes will be reported due to the very diverse structure of pestivirus genomes
(Yesilbag et al., 2017). Therefore, the tracking of strains circulating in a particular country is a useful indicator for the
planning of successful vaccination programs or accurate diagnostic tests, and it necessitates regular updates.

CONCLUSION

In conclusion, the molecular investigation verified the circulation of BVDV-1b, and BVDV-1d in breeding bulls in
Egypt for the first time. The isolated BVDV strains had negative effects on semen quality and conception rate and
produced pathological changes in the bulls’ reproductive organs. Thus, regular screening and vaccine matching with the
currently prevalent BVDV strains are necessary to ensure accurate management programs.
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ABSTRACT

Fasciolosis is one of the most important parasitic diseases in ruminants in Algeria, of which the intermediate host is
Galba truncatula (G. truncatula) snail. The current study aimed to investigate the prevalence of Fasciola sp. in
naturally infected G. truncatula snails using multiplex PCR. Secondly, it was targeted toward examining the rate of
growth, survival, and laying of the snails in experimental conditions during 6 weeks of rearing in three tanks. This
study was conducted in two different regions of Algeria, namely EIl Tarf and Constantine. The investigated tanks 1,
2, and 3 consisted of 12 (size 3-4 mm), 30 (size 5-6 mm), and 30 (size 7-8 mm) snails, respectively. Fasciola sp.
DNA was detected in 33.33% of G. truncatula snails (25% in Constantine and 42.85% in El Tarf). The total survival
rates in the first, second, and third tanks were 50%, 43.3%, and 40%, respectively. The obtained results indicated
that the growth rate of the snail depended on its initial size (the smaller the initial size, the higher the weekly growth
rate). The total growth rates were 3, 1.7, and 1.1 mm in tanks 1, 2, and 3, respectively. The use of multiplex PCR
indicated a relatively high level of infestation of the snails by Fasciola sp. Snails larger than 7 mm had the highest
lay rate. Further studies are needed to investigate other snails that may be infested with Fasciola sp.
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INTRODUCTION

Fasciola hepatica (F. hepatica, Linné 1758) is a zoonotic parasitic disease that affects mainly ruminants (Esteban et al.,
2003). It has a complex life cycle with snails (Lymnaeidae) as intermediate hosts and ungulate mammals as final hosts
(Spakulova et al., 2003). Fascioliasis represents a major economic problem by decreasing the productivity performance
of animals due to the condemnation of affected organs (Reinaldo Gonzalez et al., 2002; Chauvin et al., 2007).

In Algeria, fasciolosis is one of the most important helminthic parasites of ruminants (Ouchene-Khelifi et al.,
2018). In a study conducted in El Tarf, northeastern Algeria, the prevalence of fascioliasis infection was revealed at 26.7
+ 2.5%, 6.5 £ 0.4%, and 2.5 £ 0.2% in cattle, sheep, and goats, respectively (Ouchene-Khelifi et al., 2018). In Jijel,
northern Algeria, the prevalence of fasciolosis was reported at 27.0% and 18.2% in cattle and sheep, respectively
(Mekroud et al., 2004). The economic losses related to liver condemnation are very high and estimated at 8.2 million
euros in Belgium (Charlier et al., 2009), 52 million euros in Switzerland (Schweizer et al., 2005), and 10000-60000
euros in Algeria (Mekroud et al., 2004; Ouchene-Khelifi et al., 2018). Galba truncatula (G. truncatula) is a lymnaeid
snail intermediate host of F. hepatica (Torgerson and Claxton, 1999; Mekroud et al., 2002; Righi et al., 2016). It is a
widespread species found mainly in periodically inundated sandy-muddy habitats as well as in running water (Vignoles
et al., 2010; Rondelaud et al, 2014; Vignoles et al., 2017).

Detection of Fasciola sp. in snails is possible by microscopy or molecular techniques (Caron et al., 2014).
Microscopic methods are fundamentally based on crushing, dissection of the snail, and/or cercarial excretion. Molecular
detection can be efficient in screening naturally infected snails. Molecular analysis is done by using an internal control
(multiplex PCR) to exclude the possibility of false-negative results (Caron et al., 2011; Caron et al., 2014).

In Algeria, there is a dearth of published data on the molecular prevalence of Fasciola sp. in G. truncatula snails.
The aims of the present study were first to investigate the molecular prevalence of Fasciola sp. in naturally infected G.
truncatula snails using multiplex PCR, and secondary, to study snails’ growth and laying survival rates in El Tarf and
Constantine, Algeria.
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MATERIALS AND METHODS

Ethical approval
The study was conducted based on the ethical rules of the Institute of Veterinary Sciences of Constantine
University, Algeria.

Study region

The study was conducted in Algeria in two different regions of EI Tarf and Constantine. El Tarf is characterized by
clayey soil with moderate permeability, a humid and warm Mediterranean climate, and an average temperature of
19.6°C varying generally from 7°C to 32°C. The annual average rainfall is 550 mm. Constantine is characterized by a
warm temperate climate. The average temperature is 15.6°C (ranges from 2°C to 34°C) and the average annual rainfall is
469 mm.

Molecular detection of Fasciola hepatica in Galba truncatula snails using multiplex PCR

A total of 32 snails were collected from typical biotopes on a perimeter of 1 m? in each biotope according to the
recommendations of Mekoud et al. (2002). The snails were rinsed with water and then transported to the laboratory for
molecular analysis. The size of all collected snails was measured before being analyzed by multiplex PCR. Of the 32
snails, 12 (mean size 4.3 mm) were collected from Constantine, and 20 (mean size 5.73 mm) were collected from EI
Tarf.

DNA extraction

Chelex® method was used for DNA extraction (Caron et al., 2011). Initially, the snails were disrupted by a pellet
mixer (Trefflab) in 100 pl of Chelex® 5% (Biorad, Nazareth Eke, Belgium), then incubated for 1 hour at 56°C and 30
minutes at 95°C in a Peltier Thermal Cycler. The mixture was centrifuged (OHAUS Europe GmbH, Switzerland) at
13000 x g for 7 minutes. A spectrophotometer (Thermo Scientific, NanoDrop 1000) was used to measure DNA
concentration and purity. The supernatant was collected and stored at -20°C until further analyses.

Multiplex PCR

The multiplex PCR was used according to a study by Caron et al. (2011) to amplify a highly repeated 124 bp
sequence specific for Fasciola sp. (Kaplan et al., 1995) and ITS-2 rDNA sequence specific for lymnaeids (500-600 bp)
(Bargues et al., 2001). For the amplification of Fasciola sp. sequences, the used primers were Fshl 5'-GAT-CAA-TTC-
ACC-CAT-TTC-CGT-TAG-TC C-TAC-3' and Fsh2 5-AAA-CTG-GGC-TTA-AAC-G GC-GTC-CTA-CGG-GCA-3’
and for lymnaeids, ITS-2 amplification were News2 5'-TGT-GTC-GAT-GAA-GA A-CGC-AG-3' and Its2Rixo 5'-TTC-
TAT-GCT-TAAATT-CAG-GGG-3' (Almeyda-Artigas et al., 2000; Bargues et al., 2001).

The sequences were amplified using a commercial kit (Taq PCR Master Mix, Qiagen) in a total volume of 25 pl in
a Peltier Thermal Cycler with an initial denaturation step at 95°C for 5 minutes, followed by 40 cycles, each comprising
denaturation at 95°C for 1 minute, annealing at 56°C for 1 minute, extension at 72°C for 1 minute and a final extension
step at 72°C for 10 minutes. After amplification, the electrophoresis was performed in agarose gel at 2% prepared in
TAE buffer with ethidium bromide (myGel InstaView™, USA).

Collection of snails to study their growth, laying, and survival rates

The snails were collected from typical biotopes on a perimeter of 1 m? according to the recommendations of
Mekroud et al. (2002). The snails were transported to the laboratory in special snail tanks at room temperature within 30
minutes. The allotment of the snails was done based on their size, on three rearing tanks. Tank 1 consisted of 12 snails
(size 3-4 mm), tank 2 entailed 30 snails (size 5-6 mm), and tank 3 was filled with 30 snails (size 7-8 mm).

The rearing conditions were artificially ensured (water, oxygenation, lighting, and food) during a 6-week-follow-
up period according to standardized in vitro rearing procedures (Rondelaud et al., 2002). The rearing tanks were checked
daily and cleaned weekly. Food was distributed as needed (macerated salad), and the water level at the temperature of
22-25°C in the tanks was systematically checked (2 cm). The tanks were covered to avoid water evaporation and laying
eggs of dipteran flies. Oxygenation of the water was ensured by a bubbler.

The snails were kept in culture for 6 weeks to study their survival rate, the growth rate of the shell, and some
reproduction parameters of G. truncatula, including average number of embryos/ laying, average number of
laying/limnea, and average number of embryos/limnea. The studied parameters and their mode of calculations are
presented in Table 1.
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Table 1. Calculation method of the biological parameters studied in snails

Parameters

Expression

Weekly survival rate (relative) of snails in rearing tanks
for 6 weeks (%)

(Number of live snails in the tank at the end of the week / Number of
live snails at the beginning of the week) x 100 (%)

The total (absolute) survival rate of snails in rearing
tanks for 6 weeks (%)

(Number of live slugs in the tank after 6 weeks/ Initial number of slugs
put in the tank) x100 (%)

Average weekly growth rate (relative) of snails for 6
weeks

Average weekly snail size - Average snail size the previous week

Average growth rate (absolute) of the snails for 6 weeks

Average snail size in the last week - Average snail size in the first week

Total number of eggs for 6 weeks

Total number of eggs collected in the tank during the whole study
period

Total number of embryos for 6 weeks

Total number of embryos counted in all clutches during the study
period

Average number of eggs per snail

Average number of eggs collected/number of snails in the tank

Average number of embryos/ laying

Total number of embryos counted / Number of eggs harvested in the
tank

Average number of embryos/ snail

Number of embryos counted/number of snails in the tank

RESULTS

Molecular study

The 32 collected snails were identified morphologically as G. truncatula and 15 of them were confirmed using
multiplex PCR. Of the total snails, 17 (53.12%) were eliminated from the study due to PCR inhibition. The DNA of
Fasciola sp. was detected in 5/15 snails (33.33%), of which 2/8 snails in Constantine and 3/7 snails in El Tarf, resulting

in a prevalence of 25% and 42.85%, respectively.

Survival, growth, and laying rates of snails

The snails were identified morphologically as G. truncatula. The survival rates of snails were 61.9-100%, 70-

100%, and 70.5-100% in tanks 2, 1, and 3, respectively. At the end of the experiment, the total survival rates were 40%,
43.3%, and 50% in tanks 3, 2, and 1, respectively (Table 2). The hebdomadal growth of the snails during 6 weeks in
tanks 1, 2, and 3 were measured as 0-1.3 mm, 0-1.1 mm, and 0-0.6 mm, respectively (Table 3). The total growth of the
snails during the study was 3 mm, 1.7 mm, and 1.1 mm in tanks 1, 2, and 3, respectively (Table 3). Regarding the laying
rates, tank 1 included 29 eggs with 360 embryos (an average number of 30 embryos per snail). Tank 2 had 100 layings
with 1851 embryos (61.7 embryos/snail), and tank 3 entailed 136 eggs with 2707 embryos with an average number of
90.23 embryos per snail (Table 4).

Table 2. Weekly and absolute survival rates of snails in the three tanks

| Tank 1 Tank 2 Tank 3

Breeding weeks Initial number Survival Initial nu_mber Survival Initial nu_mber Survival

(mortality) rate (mortality) rate (mortality) rate
First week 12 (00) 100% 30 (00) 100% 30 (00) 100%
Second week 12 (02) 83.3% 30 (06) 80% 30 (03) 90%
Third week 10 (03) 70% 24 (03) 87% 27 (05) 81.4%
Fourth week 07 (01) 82.7% 21 (00) 100% 22 (01) 95.4%
Fifth week 06 (00) 100% 21 (08) 61.9% 21 (04) 80.9%
Sixth week 06 (00) 100% 13 (00) 100% 17 (05) 70.5%
Total survival rate 06/12 50% 13/30 43.33% 12/30 40%

Table 3. Weekly and absolute growth of snails (mm/week) in the three tanks
Tank 1 (12 Snails) Tank 2 (30 Snails)

Breeding weeks Tank 3 (30 Snails)

First week 3.5 mm (--) 5.5 mm (--) 7.5 mm (--)
Second week 4.8 mm (1.3 mm) 6.6 mm (1.1 mm) 7.5 mm (00)
Third week 5.3 mm (0.5 mm) 6.9 mm (0.3 mm) 8.1 mm (0.6 mm)
Fourth week 6.3 mm (1 mm) 7.1 mm (0.2 mm) 8.2 mm (0.1 mm)
Fifth week 6.3 mm (00) 7.1 mm (00) 8.5 mm (0.3 mm)
Sixth week 6.5 mm (0.2 mm) 7.2 mm (0.1 mm) 8.6 mm (0.1 mm)
Total growth rate 3mm 1.7 mm 1.1 mm
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Table 4. Characteristics of snail laying in the three tanks during 6 weeks of rearing

Parameters Tank 1 (12 Snails) ~ Tank 2 (30 Snails) Tank 3 (30 Snails)
Number of snails 12 30 30

Total number of laying’s 29 100 136

Total number of embryos 360 1851 2707
Average number of laying per snail 242 3.33 4.53
Average number of embryos per laying 12.41 18.51 19.90
Average number of embryos per snail 30 61.7 90.23
DISCUSSION

Microscopy or molecular techniques are methods used for the detection of F. hepatica in snails (Caron et al., 2008).
Molecular tools must be efficient enough to detect naturally infected snails (Caron et al., 2014). Molecular techniques
have been used in several studies to investigate the prevalence of F. hepatica in experimentally infested snails, but a few
studies have tested naturally infected snails (Relf et al., 2009; Kozak and Wedrychowicz, 2010; Martinez-1beas et al.,
2013). In the current investigation, molecular investigation of F. hepatica DNA was performed in naturally infested G.
truncatula snails.

In the present study, DNA extraction was employed using the Chelex® technique. This technique presents many
advantages, including the ability to obtain amplifiable DNA in a rapid time, at a minimal cost, and without using toxic
solvents and multiple tube transfers. The multiplex PCR was adapted to eliminate eventual PCR inhibitions (Gonzalez et
al., 2004; Caron et al., 2008). However, in the present study, 17 samples of snails showed PCR inhibition. Using the
internal control and the apparition of the ITS2 band, the snail parasite was deduced in contrast to other molecular
techniques where false negatives cannot be excluded (Gonzalez et al., 2004; Caron et al., 2008).

In the current study, the proportion of PCR inhibition (53.12%) was relatively higher than the findings of Righi et
al. (2016, 3.32%) and Caron et al. (2014, 7.89%). The eliminated snails can be contaminated by some PCR inhibitors,
such as complex polysaccharides, humic acid, and proteinase (Caron et al., 2014). In the present study Fasciola sp. DNA
was isolated by multiplex PCR from 33.33% of G. truncatula snails. The prevalence of Fasciola sp. in the current
research was more than the reported prevalence in animals with liver lesions in a slaughterhouse in Algeria (Ouchene-
Khelifi et al., 2018). The prevalence rates of animals in the mentioned study were 26.7 + 2.5%, 6.5 + 0.4%, and 2.5 £
0.2% in cattle, sheep, and goats, respectively. Therefore, the infestation level of ruminants at the slaughterhouses did not
correspond to the infestation level of snails with Fasciola sp. in the pasture.

In Constantine, the molecular prevalence rate of Fasciola sp. in snails was 25%, compared to 26.2% in Tunisia
(Hammami and Ayadi, 2000; Hammami et al., 2007) and 26.6% in Poland (Kozak and Wedrychowicz, 2010). However,
in El Tarf, the prevalence was very high (42.85%). This could be explained firstly by the humid climate of this region
which eases the development of snails and facilitates their contamination by F. Hepatica. Secondly, the size of the snails
in this area which is the largest in the region of El Tarf supports the high prevalence in this region (Rondelaud et al,
2014).

In the present investigation, the survival rates of snails in the three tanks for 6 weeks were relatively high,
compared to the results of Righi et al. (2016) in Algeria (average rates vary from 28 to 30%). The differences could be
explained by the fact that the collected snails can be contaminated by larvae of some flies that can kill them (Muniz-
Pareja and Iturbe-Espinoza, 2018). Moreover, the findings indicated that the survival rate in tank 3 (adult snails) was the
lowest (40%), which was in agreement with some other studies where the mortality rate was higher in adult snails than
in younger ones (Rondelaud et al., 2009; Righi et al., 2016).

The growth rate of snails depends largely on the environment in which they live, meaning that they grow better in
calcareous or siliceous soil (Vignoles et al., 2010; Rondelaud et al, 2014; Vignoles et al., 2017). However, in
experimental conditions like the present study, the growth rate was largely dependent on the initial size of the snail.
Thus, the smallest snails (3 to 4 mm), recorded the greatest growth (3mm). On the other hand, the larger snails (7-8 mm)
recorded a low growth rate (1.1 mm). It seems clear that the smaller snails are growing faster.

The largest number of laying was recorded in tank 3 (136), while in tank 1, only 29 were recorded. This was due to
the fact that the snails in tank 3 (over 7 mm) were sexually mature and laid more eggs, which naturally affected all other
fertility parameters.

CONCLUSION

The use of multiplex PCR clearly indicated a relatively high level of infestation of the snails by Fasciola sp. The
survival rate of the snails under the experimental conditions varied between 40 and 50%. The growth rate of the snail
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depended on the initial size of the snail. Snails larger than 7 mm seemed to be the most mature ones and had the highest
lay rate. Further studies with a higher number of snails and in other regions of Algeria could be carried out in order to
have more information and to investigate other snails that could be infested by Fasciola sp.
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ABSTRACT

Parascaris equorum is a species of the Ascarididae family which belongs to the phylum nematoda (roundworms)
and is a type of parasite that affects equine health, performance, and production. The current study was carried out
from April to August 2021 to determine the prevalence of equine Parascaris equorum in horses residing in
Payakumbuh City, Indonesia. A total number of 128 fecal samples from horses were examined in the current study.
Coprological examination was performed for the detection of Parascaris equorum eggs inside the amassed samples.
The overall occurrence of Parascaris equorum was 14.06% (18 out of 128). The prevalence rates of sub-districts
differed with the highest in East at 18.18% (8/44), followed by North, South, and West at 16.66% (6/36), 14.06%
(2/22), and 7.7% (2/26), respectively. The obtained results indicated a significant difference in the prevalence rate of
Parascaris equorum between males and females as well as those horses aged < 5 years (26.22%) and > 5 years
(3%). Therefore, it is critical to not only enhance horse health management, maintenance, and health but also to
provide anti-parasitic medications on a regular basis.
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INTRODUCTION

Horse (Equus caballus) is a type of non-ruminant intelligent herbivorous animal that has a good learning ability to
recognize an object. Horses can act as pets, sports animals, or as a means of transportation since they are easy to manage
and control, and are friendly to humans. At first, horses were only used as human food. Over time, humans use horses as
a means of transportation, a means of war, sports, and recreation (Parakkasi, 1999). Accordingly, the system of care and
maintenance of horses ave an impact on their health. The center for horse breeding in West Sumatra Province, Indonesia,
is Payakumbuh City which has a higher population, compared to other regions. In addition, many diseases, such as
diarrhea, can decrease body weight, growth, and endurance in horses leading to gastrointestinal parasitic infections
(Andrianty, 2015). In livestock health, efforts to prevent infection caused by worms must be carried out before infection.
One way to diagnose the presence of parasitic worms in livestock is by examining fresh feces to look for parasitic worm
eggs. This can be performed for the early detection of parasitic worm infections, especially digestive parasites quickly,
easily, and effectively (Nezar et al., 2014).

Parascaris equorum is a large horse roundworm that is the most pathogenic common disease in foals worldwide.
Parascaris equorum infection can cause nasal discharge, coughing, stunted growth, and even death due to the
obstruction of the small intestine (Boyle and Houston, 2006; Cribb et al., 2006). Parascaris equorum is a common
nematode found in horses that can migrate from its host to the size of an adult worm (female 18-37 cm, male 15-28 cm).
In older horses, infection occurs subclinically due to the presence of immunity in these nematodes. Parascaris equorum
infection is acquired through infective eggs from environments, such as pastures or the environment around cages
(Larsen et al., 2011). Studies conducted on horses in the Palestine West Bank at various ages found a prevalence rate of
15.6% for Parascaris equorum (Othman and Alzuheir, 2019). In addition, other studies reported the Parascaris equorum
prevalence rates of 2%, 4%, and 1.6% for horses in East Lombok, Sumbawa, and Madura of Indonesia, respectively
(Setiawan et al., 2014; Prawira et al., 2017; Apriliawati et al., 2019). The aim of the present study was to identify the
Parascaris equorum horses in Payakumbuh city, West Sumatra, Indonesia. In this regard, Parascaris equorum is a type
of parasite that affects equine health, performance, and production. The result of the present study could have an
important impact on improving equine health and performance.
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MATERIALS AND METHODS

Ethical approval
All experimental protocols and procedures were approved by the Institutional Animal Care of Indonesia between
April and August 2021.

Study design

Fecal samples were collected from 128 horses on a farm in Payakumbuh City 100°35" - 100°45" BT 00°10" -
00°17"LS. Sampling was carried out at 07.00-10.00 AM in each horse stable with gloved arms, and the samples were
packed, labeled with the name, age, sex of the animal, and date of collection, and then transported to the Laboratory of
Animal Disease and Health Agricultural State Polytechnic of Payakumbuh. It took 1-2 hours to transport samples from
the collection location to the laboratory. During the transportation, samples were kept in a media cooler box equipped
with an ice pack as a cooling material to keep the sample temperature below 5°C.

Direct smear approach

A small amount of overwhelmed fecal pattern (about 3 g) become blended with 10 ml of water in a beaker, and
stirring was done constantly, and then a drop of this solution was put on an easy glass slide, then covered with a cowl
slip. The examination was carried out under a low-energy compound microscope (Olympus, Japan) with 10x and 40x
magnifications to determine the presence of any parasitic eggs or larvae in the stool samples (Yadav et al., 2014).

Flotation method

Nematode and cestode were detected using Sheather's sugar-modified flotation method (Sloss and Kemp, 1997).
Therefore, 3 grams of feces were mixed with 30 ml of water until homogeneous and filtered through a tea filter. After
filtering, 1-2 ml of the suspension was taken and then put into a 15 ml centrifuge tube, then Sheather's sugar was added
and homogenized again by centrifugation at 1500 rpm for 4 minutes. After being centrifuged, they were lifted vertically
and stored on a tube rack, and then tested for the presence of eggs.

Statistical analysis

Statistical analysis was performed using Chi-square testing statistical package for the social science (SPSS, 16.0
version, SPSS Inc., Chicago, IL). The differences in parasite prevalence were considered significant at p < 0.05, the
assessment of risk factors to determine the association between the presence of parasites and the following variables sub-
district, sex (male and female), and age (adult and colt).

RESULTS AND DISCUSSION

The results showed that the prevalence rate in each sub-district was different, the highest prevalence was in the Eastern
region at 18.18% (8/44), followed by the North, South, and West at 16.66% (6/36), 14.06% (2/22), 7.70% (2/26),
respectively. As presented in Table 1, the prevalence of Parascaris equorum in horses in Payakumbuh city was 14.06%
(18/128). Based on research that has been done related to intestinal Parascaris equorum infestation in horses of
Payakumbuh city, the impact of gastrointestinal nematode worm infection was very large, including decreased work
productivity because it can cause weakness, weight loss, colic, loss of appetite, diarrhea, and even death (Hillyer, 2004).
The results of Hillyer’s study indicated that Parascaris equorum was found in horses of various ages and sexes in all
sub-districts in Payakumbuh City. The highest infection rate was detected in East and North sub-districts with horse
breeding centers in Payakumbuh City. These regions have the highest horse population, compared to other sub-districts.

The prevalence of Parascaris equorum in horses in Payakumbuh city, Indonesia, was lower than in Palestine at
15.6% (Othman and Alzuheir, 2019), Italy at 35.8% (Scala et al., 2021), Finland at 47% (Aromaa et al., 2018), the UK at
50% (Relf et al., 2013), and Kentucky at 86% (Lyons et al., 2006). Several studies conducted in other developing
countries have indicated a higher prevalence of infection. For instance, the prevalence of Parascaris equorum was 50%
in Ethiopia, (Ayele et al., 2006), 47.5% in India (Yadav et al. 2014), and 18.48% in Cameroon (Lem et al., 2012). The
results of other studies from different countries indicated a wide range of prevalence rates was 16.7% in some regions of
Germany (Hinney et al., 2011), and the prevalence rate was 5% in Australia and Brazil (Bucknell et al., 1995; Pereira
and Vianna, 2006). Variations in prevalence are related to the number of horses in an area as well as maintenance
management, feed management, health management which differ from country to country. In addition, the prevalence
rate can also be influenced by climatic conditions, temperature, and humidity (Singh et al., 2012).

The prevalence rate in men was 12.50% (6/48), while the sample prevalence was 15% (12/80) in females. As can
be seen in Table 2, the prevalence rate of Parascaris equorum infection differed significantly in male and female horses
in Payakumbuh city (p < 0.05). Sex had a significant (p < 0.05) effect on the prevalence of Parascaris equorum in horses
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which was different from that report of Othman and Alzuheir who conducted a study in West Bank Palestine and with
the result that there was no significant difference in the prevalence rate of Parascaris equorum between male and female
(Othman and Alzuheir 2019). The results of this study were in accordance with other studies in different areas; In India,
the prevalence of Parascaris equorum in horses was higher in females (60.97%), compared to males (58.51%, Yadav et
al., 2014). In Palestine, the prevalence rate was 15% in males and 16.5% in female horses (Singh et al., 2012; Othman
and Alzuheir, 2019). There is no significant difference in prevalence rates between male and female horses in seven
provinces of southern Poland which can be caused by the way of rearing, nutrition, and maintenance management
(p > 0.05, Kornas et al., 2010). The mare can re-infect a nursing foal. Heavy infections of Parascaris equorum cause
impaction and perforation leading to fatal peritonitis (Tayer, 2008).

Furthermore, the obtained results showed that there was a significant difference (p < 0.05) in the prevalence rate of
Parascaris equorum among horses younger than 5 years (26.22%) and in horses older than 5 years (3%, Table 3). The
results of this study were similar to those reported by Chemeda et al. (2016) on horses in Around Ambo Town, Central
Ethiopia indicating a significant variation with the prevalence of young horses at 60%, compared to 25.9% in older
horses. The high prevalence of Parascaris equorum in young horses is due to the fact that immunity has not been formed
completely so as the horses grow older, the level of immunity increases (Mahfooz et al., 2008; Tayer, 2008). Infection
with worm parasites from different groups can result in a high level of morbidity and mortality in horses (Hodgkinson,
2006).

Table 1. The prevalence rate of Parascaris equorum in Payakumbuh city, West Sumatra, Indonesia

Sub-district Sample analyzed (N) Positive sample (N) Prevalence rate (%)
West 26 2 7.7

East 44 8 18.18

North 36 6 16.66

South 22 2 9.1

Total 128 18 14.06

Table 2. The prevalence rate of Parascaris equorum in native horses based on sex in Payakumbuh city, West Sumatra,
Indonesia

Sex Sample analyzed (N) Positive sample (N) Prevalence rate (%)
Male 48 6 12.5%
Female 80 12 15°

Total 120 18 14.06

D Different superscript letters mean significance level at p < 0.05.

Table 3. The prevalence rates of Parascaris equorum in native horses based on the age in Payakumbuh city, West
Sumatra, Indonesia

Age Sample analyzed (N) Positive sample (N) Prevalence rate (%)
<5 years 61 16 26.22%

>5 years 67 2 3

Total 128 18 14.06

*. Different superscript letters mean significance level at p < 0.05.
CONCLUSION

The helminthiasis in the gastrointestinal tract of horses in Payakumbuh city, West Sumatra, Indonesia is influenced by
sex and age factors. Therefore, the findings of this study necessitate improvement in health management, maintenance,
and health condition of horses leading to enhanced health and welfare status. Further studies are needed to show other
effective risk factors related to Parascaris equorum infestation in horses.
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ABSTRACT

One of the important agents causing gastroenteritis worldwide is Campylobacter jejuni (C. jejuni). The current study
aimed to detect five virulence genes (flaA, virB11, ciaB, iam, and dnaJ) and two antibiotic resistance genes (gyrA
and tetO) in C. jejuni obtained from sheep stool. The virulence genes were detected by PCR in 64 C. jejuni strains.
The phenotypic resistance to five selected antibiotics (Ciprofloxacin, Erythromycin, Gentamycin, Streptomycin, and
Tetracycline) was screened with the microdilution method. The isolates with antibiograms were tested for detection
of gyrA and tetO genes via PCR using specific primers. The virulence genes flaA (32%) and dnaJ (29%) had the
highest prevalence. The tested isolates of C. jejuni revealed high resistance to both quinolone (68.3%) and
tetracycline groups (48.4%) with an increased prevalence of antibiotic resistance of gyrA and tetO genes.
Gentamycin and erythromycin offered better alternative drugs for the treatment of campylobacteriosis. To generalize
the findings, extensive profiling that involves more virulence genes is required in several strains of Campylobacter.
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INTRODUCTION

Campylobacter is a zoonotic infection that causes foodborne diarrhea in people all over the world (Sheppard and
Maiden, 2015; Babazadeh and Ranjbar, 2022). The most common Campylobacter species that cause different infections
in sheep, including enteritis, colitis, and reproductive disorders, are Campylobacter jejuni (C. jejuni), Campylobacter
fetus subspecies fetus, and Campylobacter coli (C. coli, ilhan et al., 2021). Sheep breeding represents a large and
essential part of animal husbandry in Egypt, and consequently, diarrhea caused by Campylobacter species can influence
the production characteristics in Egypt.

Campylobacter species are globally found in soil, water, and food, so they can be in the gall bladder and the
intestine without any clinical signs as a result of contact with contaminated sources, such as animal stool, genital
excretions, and aborted tissues (Indykiewicz et al., 2021). Wild and domestic animals have been identified as potential
carriers of this bacteria (Rukambile et al., 2019). Campylobacter species are present in the gut of many animal species
with interspecies transmission risk. Campylobacter species, such as C. jejuni and C. coli, can be isolated from different
farm animals, including cattle, sheep, and goats. Comparing sheep and goat breeding farms, sheep are more potential
carrier of C. jejuni as a contaminant (Pao, et al., 2014).

Healthy sheep act as reservoirs where the bacteria are intermittently excreted in their feces, particularly in stressful
situations (birth, weaning, and changes in feeding systems) although their activity is rapidly inactivated on pastureland at
high temperatures. It is worth noting that the presence of wild birds in sheep farms raises the potentiality of lamb
infection, especially at very young ages (Sproston et al., 2010).

The gene expression for motility, colonization, invasion, and excretion of toxins is believed to be an essential cause
of disease progression (Dasti et al., 2010). Bacterial cell movement involving the coordination of many genes (such as
flaA) is responsible for the bacteria passage through the gastrointestinal environment (Park, 2002) where Campylobacter
delivers many cell surface proteins encoded by several genes (such as virB11, ciaB, and iam) that support adhesion and
invasion of enterocytes (Dasti, et al., 2010). Furthermore, C. jejuni can produce defense factors such as cytokines and
enzymes like superoxide dismutase to get rid of superoxide radicals as a defense mechanism against oxidative damage.

Campylobacteriosis is considered a self-limiting disease. In acute cases, macrolides Macrolides, fluoroquinolones,
and aminoglycosides are classified as critically important antimicrobials, while tetracycline is considered a highly
important antimicrobial (World Health Organisation, 2018). Unfortunately, nowadays there is a growing trend of
antibiotic resistance among Campylobacter species mainly due to misuse of antibiotics (Wieczorek et al., 2017).
Therefore, the present study was designed to find the prevalence of virulence and antimicrobial resistance genes of C.
jejuni isolated from sheep suffering from diarrhea.
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MATERIALS AND METHODS

Ethical approval

Ethical approval was not necessary for this study; however, samples were collected as per standard sample
collection procedure and consent was taken from the animal owners with their signature using a prescribed consent form
(License No. AHRI 42102017), according to local Egyptian laws.

Collection of Campylobacter jejuni isolates

A total of 262 fecal samples were collected from sheep aged 2-3 years (Barki sheep ewes and Rams) suffering from
different levels of watery diarrhea. The clinical signs included diarrhea, decreased appetite, and vomiting with or without
fever. The feces were usually watery or bile streaked with mucus and sometimes blood. The animals were obtained from
different sheep herds on the Northwest coast of Egypt. All collected samples were transferred in sterile plastic bags and
refrigerated up to the time of investigation (within 24 hours after collection). Campylobacter isolation was performed by
the culture method following a study by Hagos et al. (2021). The strains were grown on blood-based agar (BD BBLTM,
United States) with 5% defibrinated sheep blood and incubated at 42°C for 48 hours under microaerobic conditions (85%
nitrogen, 10% carbon dioxide, and 5% oxygen). The strains were confirmed as C. jejuni or C. coli using Lior’s biotyping
scheme (Lior, 1984) and the PCR technique based on the highly conserved gene glyA (serine hydroxymethyltransferase,
Quino et al., 2022).

DNA extraction and PCR

All Campylobacter isolates were subjected to DNA extraction following the instructions of QlAamp DNA Mini kit
(Qiagen, Germany, Catalogue no.51504) with slight modifications. Briefly, 10 pl of proteinase K and 200 pl of lysis
buffer were added to 200 pl of the sample DNA and incubated at 56°C for 10 minutes. Then, 200 pl of absolute ethyl
alcohol was added to the lysate. The sample was washed and centrifuged. Nucleic acid was obtained in 100 pl of elution
buffer. Then, the PCR technique was carried out for thermophilic Campylobacter species (C. jejuni and C. coli, Iraola et
al., 2012).

Investigation of virulence genes

Campylobacter isolates were examined for the virulence genes of flaA (responsible for motility) and virB11 (for
adhesion and colonization). In Addition, the gene markers of ciaB and iam (for the Campylobacter invasiveness) were
also amplified. The primer sets targeting the 23S rRNA gene of Campylobacter species, and the virulence genes of flaA,
dnaJ, virBIl, iam, and ciaB were used and specific amplified products were detected at 217, 177, 494, 518, and 527 bp,
respectively. The amplicons were detected using capillary electrophoresis. Primer sequences, target genes, amplicon
sizes, and cycling conditions are illustrated in Table 1. PCR conditions and techniques for all the above genes were
based on a study by Datta et al. (2003).

Table 1. PCR primers used for Campylobacter detection and antimicrobial resistance genes

Targetgenes Primers sequences Amplified segment  Reference
23S TATACCGGTAAGGAGTGCTGGAG 650 Wang et al. (2008)
Rrna ATCAATTAACCTTCGAGCACCG
TCCAAATCGGCGCAAGTTCA
FlaA 217 Zheng et al. (2006)
TCAGCCAAAGCTCCAAGTCC
ATTGATTTTGCTGCGGGTAG Chansiripornchai and
DnaJ 177 . .
ATCCGCAAAAGCTTCAAAAA Sasipreeyajan (2009)
irB11 TCTTGTGAGTTGCCTTACCCCTTTT 494 Datta et al. (2003
v CCTGCGTGTCCTGTGTTATTTACCC attaetal. (2003)
| GCGCAAATATTATCACCC 518 Wi K (2011
am TTCACGACTACTACTATGCGG teczorek, (2011)
B TGC GAGATTTTT CGA GAATG 527 7  al. (2006
ca TGC CCG CCT TAG AAC TTACA eng et al. (2006)
GGCGTTTTGTTTATGTGCG .
tetO 559 Gibreel et al. (2004)
ATGGACAACCCGACAGAAGC
GATGGTTTAAAGCCTGTTCAT
gyrA 423 Lindmark et al. (2004)

CGCCATACCTACAGCTATACC
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Antimicrobial resistance

Campylobacter jejuni isolates were evaluated for the resistance to selected antimicrobial agents with the
microdilution method using microtitration plates. The five tested antimicrobial drugs are the most common ones used in
the treatment of Campylobacter infections. Solutions of each tested antibiotic included streptomycin, ciprofloxacin,
tetracycline, erythromycin, and gentamicin solutions (Table 2). Mueller Hinton broth with 2.5% lysed horse blood was
prepared. The inoculated plates were incubated at 37°C for 48 hours in a microaerophilic atmosphere (the same
conditions as above). The parameters for individual antibiotics, including interpretation criteria, were based on
recommendations issued by the CLSI guidelines (McDermott et al., 2005). Quality control was done using a reference
strain of C. jejuni (ATCC 33560). The detailed parameters for testing are shown in Table 2.

Investigation of antibiotic resistance genes

Once the identification was performed, the isolates were screened for the existence of resistance genes to
quinolone, the Thr-86-1le mutations in the quinolone resistance-determining region (QRDR) of the gyrA gene in C. jejuni
and the tetracycline resistance gene (tetO) were amplified and identified using PCR with two specific primer sets for
amplification at 423 and 559 bp.

Sequence

PCR products were purified using QIAquick PCR Product extraction kit (Qiagen, Valencia). Bigdye Terminator
V3.1 cycle sequencing kit (Perkin-Elmer) was used for the sequence reaction which was then purified using Centrisep
spin column. DNA sequences were obtained by Applied Biosystems3130 Genetic Analyzer (HITACHI, Japan), a
BLAST® analysis (Basic Local Alignment Search Tool) was initially performed to establish sequence identity to
GenBank accessions (Altschul et al., 1990). The phylogenetic tree was created by the MegAlign module of
LasergeneDNAStar version 12.1 (Thompson et al., 1994), and Phylogenetic analyses were done using maximum
likelihood, neighbor-joining, and maximum parsimony in MEGAG6 (Tamura et al., 2013).

RESULTS

Investigation of Campylobacter jejuni spacemen

A total of 262 samples from sheep feces (235 diarrhea and 27 non-diarrhea) yielded 64 C. jejuni strains (24.4%).
Two C. jejuni strains were found in stool samples that appeared to be non-diarrheal, and 62 C. jejuni strains were found
in clearly diarrheal stool samples.

Detection of antimicrobial susceptibility of Campylobacter jejuni isolates

Of the 5 antibiotics tested, the highest phenotypic resistance exhibited by C. jejuni from stool samples was against
ciprofloxacin (68.3%), followed by tetracycline, streptomycin, gentamycin, and erythromycin as 48%, 4%, 27.5%, 6.3%,
and 4.5%, respectively while complete susceptibility (100%) was detected against gentamycin (Table 2). The highest
prevalence of resistant strains was against type 4 of antibiotics (24%) while resistance to type 5 was the least (5%, Figure
1).

Investigation of antibiotic resistance genes in Campylobacter jejuni

Following the detection of phenotypic resistance to the chosen antibiotics, the resistance of gyrA and tetO genes
was detected using PCR. The tetO gene which is liable for tetracycline-resistant was detected at 595 bp while the gyrA
gene which is responsible for the quinolone resistance was detected at 423 bp (Figure 2). A comparison of the presence
of selected antibiotic resistance genes with the phenotypic resistance is shown in Table 3. As can be seen, the resistance
in the evaluated genes is more common in isolates that showed phenotypical resistance.

Detection of virulence genes in Campylobacter jejuni isolates

A total of 24.4% of examined stool samples contained C. jejuni. The proportion of the virulence genes in C. jejuni
isolates is displayed in Figure 3. The results revealed that the flaA gene (93%), which encodes the motility, is the most
prevalent virulence gene in C. jejuni isolates followed by dnaJ encodes heat shock protein (ATPase activity), and ciaB;
encodes invasion in 88% and 42%, respectively. Two genes of virBIl and iam recorded the minimal frequency as 7.3%
and 6.8%, respectively.

Investigation of phylogenetic relationship

Based on the analysis of 23S rRNA, dendrograms help to determine simmilarites and difference between the
isolates when compared to the reference strains (Figure 5). The graphs illustrate that C. jejuni isolates differ significantly.
According to present dendrogram, the 5 analyzed isolates (3, 4, 6, 7, and 11) are characterized by genetic variation
(Figure 6). Strains 3, 4, and 6 are closely linked with a smaller degree of relatedness to strain 11, however, strain 7 has a
lot of genetic diversity, compared to the other strains. OK095294, OK095295, OK095296, OK095297, and OK095298
are the accession numbers of isolates 3, 4, 6, 7, and 11, respectively. However, all strains were similar to C. jejuni strains
present in gene bank by 98.3-100% (Figure 6).
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Table 2. Profiles of antimicrobial-resistant Campylobacter jejuni for different antibiotics

Antibiotic Antibiotic dilution C.jejuni dilution Resistance in fecal
(mg/L) (mg/L) isolates (%)
Ciprofloxacin 0.03-64 0.5 68.3
Tetracycline 0.125-256 1 48.4
Streptomycin 0.25-512 4 275
Gentamycin 0.125-256 2 6.3
Erythromycin 0.25-512 4 4.5
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Figure 1. Campylobacter jejuni with antimicrobial resistance

Table 3. Relationship between genotypic and phenotypic resistance to ciprofloxacin and tetracycline in Campylobacter
jejuni

Detection of the gyrA gene in Campylobacter jejuni isolates Detection of the tetO gene in Campylobacter
(%) jejuni isolates (%)
Cipro-R Cipro-S Tet-R Tet-S
78.3 355 43.6 21.7

Cipro-R: Isolate with phenotypic resistance to ciprofloxacin. Cipro-S: Isolate with phenotypic susceptibility to
ciprofloxacin. Tet-R: Isolate with phenotypic resistance to tetracycline. Tet-S: Isolate with phenotypic susceptibility to
tetracycline

tetO gene samples were positive at 559bp except sample | gyrA gene all samples were positive at 177bp
at lane 1

Figure 2. Genotypic characterization of antimicrobial resistance in Campylobacter jejuni. A: Detection of tetO gene, B:
Detection of gyrA gene.
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Figure 3. Prevalence of virulence genes in Campylobacter jejuni from Barki sheep stool

A: flaA gene samples were positive (32%0) at 217bp except | B: virBIl gene samples were positive (15%o) at 494 bp except sample
sample at lanes 1, 2, 3, 4,5, 6, 7, 8, 11, 12, 14, and 15 atlanes1,,5,6,7,8,9, 10,11, 12, 13,14 and 15

C: iam gene samples were positive (29%) at 518 bp except | D: ciaB gene samples were positive (27%) at 518 bp except sample
sample at lanes 1, 3, 4,5, 6, 7, 8,9, and 15 at lanes 5, 6, 7, 8, 13, 14, and 15

E: 23S rRNA samples were positive at 650 bp
except sample at lanes 12 and 15

Figure 4. Detection of virulence genes and 23S rRNA of Campylobacter jejuni isolates from Barki sheep stool. A:
Detection of flaA gene. B: Detection of virBIl. C: Detection of iam gene. D: Detection of ciaB gene. E: Detection of 23S
rRNA
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Figure 6. Sequence distance of 5 Campylobacter jejuni isolates from Egypt, compared with 24 Campylobacter jejuni in
the gene bank

DISCUSSION

The intermittent nature of Campylobacter infection explains why there are different reports on this type of infection and
impeding the discovery of its source (Havelaar et al., 2013). It is established that poultry is the main source of human
infection (Ranjbar and Babazadeh, 2017; Nur-Aziera-Aina et al., 2020), Campylobacter spp. is also highly prevalent in
ruminants all over the world (Babazadeh and Ranjbar, 2022). There is growing data that the ruminants play a pivotal role
in the spreading campylobacteriosis to humans as cattle and sheep are considered the second most important reservoir
after broiler for the transmission of C. jejuni infection to humans (Roux et al., 2013).

Of 302 fecal samples from sheep in Shiraz, Iran, 67.8% were positive for the presence of Campylobacter species
isolates showed high resistance to cephalothin (83%) and ciprofloxacin (67.7%, Khoshbakht et al., 2016). Regarding the
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obtained results of the current study, there was no antibiotic that could trigger the sensitivity of all Campylobacter
isolates. Fluoroquinolones are one of the recommended drugs for campylobacteriosis treatment. The Campylobacter
strains resistant to ciprofloxacin were established in the late 1980s, indicating that the animals play a key role in
generating and transmitting the resistant bacteria. At Present, C. jejuni resistance to fluoroquinolones is increasing
worldwide which poses a threat to public health (Wieczorek, 2011). The current findings indicated that the treatment
with fluoroquinolones has become inefficient as some Campylobacter strains are resistant to this class of antibiotics
(Bolinger and Kathariou, 2017).

Antibiotic resistance was high against the ciprofloxacin (68.3%), and this is consistent with a previous prevalence
report in South Africa where rates of Campylobacter resistance to fluoroquinolones have been reported between 14.8%
and 51.3% (Kepner et al., 2003). These results show that Campylobacter resistance to fluoroquinolones can increase over
the years. Therefore, constant monitoring is necessary as Campylobacter species can mutate (Luo et al., 2003).

High tetracycline resistance has been recognized globally. Modifications in media to test C. jejuni isolates from
several countries in the European Union indicated a resistance of about 45% (Aleksi¢ at al., 2021). In the present study,
there was relatively higher tetracycline resistance (48.4%). The higher resistance of C. jejuni to the tetracycline group
may be due to the overuse of this group of antibiotics as they are given to treat most infections in the veterinary field in
Egypt (Schiaffino et al., 2018). The comparatively high co-resistance of some strains of C. jejuni to tetracycline and/or
ciprofloxacin is also important due to their clinical significance in the treatment of severe cases of campylobacteriosis.
Therefore, the best solution is to use other groups of antibiotics, such as aminoglycosides and macrolides, and to use
them only in severe cases where mild forms of Campylobacter should be considered a self-limiting infection.

In the current study, C. jejuni strains from sheep stool were examined for resistance to ciprofloxacin. An increase
in C. jejuni resistance to ciprofloxacin was detected (68.3%), which was similar to previous studies in Poland
(Wieczorek and Osek, 2013) and other EU countries (EFSA, 2014a; EFSA, 2014b). It must be taken into consideration
that the prevalence of resistance can change significantly over time (p < 0.05), amino acids substitution is the main cause
of fluoroguinolones resistance in Campylobacter (Wieczorek and Osek, 2013). The most common silent mutations in the
quinolone resistance determination region of gyrA are presented in Table 3. Thr86lle substitution in the gyrase reveals
high-level resistance to this antibiotic group (Payot et al., 2006). In agreement and confirmation of this and other similar
studies (Duarte et al., 2014), the Thr86lle substitution was the most detected amino acid change. On the other hand,
further mechanisms of resistance, such as alteration in the outer membrane permeability and efflux systems, have been
reported (Charvalos et al., 1996) and these may explain the detection of phenotypic resistance without amino acid
changes in gyrA in the tested strains.

It is noteworthy that the silent mutation in Campylobacter species was reported in both resistant and sensitive
strains to ciprofloxacin and a high number of combinations of transitions and mutations may exist. The current work
confirmed these results, and some silent mutations that are frequently observed at Ser-119 — His, Glu-131 — Glu, and
Ser-157 — Ser correspond to mutations detected in Campylobacter strains isolated in Finland and Brazil (Hakanen et al.,
2002).

In the present study, gentamycin and erythromycin exhibited a lower resistance at 6.3% and 4.5%, respectively.
Therefore, they offered a better alternative drug for the treatment of campylobacteriosis. It is interesting to note that
when using macrolides (erythromycin) in treatment, attention should be devoted to testing resistance to erythromycin.

The mechanism through which the Campylobacter species cause enteritis is a complex process depending on many
factors where specific genes are implicated in all virulence stages of adhesion, colonization, invasion, and toxin
production (Bolton, 2015). To evaluate the pathogenicity of the Campylobacter isolates in the present study, the
existence of five essential genes coding the virulence factors, such as the motility (flaA), invasive (iam and ciaB),
ATPase activity (dnaJ), and adhesion (virBII) genes in the isolates have been investigated.

The first step in pathogenesis is intestinal colonization. This requires the motility of the microbe into the mucus
layer that covers the enterocytes. Campylobacter motility is granted by the polar flagella in ‘cork-screw’ shape
movement allowing them to effectively penetrate and overcome this mucus barrier (Haag et al., 2012). The flagellin
protein encoded by the flaA gene is considered the most virulence factor that has been studied and characterized in
Campylobacter species (Hermans et al., 2011).

The higher prevalence of flaA gene (93%) among the Campylobacter isolates in the present study is nearly
consistent with an Egyptian study by Abd El-Hamid et al. (2019), where the flaA gene was detected in all isolates
(100%). On the other hand, the flaA gene prevalence was inconsistent with other published studies where the prevalence
was 87.5%. This discrepancy can be attributed to the identification of a higher number of virulence genes.

The second step in pathogenesis is adhesion. Gene liable for the adhesion of C. jejuni is virBlI that is responsible
for producing the IV secretory system protein and is located on the pVir plasmid. It has been reported that strains that
show a mutation in the virB11 sequence have a much lower ability in adhesion and penetration when compared with the
original strains, and hence, lower pathogenicity (Bacon et al., 2000). In the present study, the gene was detected in 7.3%
of the isolates, which was in accordance with the previous work with a prevalence rate of 9.7% (Abd El-Hamid et al.,
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2019). One of the most crucial genes for adhesion and invasion is the ciaB gene (Campylobacter invasive antigen B).
The ciaB gene has been reported to be involved in the invasion of the enterocytes and plays a significant role in
colonization (O Créinin and Backert, 2012). and was detected in 42% of the tested strains. The low frequency of the ciaB
gene in the clinical isolates disagrees with other previously published data reporting 100% detection of this virulence
gene in their isolates (Biswas et al., 2011). Therefore, the results obtained from the current study confirm the claim that
not all Campylobacter strains having the ciaB gene can adhere to or invade enterocytes. This indicates the presence of
other factors than those coded by the ciaB gene on Campylobacter surfaces, and this perception is confirmed by previous
studies (Bolton, 2015). In accordance with the current study, a lower prevalence of ciaB (76.4%) has been measured in
Qatar, while the prevalence range of 52.4-71.4% was reported in Asia and 51.5-66.7% in the Arabian Peninsula
(Carvalho et al., 2001).

Another invasion-associated marker (iam) gene is one of the most essential factors for the invasion of the host cell
and was detected in the current study with a prevalence of 6.8%. This prevalence is considered too low, compared to
earlier studies where the prevalence reaches 85%. This divergence may be due to the scarcity of iam in the isolated
Campylobacter strains and therefore, its role in the Campylobacter pathogenesis should be further assessed (Wieczorek
etal., 2018).

The bacterial response to the thermal stress is mainly via the expression of heat shock proteins. These proteins play
an important role in thermotolerance. They act as chaperones to improve the folding of cellular protein, and degradation
of possibly deleterious misfolded proteins. Several heat shock proteins were identified in the C. jejuni, including DnaJ,
DnakK, GroESL, and ClpB genes. However, the most important one is dnaJ gene, as any mutation in C. jejuni unable the
bacteria to colonize the enterocytes (Konkel et al., 1998). In the present work, dnaJ gene was detected in 88% of all
tested sheep fecal samples. Relatively similar results were reported by many authors (Redondo et al., 2019) who verified
the importance of dnaJ gene for colonization.

CONCLUSION

Campylobacteriosis control and prevention in sheep requires an understanding of the transmission routes, antibiogram,
and virulence abilities of the isolates. The results gained in the current study demonstrated the presence of
Campylobacter isolates and different degrees of resistance. The prevalence of the resistance may mainly be attributed to
the misuse of antibiotics used for the treatment of Campylobacter infections, such as ciprofloxacin and tetracycline.
Although the isolated strains carried both virulence and antibiotic resistance genes, continuous monitoring of the
prevalence of Campylobacter strains and identification of associated genes for virulence and antibiotic resistance is
urgently required to update effective treatment schedules for Campylobacter infection.

Finally, it is worth mentioning that the presence of virulence genes is an important predictor of strain virulence
although it may not exactly predict the virulence of the isolated Campylobacter strains. Additionally, negative PCR
results do not mean that there is no gene but could be attributed to a different primer binding site sequence or the
presence of another gene with a similar function. To generalize the findings, extensive profiling that includes more
virulence genes is required for other strains of Campylobacter.
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ABSTRACT

Honey from Trigona species is widely used as herbal medicine in humans due to its antimicrobial, anti-
inflammatory, and antioxidant effects as well as the potential to increase body resistance and boost blood formation.
The current study aimed to determine the hemato-biochemical profile of dogs with atopic dermatitis treated with
Trigona honey. The hematology profile included the measurement of erythrocytes, hemoglobin, hematocrit, and
erythrocyte index, as well as blood biochemical parameters, including aspartate aminotransferase (AST), alanine
transaminase (ALT), and blood sugar. A total of 12 local dogs aged 4 months old were divided into two treatment
groups, namely the control group (G1) and treatment with liquid Trigona honey at a dosage of 5 ml/dog/day (G2) for
35 days. Then, blood was collected and tested for routine and chemical blood assay. The results showed that the
administration of fresh Trigona honey (5 ml/day for 5 weeks) exhibited a significant increase in most of
hematological variables of dogs with atopic dermatitis, compared to G1. The results of blood biochemical profiles
(AST, ALT, and blood glucose) remained unaffected by the treatment of Trigona honey. It can be concluded that
honey from Trigona spp. was safe to be given to the dogs with dermatitis and no adverse physiological effects were
observed during the present study.
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INTRODUCTION

Honey from Trigona spp. is widely used as herbal medicine in humans. It was reported to have antimicrobial, anti-
inflammatory, and antioxidant effects, as well as the potential to increase body resistance and boost blood formation
(McLoone et al, 2016; Baby et al., 2018). It has no or very low side effects (Erejuwa et al., 2012; Chuttong et al., 2015).
Honey from Trigona has strong antioxidant potential because it contains polyphenols in the form of phenolic acids
(chlorogenic, ferulic, caffeic, ellagic, vanillic, benzoic, cinnamic, and coumaric acids) and bioflavonoids (pinocembrin,
apigenin, hesperetin, chrysin, quercetin, luteolin, myricetin, pinobanksin, galangin, and kaempferol) to scavenge free
radicals (Nayik and Nanda, 2016; Baby et al., 2018). High levels of antioxidants also have a hepatoprotective function
(Visweswara et al., 2016) that may be evident by hemato-biochemical alterations. Antioxidant activity is related to the
breakdown of free radicals (Ahmend and Rao, 2013), and has an ameliorative effect on the clinical signs of canine atopic
dermatitis (De Santiago et al., 2021). In addition, Trigona honey is rich in organic acids, proteins, amino acids, minerals,
and Vitamin C. This type of honey is also reported to function as antibiotics, antitoxins, anti-inflammatory (Criner et al.,
2014), immunostimulants, and blood-forming (Baby et al., 2018).

There are a few reports on the use of honey for the treatment of dermatitis in dogs. The use of honey as alternative
medicine in dogs is effective to manage otitis externa (Maruhashi et al., 2016). However, the use of honey from Trigona
spp. for the nutrition and treatment of diseases in dogs has not been widely investigated. Stray dogs are reported to have
a very high incidence of dermatitis due to poor maintenance, irregular food, and high chances of infection from the
environment (Purnama et al., 2019). Infections on external parts of the body can also impact physiological changes in
animals, which can be seen from the hematological and biochemical profiles of the blood. Therefore, the current study
aimed to determine the effects of oral administration of honey from Trigona spp. on hematological and biochemical
profiles of blood as liver function indicators in dogs with atopic dermatitis.

MATERIALS AND METHODS

Ethical approval
The procedures performed in this study were guided by the principles of animal welfare, the Animal Welfare Act of
the Faculty of Veterinary Medicine of Udayana University, Bali, Indonesia (No B/81/UN14.2.9/PT.01.04/2021).
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Research design

This study used 12 local dogs (2 males and 10 females) aged 2-6 months old diagnosed with atopic dermatitis with
clinical signs of itching, redness, and swelling on the skin (Junaedi et al., 2020). Two dogs were served as a control
group (G1) while 10 dogs were treated orally with fresh honey from Trigona spp. (G2, 5 ml/dog/day for 5 weeks). The
honey was collected from a local farmer in Badung regency, Bali, Indonesia. All dogs were placed in separate cages and
adapted to the study environment with a room temperature of 26-30°C and relative humidity of 71-85% for 14 days
before the treatment. The dogs were given commercial dog dry food (PEDIGREE® Puppy, United Kingdom) for 14
days. Dogs were bathed regularly every week. The hemato-biochemical investigations were carried out three times on
day 1 as well as on weeks 3 and 5.

Collecting blood samples

The blood samples were collected from the cephalic vein in a non-EDTA vial for routine hemato-biochemical
examination without using any medication. The collected blood samples were stored in a cooler box and transported to
the laboratory for blood examination on the same day within 30 minutes.

Routine blood tests

Routine blood tests were performed using an automated hematology analyzer (BC-2800Vet Mindray, Nanshan,
Shenzhen, China). The hematologic investigation includes red blood cell count, hemoglobin, hematocrit, white blood cell
count, lymphocytes, monocytes, and neutrophils.

Blood serum biochemical assay

Blood biochemical assays for aspartate aminotransferase (AST), and alanine transaminase (ALT) were performed
using an automated chemistry analyzer (chemray 120; Rayto Co., Shenzhen, China). Evaluation of Blood glucose was
performed using glukometer GlucoDr™ (All Medicus Co., Ltd., Anyang, South Korea). Albumin levels were determined
using a Spectrophotometer (Rayto life and AnalyticalScience Co., Ltd, Shenzhen, China). All tests were done in the
Laboratory of Veterinary Internal Medicine, Faculty of Veterinary Medicine, University of Udayana, Bali, Indonesia.

Statistical analysis

All data were analyzed by using SPSS for windows 25 (SPSS Inc., Chicago, IL, USA). In order to investigate the
statistical difference between the treatment and control group, Student’s T-test was applied. The t-test probability result
values greater than 0.05 were considered non-significant.

RESULT AND DISCUSSION

The results showed that the hematology profile values for all parameters were below the normal value range (Table 1).
This means that the hematological profile, including red blood cells, hemoglobin, and hematocrit values, of dogs who
suffered from atopic dermatitis (control group), was below the normal range for healthy dogs. The Hemoglobin and red
blood cell (RBC) values below normal range indicated that dogs were anemic. This result indicated that the control dogs
with atopic dermatitis had anemia at the beginning of the study. It could result from receiving no treatment and the
presence of atopic dermatitis at the beginning of the study (Figure 1a). Atopic dermatitis usually causes anemia because
the dogs feel uncomfortable with the itching leading to stress. Widyanti et al. (2018) reported that most dogs with
dermatitis had anemia. Stress conditions also trigger anemia due to problems in the erythropoiesis process. lron
deficiency can be caused by ectoparasite infection, leading to low hemoglobin conditions which were previously
reported by Sakina and Mandial (2013) in dogs with scabies and demodicosis. Bacterial infections also play a role in the
occurrence of anemia, as bacteria use heme as a source of iron in their growth (Widyanti et al., 2018). This anemia
condition was also confirmed by the hematocrit value below the normal range. Hematocrit value can be used to measure
the degree of anemia or polycythemia.

The administration of honey from Trigona improved the hematological profile of dogs with dermatitis although the
increase was not statistically significant (p > 0.05). The improvement of the hematological profile of dogs treated with
honey indicated that honey from Trigona spp. contains 85% glucose and fructose, which can be used as a ready-to-use
energy source in the body. This type of honey is rich in organic acids, proteins, amino acids, minerals, and vitamin C,
which triggers the formation of erythrocytes and is easily absorbed into the gastrointestinal tract (Criner et al., 2014:
Baby et al., 2018).

In addition, the high polyphenol content in honey from Trigona spp. did not damage internal organs, such as the
liver and pancreas (Nayik et al., 2016; Baby et al., 2018). This is evident from AST, ALT, and blood glucose values
which were recorded within the normal range (Table 1).
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Table 1. The hematological parameters of dogs with dermatitis and treated with Trigona spp. honey

Parameter Treatment Day 1 Week 3 Week 5 Normal Range*
Gl 6.21 + 2.56 410 +1.27 451+1.09
RBC + SD (x10% uL) 55-85
G2 460 +1.39 475+0.39 4.84+059
. Gl 112226 8.9+282 85+ 155
Hemoglobin + SD (g/dL) G2 8.98 + 1.67 10.3+0.92 9.35+1.10 12-18
+ + +
POV £5D (9) Gl 30+4.24 26 + 8.48 303564 a7os
G2 25.16 + 6.49 30.8+2.22 30.85+ 3.4
Gl 31.15 + 251° 32.5+0.98 28.39 + 6.93
WBC+ SD (x10% pL) . 6.0-17.0
G2 19.76 + 7.45 19.58 + 6.44 15.93+7.3
Gl 8.00 % 0.00 75353 701%14
0, -
Monocyte (%) G2 9.16 + 6.61 6.33 +4.08 8.50 +2.73 310
Gl 350 + 3.53 105+2.12 9.23+31
Eosinophil (%) 2-10
G2 5.33+5.68 12,6 +12.19 11.6 +5.46
Gl 14.00 £ 2.82 19+ 141 3341627
Lymph % 12-
ymphocyte (%) G2 12.66 +4.17 1433 +585 26.8+11.4 30
Gl 745+ 0.70 60.5 + 3.53 481+ 13.9
Neutrophil (% 60-77
eutrophil (%) G2 7283489 65.83 +10.9 53.00 +5.00

G1: Control, G2: Treatment Trigona spp. honey, SD: Standard deviation, #": Different letters in column mean significant (p < 0.05), RBC: Red blood
cell, PCV: Packed cell volume, WBC: White blood cell. *Reference: Weiss et al. (2010).

Table 2. The blood biochemical parameters of dogs with dermatitis and treated with honey from Trigona spp.

Parameter Treatment Day 1 Week 3 Week 5 Normal Range*
AST 5D @) @ cane  amees  sweis 00

1 53 1+£4.24 25+8.84
ALT 25D )
SR - T
Glucose (mg/dL) g; 19035.55; 39i.139 19035.55; 39i.139 7721.;33361i 197.?102 53-117

G1: Control, G2: Treatment Trigona spp. honey, SD: Standard deviation, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, *®:
Different letters in a row mean significant (p < 0.05). *Reference: Willard and Tvedten (2012)

Figure 1. Balinese local dog with atopic dermatitis
before and after treatment with honey from Trigona

Spp.

A: Dog before treatment with the lesion of alopecia
and visible erythema at the beginning of the study;

B: Three weeks after treatment, the fur starts to grow
and the lesion of alopecia is smaller than before, the
erythema is not as visible as day 1;

C: Five weeks after treatment, the soft fur is fully
grown and no sign of erythema

199
LCKAICRGINYeENLIY Suartha IN, Sudimartini LM, Jayanti PD, and Wijayanti NPAD (2022). Effect of Oral Administration of Honey on Hemato-biochemical Parameters of
Dogs with Atopic Dermatitis. World Vet. J., 12 (2): 197-202. DOI: https://dx.doi.org/10.54203/scil.2022.wvj25



The administration of Trigona honey in dogs with dermatitis had a significant effect on the total WBC, monocytes,
eosinophils, basophils, lymphocytes, and neutrophils (p < 0.05). However, there was an increase in eosinophils and
lymphocytes and a decrease in total white blood cells (WBC) and neutrophils, which indicated a healing response in
dogs suffering from dermatitis (Ferrer et al., 2014). An increase in WBC number has many potential etiologies. The
Increase of WBC (Leukocytosis) is a common sign of bacterial infection, chronic inflammatory conditions, or some
medications. In the acute stage of several bacterial infections, primarily mature and immature neutrophils can be found.
The obtained results of the current study indicated an increased number of WBC in the first week of the study in both
groups. Stressors also can trigger acute leukocytosis. The most common type of leukocytosis is neutrophilia, which can
be due to infections, stress, chronic inflammation, and medication use. Leukocytosis occurs due to hypersensitivity
reactions, immune dysregulation, and/or bacterial and fungal infections on the skin surface. The total WBC value at the
next week of honey administration leads to normal values. In other words, honey as an anti-inflammatory agent also has
the potential to increase leukocytes (Majtan, 2014).

An increase in monocytes (monocytosis) followed by neutropenia indicates recovery from inflammation and
infection. Honey plays an important role in activating macrophages, which play an active role in wound healing due to
inflammation in the skin (Majtan, 2014). Although uncommon, eosinophilia may suggest allergic conditions such as
dermatologic conditions and parasitic infections (Alangari et al., 2017). Lymphocytosis can occur in patients with viral
infections and hypersensitivity reactions. The administration of honey could increase lymphocytes which act as the
immune system of the body (Ahmed et al., 2018). Flavonoids from honey stimulate antibody production and
antibacterial activity (Yaghoobi and Kazerouni, 2013). In patients with dermatitis, there is a strong corticoid reaction
with systemic stress affecting lymphopenia and eosinophilia as well as decreasing neutrophil values (Dulman et al.,
2015). Neutrophilia can occur because a secondary pathogen infects the dog's skin (Breathnach et al., 2011).

The results of the AST and ALT values showed an average decrease after being given honey from Trigona spp. for
5 weeks, but the decrease was still within the normal range (Table 2). The administration of fresh Trigona honey to dogs
with dermatitis had no significant effect (p > 0.05) on AST and ALT activity. The decrease in AST and ALT values
showed that honey does not cause interference with liver function. Factors that cause increased AST activity are tissue
inflammation, toxicity, malnutrition, and hypo-albumin. Therefore, at the beginning of the study, the AST value was
higher than the weeks after the administration of honey. This is because the dogs used in this study were stray dogs
without owners and roamed in the wild, with a high level of stress. With the administration of honey, skin tissue damage
was reduced, leading to a decrease in AST values at week 5. The clinical sign showed that the fur started to grow,
erythema decreased, and dogs did not show any itching signs after the treatment (Figures 1b and 1c). This condition
shows that honey from Trigona contains high levels of antioxidants and has a hepatoprotective effect (Visweswara et al.,
2016) by scavenging free radicals (Nayik et al., 2016; Baby et al., 2018) because it contains hydroxyl groups that act as
reducing agent and as a hydrogen donor against free radicals (Palupi and Martosupono, 2009). Honey from Trigona
contains small amounts of sucrose, so it does not increase AST values (Botezelli et al., 2012), and triggers inflammation
in the liver (Fu et al., 2010; Sanchez-Lozada et al., 2010).

The ALT activity of dogs with dermatitis after administration of Trigona honey for 5 weeks was 30.16 + 5.564
(u/L). This value was still within the normal range for healthy dogs (5-60 u/l). An increase in ALT and AST activity up
to 2-4 times the normal value indicates liver damage. ALT enzymes are known to be found in liver cells, and used as an
indicator of hepatocellular destruction. If the ALT value is higher than the AST, it indicates acute liver parenchymal
damage, while the chronic process shows the opposite result. The increase in ALT in this study did not show mild or
severe damage because it was still within normal limits. Polyphenol compounds as antioxidants effectively maintain
enzyme activity in the blood (Kikuzaki and Nakatami, 1993). Likewise, honey from Trigona spp. did not trigger an
increase in the amount of blood glucose as an indication that there was no disruption of insulin hormone activity in
glycogenesis. This is also due to the high fructose content in Trigona honey.

Fructose stimulates glucokinase enzymes to increase glucose uptake by the liver, glycogen storage, and stimulates
hexokinase enzymes that play a role in the phosphorylation of glucose by adenosine triphosphate into glucose-6-
phosphate when blood sugar levels are high (Erejuwa et al., 2012). Fructose has an important role in producing energy in
the liver. Fructose does not require insulin to enter the cells. Furthermore, the metabolic process of fructose is also
different from that of glucose. The rate of absorption of fructose is slower than that of glucose. If fructose is not absorbed
completely, then fructose is fermented by fungi or bacteria and then converted into ethanol and carbon dioxide
(Prahastuti, 2011). The content of flavonoids lowers blood sugar levels by donating one electron to an unpaired electron
in free radicals formed through the pathway of glucose metabolic activity. The antioxidant content works to fight against
free radicals and oxidative stress by providing one Hydrogen atom to convert free radicals into neutral and non-
destructive compounds.
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CONCLUSION

Dogs with dermatitis were found with anemia and had a low number of erythrocytes, hemoglobin levels, and PCV
values. The administration of fresh Trigona honey resulted in a numerical increase in the number of erythrocytes,
hemoglobin, and hematocrit. The administration of Trigona honey for 35 days exhibited no significant changes in the
values of AST, ALT, and blood glucose. Thus, administration of Trigona honey in liquid form at a dosage of 5 mL daily
for 5 weeks is safe to give to dogs with atopic dermatitis. Further research is needed to find the most optimal dosage of
Trigona honey to treat atopic dermatitis in dogs.
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ABSTRACT

Amoebiasis is a primarily zoonotic disease, mainly transferred through the fecal-oral route and waterborne.
Amoebiasis is still a big challenge for human and animal health and is a major cause of diarrhea in developing
countries, including Ethiopia. Therefore, the study was conducted to assess the epidemiology of the disease in
humans, dogs, and the occurrence of the parasite in water bodies. A prospective cross-sectional study was conducted
in selected districts of the Bale zone in southeastern Ethiopia. Pet owners were selected randomly. Socio-
demographic data were collected using a questionnaire and fecal samples were used to perform microscopic
examination. A total of 383 fecal samples of humans, 383 fecal samples of dogs, and 58 water samples were studied
from December 2019 to July 2020. Of 383 humans, 179 were males and 186 were females, while 94 individuals
were grouped as children younger than 8 years, 164 were grouped as youth within the age range of 8-18 years, and
125 were grouped as adults who were older than 18 years. Of 383 local breeds, dogs were grouped as 87 puppies
younger than one year, 192 young dogs with the age range of 1-2 years, and 104 adult dogs who were older than 2
years. Fecal samples were taken from 173 male and 210 female dogs. The water samples were taken randomly from
the water sources (river, lake, pond, or water tank) at different sites where dogs and humans can easily contact water
to use for different purposes. Of the total samples, 70 humans (18.3%), 63 dogs (16.5%), and 16 water samples
(27.6%) were contaminated with the parasite. The major risk factors for the transmissions of parasites were
contaminated drinking water, large family size, open-air defecation, and improper handwashing. The present study
revealed that the human reservoir was a major risk factor for the spread and transmission of amoebiasis in dogs. The
high prevalence of the disease might be due to open-air defecation, unhygienic health practices, domestic animals
inside the houses, and using local water bodies as a drinking source.
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INTRODUCTION

Amoebiasis has been introduced to the scientific community since 300 BC. Entamoeba histolytica (E. histolytica) was
identified in human fecal samples in 1875. The genus Entamoeba comprises several species, such as E. histolytica, E.
dispar, E. moshkovskii, E. polecki, E. nutalli, E. chattoni, E. coli, and E. Hartmanni (Ekanayake et al., 2006), which
infects a wide range of mammals, including humans, non-human primates (dogs, cats, swine, rats, rabbits), and reptiles
(such as snakes and lizards). Recent studies revealed the presence of E. polecki in swine, goats, and humans (Abioye et
al., 2019). Among reptiles, snakes and lizards are infected by E. invadens which causes amoebiasis in these animals
(Chia et al., 2009). Amoebiasis is a major cause of death in developing countries with an estimated rate of 50 million
cases per year and 100000 deaths per year (Xim“enez et al., 2010).

The main hosts of E. histolytica are humans and primates. Infected dogs and cats can carry this pathogen. Dogs
cannot transmit this pathogen, they only pass non-infective fragile trophozoite. However, dogs and other animals can be
infected by humans (Ashar et al., 2014). The resistant cysts are passed through the excreta of chronic carriers and
asymptomatic individuals. Seropositive Human immunodeficiency virus (HIV) case is a risk factor for invasive extra-
intestinal amoebiasis (Hung et al., 2008). The main reservoir and source of infection are humans (Verkerke et al., 2012).

Amoeba produces cysts during unfavorable conditions and spreads to hosts due to unhygienic conditions. Infective
cysts reach the hosts through unprotected water and contaminated food (Prakash and Bhimji, 2022). The life cycle of
amoebiasis starts with the ingestion of infective cysts. The cysts germinate out and become feeding trophozoites, and
then the trophozoites multiply asexually (Tanyuksel and Petri, 2003). The drinking water contaminated with fecal matter,
human carriers (such as food handlers and livestock workers), and poor hygienic conditions all become major causes of
the infection spread (Ashar et al., 2014). Microscopic examination of fecal samples needs three specimens taken on a
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separate day to increase the sensitivity of the test (Fotedar et al., 2007). The molecular diagnosis is the best method of
identification; however, it cannot be used as a routine technique to identify the parasite due to the high cost and lack of
standardization (Ngui et al., 2012).

The epidemiological studies of amoebiasis in domestic animals, reptiles, and other animals are rare. In Nigeria, the
prevalence rate of amoebiasis in drill monkeys and chimpanzees was reported as 40% and 66%, respectively (Akpan et
al., 2010). In a study conducted in the United Kingdom at Twycross zoo, the prevalence of amoebiasis was 81.7% in
primates among which Old World Colobinae primates showed the highest prevalence of Entamoeba infection (Regan et
al., 2014). Studies from Pakistan indicated that the prevalence of amoebiasis was 6% for local dogs, 2% for exotic, and
1% for crossbreeds (Ashar et al., 2014). Appropriate health practices (food hygienic practice, controlling open field
defecation, hand washing, maintaining good environmental sanitation, especially in controlling the quality of drinking
water, health education to the general public and food trade on the observance of good personal, environmental, and food
hygiene) are the best methods to prevent this disease (Dickson et al., 2017). There is a gap in studies addressing the
prevalence of amoebiasis in humans and dogs interface to measure the effect of the human amoebiasis on dogs
amoebiasis as well as the effect of environmental health on the prevalence of amoebiasis in the study area. Therefore, the
current study was designed to measure the prevalence and associated risk factors of amoebiasis in humans and dogs, and
the occurrence of Entamoeba species in water bodies.

METHODS AND MATERIALS

Study area and duration

The present study was carried out in Delomena and its surrounding districts (Haranabuluk and Medawalabu) of the
Oromiya regional state, Southeast Ethiopia about 430 km away from Addis Ababa, Ethiopia, from December 2019 to
July 2020. The area was selected due to the proximity of Delomana Hospital, Ethiopia, to sample examination and ease
of access to transportation. The altitude of the selected districts is between 850 m and 2800 m above sea level. The area
gains a bimodal rainfall rained from September to November and March to June. An average annual temperature of 20-
25°C and rainfall of 200 mm were recorded in 2020 (BZANRO, 2020).

Study population and sources

The study population consisted of dogs with their owners. The dog owners were included in the study using a
simple random sampling technique. A total of 383 dog owners with their dogs (383 human and 383 dogs) were included
in the study. Out of 383 humans (179 males and 186 females), 94 were grouped as children under the age of 8 years old,
164 individuals with the age range of 8-18 years were grouped as young, and 125 were grouped as adults who aged over
18 years old. Regarding the dogs, they were grouped as 87 puppies younger than one year, 192 young dogs with the age
range of 1-2 years, and 104 adult dogs who were older than 2 years. All dogs included in the current study were local
breeds, among which there were 173 males and 210 females. The owner’s sociodemographic data were collected. Dogs
under different management systems were sampled. The dog’s demographic characteristics, management practices, and
history of deworming and vaccination were also recorded. The questionnaires were distributed among the dog owners.
The plastic container of 1-liter volume was used for water sampling from different water sources (river, lake, wells,
springs, and piped water supply). Using this technique, 58 water samples were collected.

Study design

A cross-sectional study was conducted based on a questionnaire survey (Thrusfield, 2005) and microscopic
examination of stool samples by direct fecal smear and floatation method. The presence of Entamoeba cysts and
trophozoites in fecal and water samples were recorded as positive for Entamoeba species and further investigation of the
historical background of dog owners with their dogs and the conditions of water bodies were carried out to identify the
risk factors for the disease through questioner surveys.

Sampling methods and sample size

A total of 24 kebeles were selected by simple random sampling from the study area. A random sampling method
was used to select the pet owners from the selected kebele. The desired sample size was calculated using a standard
method based on the previous finding with a 5% expected prevalence of amoebiasis in Delomana town by Begna et al.
(2014) results with 5% absolute precision. So, the calculated sample size included 383 dog owners, 383 dogs, and 58
water samples.

Data collection and analysis
Data were collected through direct smears and floatation method of fecal samples (microscopical examination) and
a questionnaire survey. Each participant was asked to provide the fecal sample three times on different days to avoid
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false-negative results. All samples were placed in the air. Watertight samples and the vials were labeled with specific
codes. Then, all stool samples kept in dry universal bottles were sent immediately to the Delomena Hospital Laboratory,
Mena town, Ethiopia, for further studies. Ritchie’s fecal concentration technique (Ritchie, 1948) and polyvinyl alcohol
fixation of stools were carried out to obtain maximum sensitivity (Jensen et al., 2000). The fresh stool specimen was
preserved with polyvinyl alcohol, and kept cool (4°C). Microscopic examination of fresh stool samples was carried out
according to Soulsby (2006). A saline method and Lugol’s iodine method were used to evaluate trophozoite and cysts.
Motile trophozoites were observed and identified. All fecal samples were examined for E. histolytica analysis as
described by Adam et al. (1979) and Soulsby (2006). A positive sample would contain motile amoebic trophozoites
measuring 10-60 um in size. The number of trophozoites and cysts was counted as described by Soulsby (2006). Stool
specimens were stained with Lugol’s iodine for the identification of cysts. The ocular micrometer was used to measure
the size of the trophozoite or cysts. The Entamoeba cysts were identified based on the size and number of nuclei, as well
as the presence and shape of the glycogen mass of chromatid bars. Maximum care was taken to select pathogenic E.
histolytica. However, the result was confirmed as Entamoeba species due to the lack of confirmation by molecular
diagnosis.

A questionnaire was prepared based on the standard questionnaire of the World Health Organization (WHO) and
demographic information (sociodemographic factors, issues related to amoebiasis, hygiene, food handling system,
drinking water sources, dog management practices, knowledge of parasitic diseases, and use of anthelmintics, the
purpose of keeping dogs and the breeds of dogs) were collected.

Methods for detecting Entamoeba cyst in water

A total of 58 samples of high-turbidity water (100 mL) were collected from different sites of water bodies,
including sludge, surface water, and groundwater. The water samples were taken randomly from the water sources at five
different locations. Four different specimens, namely wet soil, mud, turbid water, and clean water were collected from
each sample location. Each sample was then subjected to centrifugation and floatation techniques (Xiao et al., 2004).
Slides were prepared, stained, and subjected to microscopy (XSZ-210, China).

Statistical analysis

Data were analyzed by the SPSS statistical software, version 23. The Chi-Square test and multivariable logistic
regression were performed. Odds ratios were recorded. The Chi-Square test was used to evaluate the association between
hypothesized risk factors and amoebiasis infection. Further analysis of the association was made by the multivariable
logistic regression, and the odds ratio (OR), computed as the exponent of the respective regression coefficients, was used
to quantify the effect of risk factors on the likelihood of amoebiasis. The confidence level was held at 95% and p < 0.05
was used to check the significance level in the analysis of generated data by logistic regression.

RESULTS
The overall prevalence of Entamoeba species in humans, dogs, and the water bodies in study areas is presented in Table
1. Of the samples, 70 (18.3%) humans, 63 (16.5%) dogs, and 16 (27.6%) water samples were positive for Entamoeba

species.

Table 1. The overall prevalence of Entamoeba species in humans, dogs, and the water bodies in Delomena,
Haranabuluk, and Medawalabu districts from December 2019 to July 2020

Humans Dogs Water bodies

St_Ud)_’ Tested Positive Tested Positive Tested Positive
Districts samples (prevalence samples (prevalence samples (prevalence

(N) percentage) (N) percentage) (N) percentage)
Medawalebu 105 26 (24.8) 105 25 (23.8) 12 5 (41.7)
Haranabuluk 125 24 (19.2) 125 20 (16) 20 5 (25)
Delomena 153 20 (13.1) 153 18 (11.8) 26 6 (23.1)
Total 383 70 (18.3) 383 63 (16.5) 58 16 (27.6)

N: Number

Risk factors and prevalence of Entamoeba species in humans
The prevalence of amoebiasis was determined based on family size, living conditions, district, sources of drinking
water, age, and educational status of the study population. Of those risk factors, family size, age, district, standards of
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living condition, sources of drinking water, and educational status were statistically significant (p < 0.05, Tables 2 and
3). The prevalence of human amoebiasis was higher in participants with the largest family size, defecation in the field,
poorest living conditions, age range of 8-18 years, being users of the lake as water sources for household consumption,
and illiteracy (p < 0.05), compared to other groups. However, there was no significant difference between male and
female participants as shown in Table 3 (p > 0.05).

Statistical analyses of risk factors (demographics of participants) with amoebiasis through logistic regression
analysis are illustrated in Tables 2 and 3. The contamination of drinking water (occurrences of Entamoeba species in
water bodies) was statistically associated with the prevalence of human amoebiasis (p < 0.05). The prevalence of
amoebiasis was higher in individuals who used contaminated drinking water (OR= 67.05, Cl= 31.303- 143.618, p <
0.05), compared to those who used clean water for household consumption (absence of Entamoeba species in water
bodies).

In terms of defecation, the open-air defecation group showed a higher infection rate of 26.4% (OR= 0.367, Cl =
0.195- 0.689, p < 0.05), compared to the users of a toilet with a 6.4% infection rate of Entamoeba species. Moreover, a
univariate analysis of the socio-demographic factors indicated that the prevalence rate of amoebiasis was associated with
the living condition and the family size of participants.

The users of lake, river, well and spring water for household consumption were at higher risk, compared to the
users of the piped water supplied by the municipalities. A significant association was observed between the sources of
drinking water (lakes, rivers, and spring uses for drinking water, OR = 0.762, Cl = 0.633-0.917, p < 0.05) and the
prevalence of amoebiasis in participants. It was observed that the prevalence rate decreased from 29.8% to 4.2%, with
the lower education level of the participants (OR=0.569, CI = 0.409-0.790; p < 0.05).

A total of 105 (27.41%) participants were from Medawolebu district, Ethiopia. Infection was higher in respondents
from the Medawolebu district, Ethiopia (OR= 1.477, Cl = 1.072-2.036, p < 0.05), compared to those from the Delomena
and Heranabuluk districts of Ethiopia. The prevalence rate confirmed an age dependency association, with a significantly
highest prevalence of amoebiasis in respondents of the age group between 8-18 years old (OR = 1.588, CI = 1.015-
2.485, p < 0.05), compared to other age groups.

There was no significant association between the prevalence of Entamoeba species infection and the sex of the
participants, however, males (19.8%) had a slightly higher prevalence rate, compared to females (16.7%).

Table 2. The potential risk factors associated with Entamoeba species in human Delomena, Haranabuluk, and
Medawalabu districts from December 2019 to July 2020

Number of X? Logistic regression
Variable San:efg‘;‘iN) positive (Chi-
P (%) square) OR (95% CI) P-value

Presence of Entamoeba species in waterbody

Occurrence 314 54 (78.3) 202.743 67.050 (31.303-143.618) 0.001

Absence 69 16 (5.1) 57.968 (25.652-130.994) '
pefecation Open-air 193 51 (26.4) 0.367(0.195-0.689)

pen-c . ’ 20.463 0.352 (0.174-0.710) 0.001

Sometimes use toilet 65 11 (16.9) 0.337 (0.172-0.659)

Use toilet 125 8 (6.4) ' ) '
Family size

<6 307 32 (10.4) 6.513 (2.787-15.220)

>6 76 38 (50) 63.883 0.001
Income

S 0.252 (0.111-0.568

High income 117 11 (9.4) 8.884 0957 go 108-0 610; 0.001

Low income 266 59 (22.2) ' ' ) '
Handwashing

Proper handwashing 168 18 (10.7%) 11.459 0.46 (0.23-0.9) 0.0016

Improper handwashing 215 52 (24.2%) '

N: Number

The prevalence and risk factors of amoebiasis in dogs

The result of the microscopic examination of the fecal samples of the dogs is presented in Table 1. The results
indicated that out of 383 fecal samples examined, 63 (16.5%) were positive for Entamoeba species. The present study
revealed a significant association between amoebiasis in dog owners and amebiasis in dogs (p < 0.05). A higher
prevalence of amoebiasis was observed in dogs whose owners had amoebiasis than in dogs whose owners did not have
amoebiasis. The age and sex-wise prevalence of Entamoeba species were observed as the pups and females had higher
prevalence, compared to adults and males (Table 4).
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Table 3. The potential risk factors (sociodemographic) factor associated with Entamoeba species in human Delomena,
Haranabuluk, and Medawalabu districts from December 2019 to July 2020

Variable Tested samples Positive X2 Logistic regression
(N) samples (%) (Chi-square) OR (95% ClI) P-value
Sources of water
River 199 40 (20.1)
Lake 40 15 (37.5)
Well 28 7(25) 23.496 0762 (0.633- 0.917)
Spring 14 3(21) 0.004
Piped-water supply 102 5(4.9)
Literacy
Iliterate 141 42 (29.8) 0.569 (0.409-0.790)
Read and write 112 17 (15.2) 0.563 (0.401-0.789)
Elementary school 63 8 (12.7) 23.083 0.536 (0.382-0.751) 0.008
High school 43 2(4.7) 0.518 (0.366-0.735)
Professional 24 1(4.2) 0.536 (0.376-0.765)
District
Delomena 153 20 (13.1%)
Heranabuluk 125 24 (19.2%) 5.803 1.47 7(1.072-2.036) 0.017
Medawolebu 105 26 (24.8%)
Age
Child<8 94 9(9.6)
Young (>8<18 yr) 164 41 (23.6) 8.08 159 (1.01-25) 0.043
Adult (> 18yr) 125 20 (17.4) '
Sex
Male 179 39 (19.8)
Female 186 31(16.7) 0628 10 0.428
N: Number

Table 4. The potential risk factors associated with Entamoeba species in dogs of Delomena, Haranabuluk, and
Medawalabu districts from December 2019 to July 2020

. Tested Positive samples X? Logistic regression
Variable ;
samples (N) (%) (Chi-square) OR (95% CI) P-value

Owners’ health status

Infected by Entamoeba 70 18.3

. 299.01 20 (165.71-2319.7 .001

Not infected by Entamoeba 313 81.7 99.0 620 (165 319.73) 0.00
Age

<lyr 87 10 (11.5)

> 1yr<2 192 23(12) 15.9 21'195983 ((11;131274_ 33.20805)) 0.001

>3 104 30 (28.8) ' ' '
Sources of drinking water

River 199 37 (18.6) 0.69 (0.57- 0.85)

Lake 40 12 (30) 17,443 0.72 (0.59- 0.87)

Well 28 5(17.9) ' 0.71 (0.57-0.88) 0.001

Spring 14 4 (28.6) 0.69 (0.54-0.86)

Piped water supply 102 5(4.9)
District

Delomena 153 18 (11.8)

Heranabuluk 125 20 (16) 1.673 (1.180-2.371) 0.004

Medawolebu 105 25 (23.8)
Sex

Male 348 36 (17.1)

Female 173 27 (15.6) 0.163 2.0 (0.48-8.14) 0.340

N: Number

Occurrence of Entamoeba species in water and its risk factor

A total of 58 samples of high-turbidity water (100 mL) were collected at various points of a water body (lake, river,
well, spring, and pipe water), where the water was used for household consumption. Out of the 58 water samples,16
(27.6%) were positive for Entamoeba species based on direct microscopical examination (Table 5). During the study, it
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was found that 26.63% of domestic households in study areas were supplied with treated water from piped water supply
and there were other remote villages with a sparse population not being covered by the main water supply system. The
risk factors, sources of drinking water (lakes, rivers, springs, and wells, versus piped water supply), hygienic (poor
hygienic surroundings versus good hygienic surroundings), human activities around water bodies (higher human
activities around water bodies versus lower human activities around water bodies), and turbidity (lower turbidity of water
bodies versus higher turbidity of water bodies) were significantly associated with the occurrence of Entamoeba species
in water bodies (p < 0.05). The study revealed that the occurrences of the parasite in water bodies with poor hygienic
surroundings (OR = 39, CI=7.635-199.208, p < 0.05) were highly comparable to that of water bodies with good hygienic
surroundings. The occurrences of the Entamoeba species were higher in water bodies with a history of high human
activities in and surrounding water bodies (OR = 9.667, Cl = 2.347-39.817, p < 0.05) and lower turbidity (OR = 0.064,
Cl = 0.007-0.617, p < 0.05), compared to minimal human activities in and surroundings water bodies and higher
turbidities, respectively.

Table 5. The potential risk factors associated with Entamoeba species in water bodies of Delomena, Haranabuluk, and
Medawalabu districts from December 2019 to July 2020

Tested Logistic regression

. Positive 2 s

Variable salg]Np)Ies samples (%) X“(Chi square) OR (95% Cl) p-value
Surrounding hygiene

Good 43 4 (9.3) 27.82

Poor 15 12 (80) 39.0 (7.635-199.208) 0.001
Population and animal activity

High 26 13 (50%)

Low 3 3 (9.4%) 11.851 9.667 (2.347-39.817) 0.002
Turbidity

High 27 3.7

Low 3 13 (48.1) 10.692 0.064 (0.007-0.617) 0.017
Protection

Unprotected 40 15 (37.5)

Protected 18 1(56) 6.341 0.098 (0.012-0.813) 0.031
Sources of water

River 25 8 (33.3)

Lake 2 2(66.7)

Well 9 4 (44.4) 8.358

Spring 4 1(25) 0.686 (0.472-0.998) 0.049

Piped water supply 18 1(5.6)

N: Number
DISCUSSION

In the study area, the high activities of domestic animals and humans surrounded by unprotected water sources caused
frequent contamination of surface water, ponds, wells, rivers, and lakes with cysts of Entamoeba species. The occurrence
of Entamoeba species in the water body depended on open-air defecation and high human activity in the surrounding
water body. The overall prevalence of amoebiasis in humans was found to be 18.3% which agreed with the findings of
previous studies conducted in Omo valley in southern Ethiopia with a prevalence of 16% (Teklehaymanot, 2009).
Comparatively, the obtained result of the present study indicated a lower prevalence rate, compared to previous studies
conducted in different parts of Ethiopia, such as 27.3% in Gondar (Ayelaw et al., 2011), 33.7% in Diredawa (Dawit,
2006), and in other countries, Kenya which was 74.1% (Robert et al., 2008) and 25.9% in Tajikistan (Matthys et al.,
2011). However, the prevalence rate of Entamoeba species was higher in the current study, compared to other parts of
Ethiopia, including 5% in Delomenatown (Begna et al., 2014), 5.6% in Jimma (Amare et al., 2007), 2.2% in South
Wollo (Haji, 2016) and other countries, such as 6.2% in Thai district, Myanmar (Simona et al., 2005),4.1% in Parma
Italy (Chukiat et al., 2003), and 0.4% in Kuala Lumpur, Malaysia (Jamaiah and Rohela, 2005). This higher prevalence of
Entamoeba species might be due to low sanitary conditions and contamination of drinking water.

The results of the present study indicated a significantly higher prevalence of Entamoeba species among large-size
families, compared to the small families. This finding was similar to a study in Derna city, Libya (Sadaga and Kassem,
2007) which reported higher infection of intestinal parasites in big families. Similarly, exposure to E. histolytica was
positively associated with overcrowding at home or more household members in the family in the Orang Asli Ethnic
Group in Malaysia (Shahrul et al., 2012) and Mexico (Alvarado et al., 2015). However, Gelaw et al. (2013) and Nath et
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al. (2015) reported that infection of E. histolytica was independent of family size in Ethiopia and India, respectively. The
results of the present study indicated that participants both humans and pets belonging to large size families might be
favoring the transmission of Entamoeba species. This might be due to overcrowding near homes.

Toilet usage and open-air defecations were statistically significant. This further increased the risk of the high
prevalence of Entamoeba species. Similar findings were reported by Haji (2016). Indiscriminate stool elimination
increased the risk of Entamoeba prevalence among communities. A study conducted on antiretroviral-treated
HIV/Acquired Immunodeficiency syndrome patients in Ethiopia also reported that unavailability of latrines and lack of
handwashing with soap was associated with E. histolytica/dispar infections (Mahmud et al., 2014). Open field defecation
is found to be an important determinant in Nigeria, for E. histolytica/ E. dispar infestation which was similar to the
findings of the present study (Idowu and Rowland, 2006).

It has been noted that those who did not wash their hands properly were at higher risk of being infected with
Entamoeba species. The main role of dirty hands in the fecal-oral spread of the disease has been well reported in low-
income countries and washing hands before eating or after defecation have been regarded as a secondary barrier. The
result agrees with previous studies (Gasem et al., 2001). Poor personal hygiene, poor living conditions, unwashed hands
after playing with soil or gardening, and the presence of already infected family members were important predictors for
intestinal protozoan infections including Entamoeba species (Zhang et al., 2013; Nath et al., 2015; Joyobrato et al.,
2018). In Vietnam, the transmission route via contaminated hands is of significant importance through which the
infection risk increases by three times if hands are not washed properly (Pham et al., 2011). Previous studies in Italy and
Yemen also show the significance of handwashing prior to food (Rinne et al., 2005; Naelahet al., 2011). Hand washing
and diarrhea were significantly associated (Knight et al., 1992) as was reported in Myanmar (Han and Hlaing, 1989) and
Indonesia (Gasem et al., 2001).

The present finding indicated that the factors responsible for infection by Entamoeba species were related to poor
living conditions, unhygienic toilet facilities, without habits of washing hands before taking food. The result agrees with
other studies from India, Italy, and Yemen (Rinne et al., 2005, Naelah et al., 2011; Joyobrato et al., 2018). The place of
defecation and the presence of pets in the houses were found as significant contributing factors. The type of water used
for washing utensils was a determinant of disease transmission. The pond water (27%) is a major determinant of parasitic
infestation, compared to river water (25.8%) and tube wells 14.9%, (Sintu et al., 2011). The literacy of the parents was a
crucial contributing factor in Entamoeba transmission. This was confirmed by the recent studies conducted in Ethiopia
and other countries (Wordemann et al., 2006; Ayalew et al., 2011; Begna et al., 2014).

A significant difference in the prevalence of amoebiasis was observed among the three age groups. The highest
prevalence rate of amoebiasis was seen among the young group (8-18 years), and the lowest infection rate was seen
among children. Similar age distribution of infection had been observed in Dire Dawa, Ethiopia (36.1%), where children
within the age range of 6-14 years had the highest infection rate, compared to other age groups (Dawit, 2006). In Kenya,
individuals within the age range of 10-14 years recorded a higher prevalence and intensity of E. histolytica infection,
compared to the older age group, 15 years and over. Garmie (2016) also reported that children of 8-18 years were the
most affected group with E. histolytica infection. Generally, young children have been reported to be more exposed to
Entamoeba species infection than adults. The reason might be that children have very active playing habits at
home/school and more chances to get in contact with food and drinks that were contaminated with the infective cyst of
the parasite.

The prevalence of Entamoeba species among different sex was not statistically significant. The present study
indicated that 19.8% of males and 16% of females were positive for Entamoeba species. This finding was in agreement
with the previous studies (Ohnishi and Murata, 1997; Sharma et al., 2004; Ozyurt et al., 2007). Other studies conducted
in Turkey (Ogzumusand Efe, 2007) have shown a high prevalence of amoebiasis among females. The higher prevalence
of Entamoeba species in males could be explained on the basis that males are more susceptible than females to infections
caused by parasites because males generally exhibit reduced immune responses and increased intensity of infection
compared to females (Klein, 2000). These differences were usually attributed to ecological, sociological, and
physiological factors.

The prevalence of Entamoeba species between humans using pipe water and a hand pump (protected) and lake,
river, well, and spring (unprotected water sources) showed a significant difference. In the study area, different activities
of humans and livestock surrounding the unprotected water sources led to continuous contamination of surface water,
wells, rivers, and the lake with cysts of Entamoeba species. A similar observation was recorded by Dawit (2006) in
Diredawa. According to Dawit, there is a significant difference in infection of Entamoeba species among children using
protected (23.3% for amoebiasis) and unprotected (33.3% for amoebiasis) water sources. Besides, a study conducted in
the United Kingdom showed that a large number of intestinal parasites, including E. histolytica/dispar were detected in
drinking water samples from water sources where agricultural and human activities were high. On the other hand, the
prevalence of Entamoeba species and other intestinal parasites was low in the protected water bodies with no agricultural
activities and minimal human activities. The prevalence of amoebiasis was low in areas with access to clean water and
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improved environmental hygiene. In the present study, water sample analysis indicated that the occurrence of Entamoeba
species cyst in both protected and unprotected water sources was 27.6%. This occurrence of Entamoeba species in the
water body caused infection in humans and dogs in the study area. The prevalence of Entamoeba species in water bodies
of the study area depended on the level of protection, which stresses the importance of the water quality and the
transmission of Entamoeba species. The occurrence of Entamoeba species in the water body depended on open-air
defecation, and high human activity in and surrounding the water bodies (fetching, swimming, washing, and bathing).
These results agree with the report of Ben and Sabbahi (2017) indicating that the occurrence of amoebiasis in
waterbodies was significantly higher in uncovered wells (43.3%) than in covered wells (35%), in unclean surroundings
(48.9%) than in clean surroundings (20%), in turbid well water (51.9%) than relatively clear well water (30.2%) and
wells frequently used by grazing animals (53.1%).

The present study revealed an overall prevalence of Entamoeba species in pets was 16.5% in Delomena,
Haranabuluk, and Medaworeda districts, Ethiopia. The study reported a lower level of infection with a prevalence of
enteric protozoan infections in dogs at 50.9% in Hawassa, Ethiopia (Mekibib and Sheferaw, 2018). These findings were
relatively similar to the reports from various areas as 12.11% in Spain by Segovia et al. (2010), 13.4% in Bangladesh by
Mahmud et al. (2014), and relatively higher than those reported by Alam et al. (2015) in dogs (7%) and Gillespie et al.
(2017) in Australia (1%), and Justin et al. (2020) in Cameroon (1.5%). The differences in the prevalence of enteric
protozoa could be due to variation in geographic location, owner awareness, and the number of stray dogs in an area. The
prevalence of enteric protozoan parasites in dogs was significantly higher in younger dogs. A higher prevalence of
Entamoeba species in puppies was reported by other studies (Adejinmi et al., 2001, Sager et al., 2006, Lorenzini et al.,
2007). This might be due to either immune incompetence or a low level of passive immunity in puppies received from
their dam. The prevalence of amoebiasis was higher in the dogs whose owners had a history of Entamoeba species
infection, compared to the dogs whose owners were free from the amoebiasis. This appeared to be due to the cross-
infection of Entamoeba species from the owner to the pet. Most of these dogs became chronic carriers of Entamoeba
species. The dogs that were kept by low-income groups of people receive less medical care. The prevalence of
Entamoeba species in the dog was related to the income of the owner. The prevalence of the dog amoebiasis was low, in
which the pet owners had a high income (2%), compared to those with low income.

During a cross-sectional study of dog owners in the study area, the analyses of fecal samples of dogs and their
owners revealed that both harbor the Entamoeba species. Both the samples from the drinking water source and the stool
samples of dog owners showed the presence of cysts or trophozoites. This result indicated that the source of infection
was contaminated drinking water, poor management practice, and level of awareness of dog owners about dog parasites
and associated risk factors, in addition to the lack of veterinary attention. These exacerbated the risk of transmission of
canine parasitic zoonoses to the human community or vice versa.

In the present study, it was surprising to see that amoebiasis was transmitted between humans and dogs.
Additionally, the prevalence of amoebiasis in humans and dogs had a great contribution to the contamination of water
bodies by cysts of Entamoeba species. Entamoeba was identified or diagnosed in both pets and pet owners from the
same households with similar sources of drinking water. During a cross-sectional survey of pet owners in the study area,
63 individuals and their dogs were positive for Entamoeba species. This result agrees with the findings of Endrias et al.
(2010). It is now accepted that E. dispar infection is much more common than E. histolytica worldwide (Ramos et al.,
2005). Human infections with E. moshkovskii have also been reported in Tanzania, Bangladesh, India, Iran, Australia,
and Turkey, and in general, they are not associated with the disease (Solaymani et al., 2006; Tanyuksel et al., 2007;
Fotedar et al., 2008).

CONCLUSION

In the present study, a higher prevalence and occurrence of Entamoeba species have been found among humans, dogs,
and water bodies with the average prevalence rates of 18.3%, 16.5%, and 27.6%, respectively. Amoebiasis was identified
or diagnosed in both dogs and dog owners from the same households with similar sources of drinking water. This
indicated that the transmissions and spread of the amoebiasis occurred among humans, dogs, and water bodies. The
increasing prevalence of Entamoeba species in the present study was associated with the socioeconomic burden of the
community. Improved personal and environmental sanitation is the most effective sustainable option for controlling and
preventing amoebiasis in humans and dogs. People often depend on open-air defecation systems might lead to infection
in humans, dogs, and contamination of water bodies by Entamoeba species. The microscopic examination for intestinal
parasites and comparison with symptom profiles of the patient remains the crucial routine diagnostic tool. However,
further studies using molecular approaches are needed to distinguish the morphologically identical pathogenic and non-
pathogenic species in the studied area.

210
LCEAICRUINYeETIIH Jilo SA, Kadir MA, Hussein JA, and Nair SP (2022). The Transmission Pattern of Amoebiasis in Bale Zone, South East Ethiopia. World Vet. J., 12 (2):
203-213. DOI: https://dx.doi.org/10.54203/scil.2022.wvj26



DECLARATIONS

Acknowledgments

Thank you for your cooperation in the preparation of our work to publishable the version. We would like to
acknowledge the laboratory workers of Jimma University specialized hospital and Dalomana Hospital (Mr. Ishaq
Gelchu, Abraham Walde, and Tesfaye) for permitted laboratory work for free.

Authors’ contribution

Sufian Abdo Jilo generated the idea, proposal, and paper write-up and completed the paper. Mukarim Abdurahman
Kadir, Johar Aliye Hussein, and Sureshkumar P. Nair have taken part in the paper write-up, data analysis, and edition of
the manuscript. All authors read and approved the final version of the manuscript and conceived the study.

Competing interests
The authors have not declared any conflict of interest.

Ethical consideration
Ethical issues (including plagiarism, consent to publish, misconduct, data fabrication and/or falsification, double
publication and/or submission, and redundancy) have been checked by the authors.

REFERENCES

Abioye JOK, Mbagwu TT, and Babatunde S (2019). Prevalence of Entamoeba histolytica in Bingham University and Environs. ECo.
Microbiology, 15(4): 242-250. Available at: https://www.ecronicon.com/ecmi/volume15-issue4.php

Adam KM, Paul J, and Zaman V(1979). Medical and Veterinary Protozology: An illustrated guide. Churchill Livingstone Edi., London,
pp. 32-49. Available at: https://www.sid.ir.com

Adejinmi JO, Okewole EA, and Obideyi SA (2001). Prevalence of Giardia species in dogs in Ibadan, South-Western Nigeria. Nigeria
Veterinarian Journal, 22: 54-59. Available at: https://www.slideshare.net

Akpan P, Abraham AP, and Ekwetiong O (2010). Survey of Gastro-Intestinal Parasites of Chimpanzees and Drill Monkeys in Drill Ranch,
Calabar, Cross River State-Nigeria. African Research Revision, 4(3): 334-340. Available at: https://www.docplayer.net.com

Alam MA, Magbool A, Nazir MM, Lateef M, Khan MS, and Lindsay DS (2015). Entamoeba infections in different populations of dogs in
an endemic area of Lahore, Pakistan. Veterinary Parasitology, 207: 216-219. DOI: https://www.doi.org/10.1016/j.vetpar.2014.12.001

Alvarado EC, Hernandez TJ, and Sanchez AF (2015). Seroepidemiology of Entamoeba histolytica infection in general population in rural
Durango, Mexico. Journal of Clinical and Medical Research, 7: 435-439. DOI: https://www.doi.org/10.14740/jocmr2131w

Amare M, Solomon G, and Tesfaye K (2007). Prevalence of intestinal parasitic infections among urban dwellers in southwest Ethiopia.
Ethiopian Journal of Health and Development, 21(1): 12-17. DOI: https://www.doi.org/10.4314/ejhd.v21i1.100266

Anuar TS, Al-Mekhlafi HM, Ghani MKA, Osman E, Yasin AM, and Nordin A (2012). Prevalence and Risk Factors Associated with
Entamoeba histolytica/dispar/moshkovskii infection among Three Orang Asli Ethnic Groups in Malaysia. PLoS One, 7(10): e48165.
DOI: https://www.doi.org/10.1371/journal.pone.0048165

Ashar M. Muhammad Al, Tanveer A, Sultan M, Muhammad Nisar K, Asif, I, Faisal S, Ghulam A, and Muhammad IS (2014). Amoebiasis:
Prevalence, Treatment with Metronidazole and alidixic Acid in Dogs. Advanced Animal and Veterinary Research, 1(1): 34-37. DOI:
https://www.doi.org/10.5897

Ayalew A, Debebe T, and Worku A (2011). Prevalence and risk factors of intestinal parasites among Delgi school children, North Gondar,
Ethiopia. Journal of Parasitological and Vector Biology, 3(5): 75-81. DOI: https://doi.org/10.1186/1471-2164-14-53

Bale Zone Agriculture and Natural Resource Office (BZANRO)(2020). Annual plan of the year 2012 E.C document, pp. 34-55

Begna T and Taye S, and A Eden (2014). Prevalence and its associated risk factors of intestinal parasitic infections among Yadot primary
school children of South Eastern Ethiopia: a cross-sectional study. BMC Research Notes, 7: 848. DOI: https://doi.org/10.1186/1756-
0500-7-848

Ben AL and Sabbahi S (2019). Entamoeba histolytica. In: J.B. Rose and B. Jiménez-Cisneros, (eds) Global Water Pathogen Project. DOI:
https://www.doi.org/10.14321/waterpathogens.34

Chia MY, Jeng CR, Hsiao SH, Lee AH, Chen CY, and Pang VF (2009). Entamoeba invadens Myositis in a Common Water Monitor Lizard
(Varanus salvator). Veterinary Pathology, 46:673-676. DOI: https://www.doi.org/10.1354/vp.08-VP-0224-P-CR

Chukiat S, Chanathep P, Pataraporn W, Chutatip S, and Pornthep C (2003). Prevalence of Intestinal Parasitic Infection among Thai People
with Mental Handicaps Southeast Asian. Journal of Tropic Medicine and Public Health, 34: 259-263. Available at:
https://www.pubmed.ncbi.nlm.nih.gov/12971546

Dawit A (2006). Association Of Cryptosporidium Parvum, Giardia Lamblia And Entamoeba histolytica/dispar Infection With Drinking
Water Sources Among Children in Rural Part Of Dire-Dawa, Eastern Ethiopia. Thesis, pp. 31-45. Available at:
Https://www.daneprairie.com

Dickson, D. Despommier R, Gwadz W, Daniel OG, Peter JH, and Charles AK (2017). Parasitic Diseases. Protozoal Disease. 7t Edition,
Springer Verlag, New York, pp. 155-163. Available at: http://www.web.natur.cuni.cz

Ekanayake DK, Arulkanthan A, Horadagoda NU, Sanjeevani GKM, Kieft R, Gunatilake SW, and Dittus PJ (2006). Prevalence of
cryptosporidium and other enteric parasites among wild non-human parasites in Polonnaruwa, Sri Lanka. American. Journal. of
Tropical Medicine and Hygiene 74: 322-329. DOI: https://www.doi.org/10.4269/AJTMH.2006.74.332

211
LCEAICRUINYeETIIH Jilo SA, Kadir MA, Hussein JA, and Nair SP (2022). The Transmission Pattern of Amoebiasis in Bale Zone, South East Ethiopia. World Vet. J., 12 (2):
203-213. DOI: https://dx.doi.org/10.54203/scil.2022.wvj26


https://www.ecronicon.com/ecmi/volume15-issue4.php
https://www.sid.ir.com/
http://www.slideshare.net/
https://www.docplayer.net.com/
https://www.doi.org/10.1016/j.vetpar.2014.12.001
https://www.doi.org/10.14740/jocmr2131w
https://www.doi.org/10.4314/ejhd.v21i1.100266
https://dx.doi.org/10.1371%2Fjournal.pone.0048165
https://www.doi.org/10.5897
https://doi.org/10.1186/1471-2164-14-53
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4289289/
https://doi.org/10.1186/1756-0500-7-848
https://doi.org/10.1186/1756-0500-7-848
https://www.doi.org/10.14321/waterpathogens.34
https://www.doi.org/10.1354/vp.08-VP-0224-P-CR
https://www.pubmed.ncbi.nlm.nih.gov/12971546
https://www.daneprairie.com/
http://www.web.natur.cuni.cz/
https://www.doi.org/10.4269/AJTMH.2006.74.332

Endrias Z, Yohannes S, and Berhanu M (2010). Prevalence of helminth parasites of dogs and owners' awareness about zoonotic parasites in
Ambo town, Central Ethiopia. Ethiopian Veterinary Journal, 14(2): 17-30. Available at: https://www.ajol.com

Fotedar R, Stark D, Beebe N, Marriott D, Ellis J, and Harkness J (2007). Laboratory diagnostic techniques for Entamoeba species. Clinical
Microbiology Revision, 20(3): 511-532. DOI: https://www.doi.org/10.1128/CMR.00004-07

Fotedar R, Stark D, Marriott D, Ellis, and Harkness JJ (2008). Entamoeba moshkovskii infections in Sydney, Australia. European Journal of
Clinical Microbiology and Infectious Disease, 27:133-137. DOI: https://www.doi.org/10.1007/s10096-007-0399-9

Garmie V (2016). Prevalence and Intensity of Entamoeba histolytica in Patients Attending Health Centres in Mathare Slums, Nairobi
County, Kenya. Available at: http://Ferepository.uonbi.ac.ke

Gasem M, Dolmans W, Keuter M, and Djokomoeljanto R (2001). Poor food hygiene and housing as risk factors for typhoid fever in
Semarang, Indonesia. Tropical Medicine and International Health, 6: 484-490. DOI: https://www.doi.org/10.1046/j.1365-
3156.2001.00734.x

Gelaw A, Anagaw B, Nigussie B, Silesh B, Yirga A, and Alem M (2013). Prevalence of intestinal parasitic infections and risk factors
among schoolchildren at the University of Gondar Community School, Northwest Ethiopia: A cross-sectional study. BMC Public
Health, 13: 304. DOI: https://www.doi.org/10.1186/1471-2458-13-304

Gillespie S and Bradbury SR (2017). A Survey of Intestinal Parasites of Domestic Dogs in Central Queensland. Tropic Medical Infectious
Disease, 2: 60. DOI: https://www.doi.org/10.3390/tropicalmed2040060

Haji M (2016). Status of Sanitary Practices and Amebiasis and Giardiasis Among Patients Visiting Haik Health Center, South Wollo,
Northeast Ethiopia. Available at: https://www.semanticscholar.org/

Han A and Hlaing T (1989). Prevention of diarrhoea and dysentery by hand washing. Transformative. Research Society Tropic. Medicine
and Hygiene, 83: 128-131. DOI: https://www.doi.org/10.1016/0035-9203(89)90737-2

Idowu OA and Rowland SA (2006). Oral fecal parasites and personal hygiene of food handlers in Abeokuta, Nigeria. African. Health.
Science, 6(3): 160-164. Available at: https://www.pubmed.ncbi.nlm.nih.gov/17140338

Jamaiah | and Rohela M (2005). Prevalence of Intestinal Parasites among Members of the Ppublic in Kuala Lumpur, Malaysia. Southeast
Asian. Journal Tropical Medicine and Public Health, 36: 68-71. Available at: https://www.pubmed.ncbi.nlm.nih.gov/15906644

Jensen B, Kepley W, Guarner J, Anderson K, Anderson D, Clairmont J, De L'aune W, Austin EH, Austin GE (2000). Comparison of
polyvinyl alcohol fixative with three less hazardous fixatives for detection and identification of intestinal parasites. Journal of Clinical
Microbiology, 8(4): 1592-1598. DOI: http://www.doi.org/10.1128/JCM.38.4.1592-1598.2000.

Joyobrato N, Baby S, Jaishree P, and Sankar KG (2018). Diagnosis and epidemiology of amoebiasis in India. Current Science, 114: 2045-
2052. DOI: https://www.doi.org/10.18520/cs/v114/i10/2045-205

Justin K, Alain GDK, and Caréne CZD (2020). The retrospective study of prevalence and associated risk factors of diseases and others
clinical conditions diagnosed in dogs and cats in Douala City, Cameroon. DOI: https://www.doi.org/10.21203/rs.3.rs-43889/v1

Klein SL (2000). Hormones and mating system affect sex and species differences in immune function among vertebrates. Behavioral
Process, 51(1): 149-160. DOI:https://www.doi.org/10.1016/s0149-7634(00)00027-0

Knight S, Toodayan W, Kyi CW, and Barnes WA (1992). Risk factors for the transmission of diarrhoea in children: a case-control study in
rural Malaysia. International Journal of Epidemiology, 21: 812-818. DOI: https://www.doi.org/10.1093/ije/21.4.812

Lorenzini G, Tasca T, and De Carli GA (2007). Prevalence of intestinal parasites in dogs and cats under Veterinary care in Porto Ategre, Rio
Grande do Sul, Brazil. Brazilian Journal of Veterinary Research and Animal. Science, 44: 137-145. DOI:
https://www.doi.org/10.11606/issn.1678-4456.bjvras.2007.26652

Mahmud MA, Belal SH, and Uddin FM (2014) .Prevalence of protozoan diseases in pet dogs at district veterinary hospital, Sirajganj,
Bangladesh. Bangladesh Journal of Veterinary Medicine, 12(2): 191-196. DOI: https://doi.org/10.3329/bjvm.v12i2.21290

Mahmud MA, Bezabih AM, and Gebru RB (2014). Risk factors for intestinal parasitosis among antiretroviral treated HIV/AIDS patients in
Ethiopia. International Journal of STD AIDS, 25: 778-784. DOI:https://www.doi.org/10.1177/0956462414520803

Matthys B, Bobieva M, Karimova G, Mengliboeva Z, Jean-Richard V, Hoimnazarova M, Kurbonova M, Lohourignon LK, Utzinger J, and
Wyss K (2011). Prevalence and risk factors of helminths and intestinal protozoa infections among children from primary schools in
western Tajikistan. Parasites Vectors, 4: 195-208. DOI: https://www.doi.org/10.1186/1756-3305-4-195

Mekibib B and Sheferaw D (2018). Enteric protozoa of dogs: prevalence, associated risk factors and owners’ awareness in and around
Hawassa town, Ethiopia. Ethiopian Veterinary Journal, 22 (1): 59-73. DOI: https://www.dx.doi.org/10.4314/evj.v22i1.5

Naelah ~ AA, Mohammed AKM, Rohela M, and Yvonne LAL (2011). Factors associated with  high
prevalence of intestinal protozoa infections among patients in Sana’a City, Yemen. PLoS One, 6(7): e22044. DOI:
https://www.doi.org/10.1371 /journal.pone.0022044

Nath J, Banyal N, Gautam D, Ghosh S S, Singha KB, and Paul J(2015). Systematic detection and association of Entamoeba species in
stool samples from selected sites in India. Epidemiology Infectious, 143: 108-119. DOl:
https://www.doi.org/10.1017/S0950268814000715

Ngui R L, Angal SA, Fakhrurrazi YL, Lian LA, Ling Y, Ibrahim J, and Mahmud R (2012). Differentiating Entamoeba histolytica,
Entamoeba dispar and Entamoeba moshkovskii using nested polymerase chain reaction (PCR) in rural communities in Malaysia.
Parasites and Vectors, 5: 187. DOI:https://www.doi.org/10.1186/1756-3305-5-187

Ogzumus OB and Efe U (2007). Distribution of intestinal parasites detected in Camlihemsin healthcare center during the period from July
2005 to January 2007. Turkish Society for Parasitology, 31: 142-144. Available at:
https://cms.galenos.com.tr/Uploads/Article_22828/TPD-31-142.pdf

Ohnishi K and Murata M (1997). Present characteristics of symptomatic amebiasis due to Entamoeba histolytica in the east-southeast area
of Tokyo. Epidemiology Infectious, 119: 363-367. DOI: https://www.doi.org/10.1017/s0950268897008236

212
LCEAICRUINYeETIIH Jilo SA, Kadir MA, Hussein JA, and Nair SP (2022). The Transmission Pattern of Amoebiasis in Bale Zone, South East Ethiopia. World Vet. J., 12 (2):
203-213. DOI: https://dx.doi.org/10.54203/scil.2022.wvj26


https://www.ajol.com/
https://www.doi.org/10.1128/CMR.00004-07
https://www.doi.org/10.1007/s10096-007-0399-9
https://www.doi.org/10.1046/j.1365-3156.2001.00734.x
https://www.doi.org/10.1046/j.1365-3156.2001.00734.x
https://www.doi.org/10.1186/1471-2458-13-304
https://www.doi.org/10.3390/tropicalmed2040060
https://www.semanticscholar.org/
https://www.doi.org/10.1016/0035-9203(89)90737-2
https://www.pubmed.ncbi.nlm.nih.gov/17140338
https://www.pubmed.ncbi.nlm.nih.gov/15906644
http://www.doi.org/10.1128/JCM.38.4.1592-1598.2000
https://www.doi.org/10.18520/cs/v114/i10/2045-205
https://www.doi.org/10.21203/rs.3.rs-43889/v1
https://www.doi.org/10.1016/s0149-7634(00)00027-0
https://www.doi.org/10.1093/ije/21.4.812
https://www.doi.org/10.11606/issn.1678-4456.bjvras.2007.26652
https://doi.org/10.3329/bjvm.v12i2.21290
https://www.doi.org/10.1177/0956462414520803
https://www.doi.org/10.1186/1756-3305-4-195
https://www.dx.doi.org/10.4314/evj.v22i1.5
https://www.doi.org/10.1371%20/journal.pone.0022044
https://www.doi.org/10.1017/S0950268814000715
https://www.doi.org/10.1186/1756-3305-5-187
https://cms.galenos.com.tr/Uploads/Article_22828/TPD-31-142.pdf
https://www.doi.org/10.1017/s0950268897008236

Ozyurt M, Kurt O, Yaman O, Ardic N and Haznedaroglu T (2007). Evaluation of intestinal parasites in a period of four years in the
coprology laboratory of a training hospital.  Turkiye Parazitoloji  Dergisi, 31: 306-308. Available at:
https://www.pubmed.ncbi.nlm.nih.gov/18224623

Pham Duc P, Nguyen-Viet H, Hattendorf J, Zinsstag J and Dan Cam P (2011). Risk factors for Entamoeba histolytica infection in an
agricultural community in Hanam province, Vietnam. Parasites Vectors, 4: 102. DOI: https://www.doi.org/10.1186/1756-3305-4-102

Prakash V and Bhimji SS (2022). Amebic Liver. Stat Pearls Publishing, 2017. Available at: https://www.ncbi.nlm.nih.gov/books/NBK4.
Accessed on 22/3/2022

Regan CS, Magsud LY, and Hany ME (2014). Prevalence of Entamoeba species in captive primates in zoological gardens in the UK. Peer
Journal, 2: 2-12. DOI: https://www.doi.org/10.7717/peerj.492

Ritchie LS (1948). An ether sedimentation technique for routine stool examination. Bulletin of the United States Army Medical Department,
8(4): 326. Available at: https://www.cabdirect.org/cabdirect/abstract/19480801031

Rinne S, Rodas EJ, Galer-Unti R, Glickman N, and Glickman LT (2005). Prevalence and risk factors for protozoan and nematode infections
among children in an Ecuadorian highland community. Trans. Research Society Tropical Medicine and Hygiene, 99: 585-592. DOI:
https://www.doi.org/10.1016/j.trstmh.2005.01.003

Robert MN, Peninah AA, EphantusWK, Benson O, and Nyanchongi (2008). The risk of Pathogenic Intestinal Helminthiasis in Kisii
Municipality Kenya. BMC Public Health, 14(8): 237. DOI: https://www.doi.org/10.1186/1471-2458-8-237

Rugaia MA, ESalem SA, A Gahgah, Aisha SH, Ali A, and Samah RAI (2020). Prevalence and risk factors associated with Entamoeba
histolytica infection among children in Sebha, Libya. Available at: https://www.dmrjournal.org

Sadaga GA and HH Kassem (2007). Prevalence of intestinal parasites among primary schoolchildren in Derna District, Libya. Journal of
Egyptian Society Parasitology, 37: 205-214. Available at: https://www.pubmed.ncbi.nlm.nih.gov/17580578

Sager H, Steiner MC, Multer N, Staubli D, Esposito M, Schares G, Hassig M, Stark K, and Gottsterin B (2006). Incidence of Neospora
caninum and other intestinal protozoan parasites in populations of Swiss dogs. Veterinary Parasitology, 139: 84-92. DOI:
https://www.doi.org/10.1016/j.vetpar

Segovia G, Cristina N, Chavez MB, Medina FY, Cazares RF, Elena HR, Vonica I, Martinez PA, and Talamas RP (2010). Entamoeba
Invadens, encystation process and enolase. Experimental Parasitology, 125(2): 63-69. DOI: https://www.doi.org/10.1016/j.exppara

Shahrul AT, Al-Mekhlafi MH, Abdul Ghani MK, Osman E, Mohd Yasin A, Nordin A Azreen SN, Md Salleh F, Ghazali N, Bernadus M, et
al. (2012). Prevalence and risk factors associated with E. histolytica/dispar/moshkovskii infection among three Orang Asli ethnic
groups in Malaysia. PL0S One, 7: e48165. DOI: https://www.doi.org/10.1371/journal.pone.0048165

Sharma BK, Rai SK, Rai DR, and DR Choudhury (2004). Prevalence of intestinal parasitic infestation in schoolchildren in the northeastern
part of Kathmandu Valley, Nepal. Southeast Asian Journal of Tropical Medicine and Public Health, 35: 501-505. Available at:
https://www.pubmed.ncbi.nlm.nih.gov/15689056

Simona P, Ch Gorrini, G Piccolo, A Calderaro, and G Dettori (2006). Prevalence of intestinal parasites in the area of Parma during the year
2005. Acta Biomedicine, 77: 147-151. Available at: https://www.pubmed.ncbi.nIm.nih.gov/17312984

Sintu S, Soumyendu M, TK Maitil, Pramit G, and KG Sudip (2011). A Community Based Epidemiological Study on Intestinal Amoebiasis
in Rural West Bengal, Ind. Asian Journal of Medicine Science, 2: 164-168. DOI: https://www.doi.org/10.3126/ajms.v2i3.4375

Solaymani M S, Rezaian M, Babaei Z, Rajabpour A, and Meamar AR Pourbabai AA, and Petri Jr WA (2006). Comparison of a stool
antigen detection kit and PCR for diagnosis of Entamoeba histolytica and Entamoeba dispar infections in asymptomatic cyst passers in
Iran. Journal of Clinical Microbiology, 44: 2258-2261. DOI: https://www.doi.org/10.1128/JCM.00530-06

Soulshy EJL(2006). Helminths. Arthropods and protozoa of domesticated animals.Bailliere Tindall., London, pp. 276-284. Available at:
https://www.cabi.org/isc/abstract/19840510866

Tanyuksel M. and Petri WA Jr (2003). Laboratory diagnosis of Amoebiasis. Clinical Microbiology Revision, 16(4): 713-729. DOI:
https://www.doi.org/10.1128/CMR.16.4.713-729.2003

Tanyuksel M, Ulukanligil M, Guclu Z, Araz E, Koru O, and Petri Jr WA (2007). Two cases of rarely recognized infection with Entamoeba
moshkovskii. ~ American  Journal of  Tropical Medicine  and Hygiene, 76: 723-724.  Available  at:
https://www.pubmed.ncbi.nlm.nih.gov/17426178

Teklehaymanot T (2009). Intestinal parasitosis among Kara and Kwego semi pastoralist Tribes in lower Omo valley, Southwestern Ethiopia.
Ethiopian Journal of Health Development, 23: 57-62. DOI: https://www.doi.org/10.4314/EJHD.V23I1.44838

Thrusfield M (2005). Veterinary Epidemiology. Sampling method. Blackwell Science Ltd., lowa, pp. 628. Available at:
https://www.scirp.org/(S(czeh2tfgyw20rz553k1w0r45)

Verkerke HP, Petri WA Jr, and CS Marie (2012). The dynamic interdependence of amebiasis, innate immunity, and under nutrition.
Seminar Immunopathology, 34(6): 771-785. Available at: https://www.ncbi.nlm.nih.gov/3510265

Wo' rdemann M, Polman K, Heredia L, Diaz R, Madurga A, Ferna'ndez F, Prado R, Espinosa A, Duran L, Gorbea M, et al. (2006).
Prevalence of intestinal parasite infections and their risk factors in Cuba children. Tropical Medicine of International Health, 11: 1813-
1820. DOI: https://www.doi.org/10.1111/j.1365.2006.01745.x.

Xiao L, Alderisio KA, and Jiang J (2004). Detection and differentiation of cysts in water by PCR-RFLP. Methods. Molecular Biology, 268:
163-176. Applied and Environmental Microbiology. DOI: https://www.doi.org/10.1128/AEM.00927-06

Ximénez C, Cerritos R, and Rojas L (2010). Human amebiasis: breaking the paradigm? International Journal of Environment and Research
and Public Health, 7(3): 1105-1120. DOI: https://www.doi.org/10.1016/j. meegid.2009.06.008.

Zhang H, Ehrenkaufer GM, Hall N, and Singh U (2013). Small RNA pyrosequencing in the protozoan parasite Entamoeba histolytica
reveals strain-specific small RNAs that target virulence genes. BMC Genomics, 14: 53. DOI: https://www.doi.org/10.1186/1471-2164-
14-53

213
LCEAICRUINYeETIIH Jilo SA, Kadir MA, Hussein JA, and Nair SP (2022). The Transmission Pattern of Amoebiasis in Bale Zone, South East Ethiopia. World Vet. J., 12 (2):
203-213. DOI: https://dx.doi.org/10.54203/scil.2022.wvj26


https://www.pubmed.ncbi.nlm.nih.gov/18224623
https://www.doi.org/10.1186/1756-3305-4-102
https://www.ncbi.nlm.nih.gov/books/NBK4.%20Accessed%20on%2022/3/2022
https://www.ncbi.nlm.nih.gov/books/NBK4.%20Accessed%20on%2022/3/2022
https://www.doi.org/10.7717/peerj.492
https://www.cabdirect.org/cabdirect/abstract/19480801031
https://www.doi.org/10.1016/j.trstmh.2005.01.003
https://www.doi.org/10.1186/1471-2458-8-237
https://www.dmrjournal.org/
https://www.pubmed.ncbi.nlm.nih.gov/17580578
https://www.doi.org/10.1016/j.vetpar
https://www.doi.org/10.1016/j.exppara
https://www.doi.org/10.1371/journal.pone.0048165
https://www.pubmed.ncbi.nlm.nih.gov/15689056
https://www.pubmed.ncbi.nlm.nih.gov/17312984
https://www.doi.org/10.3126/ajms.v2i3.4375
https://www.doi.org/10.1128/JCM.00530-06
https://www.cabi.org/isc/abstract/19840510866
https://www.doi.org/10.1128/CMR.16.4.713-729.2003
https://www.pubmed.ncbi.nlm.nih.gov/17426178
https://www.doi.org/10.4314/EJHD.V23l1.44838
https://www.ncbi.nlm.nih.gov/3510265
https://www.doi.org/10.1111/j.1365.2006.01745.x
https://www.doi.org/10.1128/AEM.00927-06
https://www.doi.org/10.1016/j.%20meegid.2009.06.008
https://www.doi.org/10.1186/1471-2164-14-53
https://www.doi.org/10.1186/1471-2164-14-53

2021, Scienceline Publication
World™ Veterinary Journal

5l

World Vet J, 12(2): 214-220, June 25, 2022 ISSN 2322-4568

DOI: https://dx.doi.org/10.54203/scil.2022.wvj27

Diagnosis and Control of Peste des Petits Ruminants Disease in
Small Ruminants: A Review

Mohamed A. Mahmoud'”’, Alaa A. Ghazy''", and Raafat M. Shaapan®*

Parasitology and Animal Diseases Department, Veterinary Research Division, National Research Centre, 33 El-Bohouth St., Dokki, Giza, P.O.
12622, Egypt
Department of Zoonotic Diseases, Veterinary Research Division, National Research Centre, 33 El-Bohouth St., Dokki, Giza, P.O. 12622, Egypt

*Corresponding author's Email: rmshaapan2005@yahoo.com

ABSTRACT

Peste des Petits Ruminants (PPR) is an acute highly contagious febrile disease of sheep and goats characterized by
erosive and necrotizing stomatitis and associated with severe pneumo-enteritis and bronchopneumonia ended by
recovery or death. The aim of the present study was to throw light on the diagnosis and control of PPR. Diagnosis of
PPR depends on clinical signs, pathological lesions, and specific detection of the viral antigen, viral genome, or
specific antibodies by serological tests and nucleic acid-based assays. The most commonly used diagnostic
techniques are cell culture isolation, agar gel immunodiffusion, hemagglutination tests, immunocapture ELISA, and
competitive ELISA. In addition to the abovementioned techniques, virus neutralization tests and reverse
transcriptase PCR are used. Peste des Petits Ruminants is characterized by high fever associated with watery nasal
and ocular discharges, mucopurulent stomatitis, and broncho-pneumonia. Moreover, severe bloody diarrhea and the
disease associated with high levels of mortality reached up to 90%. The diagnosis of viral diseases is important in
determining the control strategies. Therefore, it can be concluded that recent diagnostic tools are urgently needed not
only for the diagnosis but also for following-up combating programs and control of viral diseases. Early and rapid
complete identification of infectious viral agents in small ruminants as well as in the surrounding environment is
recommended for effective control of PPR. The control program depends mainly on vaccination, hygiene and
sanitation measures, and effective quarantine measures.

Keywords: Control, Dairy Ruminants, Diagnosis, Goat, Peste des Petits, Sheep
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INTRODUCTION

Sheep and goats are susceptible to infection by many viruses. Viral diseases affect the productivity of both species and
sometimes induce severe losses which appear in the form of high mortalities in the newborns, low growth rates, loss in
body gain in adult animals in addition to early embryonic deaths, newborn mortalities, abortions, abnormal weak lambs
and persistently infected animals (Onono et al., 2013). The clinical signs of viral diseases differ according to the type of
the disease. Peste des Petits Ruminants (PPR) is an acute highly contagious febrile disease of sheep and goats
characterized by erosive and necrotizing stomatitis and associated with severe pneumo-enteritis and bronchopneumonia
ended by recovery or death (Ismail et al., 1995). The PPR is reported in most African countries, south of the Sahara and
north of the equator, and in nearly all Middle Eastern countries and South-West Asia (OIE and FAO, 2015). The PPR
virus (PPRV) is related to the family Paramyxoviridae that consists of two subfamilies, Paramyxovirinae and
Pneumovirinae. Large, negative-strand RNA viruses characterize this family. The two subfamilies include several
genera with important human and veterinary pathogens that cause diseases, such as canine distemper and rinderpest
(RP). Although PPRV is famous as one serotype, the partial sequencing of the fusion protein (F) gene reveals the
existence of 4 lines (I, 11, I1l, and 1V) (Banyard et al., 2010; Kardjadj et al., 2015). Commonly, the first two lineages II
and | are existing in West Africa, while lineage Il is present in East Africa and the Middle East, and lineage 1V is
present in Asia (Wasim et al., 2015). The first case of PPR in Egypt was recorded in 1988 by lkram et al. (1988) in goats
located in Giza Governorate. The disease is responsible for high rates of morbidity and mortality, leading to severe
economic losses (El-Allawy et al., 1993). The disease is considered endemic in Egypt and has a seasonal occurrence in
winter in most of the country (Fayed et al., 1994). Mouaz et al. (1995) reported an outbreak of PPR affecting sheep in
1994 in Giza province. The isolated virus was designated as Giza-94 after confirmation by ELISA and VNT (Abd El-
Rahim et al., 2010). A recent study applied competitive ELISA on sheep and goat samples in two Egyptian governorates
and recorded the prevalence of PPR antibodies. Giza governorate showed positivity of 63.8% in sheep and 45.7% in
goats. Moreover, 71.7% of sheep and 45% of goats in the Beni-Suef governorate were positive (Mahmoud et al., 2017).
Diagnosis of PPR depends on clinical signs, epidemiology, pathological lesions, and specific detection of the viral
antigen, viral genome, or the specific antibodies in the tested samples by different serological tests and nucleic acid-
based assays (Balamurugan et al., 2014; Kinimi et al., 2020). The most commonly used diagnostic techniques are culture
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isolation, agar gel immunodiffusion (AGID), hemagglutination assay (HA), immunocapture enzyme-linked
immunosorbent assay (IC-ELISA), and competitive ELISA. In addition to the previously mentioned techniques, virus
neutralization test (VNT) and reverse transcriptase polymerase chain reaction (RT-PCR) are used (Forsyth and Barrett
1995; Anderson et al., 2006). Infectious viral diseases in small ruminants such as PPR are difficult to control because of
the insufficient data of the epidemiology, diagnosis and different control strategies in the herds where the problems are
occurring. Infectious viral diseases of small ruminants hinder the expected benefits from these animals (Mahmoud et al.,
2017). The diagnosis of viral diseases is important in determining of the control strategies. Therefore, the aim of this
study was to throw light on the diagnosis and control of PPR in sheep and goats.

DIAGNOSIS OF PESTE DES PETITS RUMINANTS DISEASE

Sheep and goat susceptibility

The disease attacks primarily goats and sheep. Goats are more liable than sheep and show heavy losses. Goat
breeds have different susceptibilities to PPR. Guinean breeds show more susceptibility than Sahelian breeds. The
European breeds are readily susceptible. The age of the animal has also a significant effect, where lambs are highly
susceptible than adults or unweaned young animals (Kardjadj et al., 2015). Sheep or goats aged 3—4 months are more
susceptible to PPRV infection due to the diminishing the maternal antibodies (Burezq et al., 2020).

Clinical signs

The disease is characterized by a high fever reach to 40°C, associated with watery nasal and ocular discharges
which later change to mucopurulent, stomatitis, and bronchopneumonia (Balamurugan et al., 2014). Moreover, severe
diarrhea with an offensive odor has also been reported which may be bloody and often lead to death (Farougou and
Gagara, 2013). This disease is characterized by high levels of morbidity and mortality up to 90% (Kwiatek et al., 2011).
Recent researchers recorded deviations in the distribution and the varieties of clinical signs of the disease, represented in
the emergence of PPRYV lineage 1V in northeastern and northern Africa (Albina et al., 2013; Kardjadj, 2018).

Post-mortem findings

The post-mortem findings include intensive red areas and congestion in the lungs with pneumonic changes. Large
intestines and colon show hemorrhages (Zebra markings). Besides, enlargement of the spleen and lymph nodes in
association with abomasal erosion has been reported by Abubakar et al. (2011) and Abubakar et al. (2015).

Differential diagnosis

Differential diagnosis must be applied to differentiate the other diseases that can be misdiagnosed with PPR and
these include; signs of lameness differentiate Foot and Mouth Disease (FMD), there is no diarrhea in bluetongue disease,
pock lesions differentiate capripox viruses, and necrotic stomatitis is not found in contagious ecthyma. Pheumonic
pasteurellosis and caprine pleuropneumonia are characterized by respiratory illness alone. Although some PPR-infected
cases do not show all the clinical signs, so differential diagnoses in these cases cannot be applied. As a result, laboratory
confirmation of PPR is recommended for the definitive diagnosis (Radostits et al., 2006).

Virus identification

Virus isolation

Virus isolation represents the gold standard method for the diagnosis of PPR. Different types of cell cultures like
Vero cells (African green monkey kidney cells) were used for PPRV isolation (Durojaiye, 1987). The characteristic
specific cytopathic effect is in the form of cell rounding followed by grape-like formation, vacuolation, cytoplasmic
granulation, and syncytia formation that appears after 3-5 days of infection. Virus isolation is not applicable in routine
diagnostic assays as it is slow and needs special facilities and lacks the same sensitivity as RT-PCR (Santhamani et al.,
2016).

Agar gel immunodiffusion

The comparative efficiency of competitive ELISA and the standard AGID for the diagnosis of PPR was inspected
and the results showed that competitive ELISA has high sensitivity and specificity than AGID and could be used as a
standard test, especially for the testing of the improperly kept samples. Some common serological tests like AGID and
indirect ELISA were effective in the past for the primary diagnosis of PPR but there is a cross-reaction between PPR and
RP bodies (Santhamani et al., 2016).

Sandwich ELISA
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Sandwich ELISA (s-ELISA) is highly sensitive (99.8%) and specific (90.5%), and it is used for the detection of
PPRV in the nasal and ocular secretions of infected sheep with PPR PCR (Mahajan et al., 2013; Santhamani et al., 2016;
Mahmoud and Galbat, 2017).

Nucleic acid recognition methods

Most of the serological tests are slow, labor exhaustive, and of low sensitivity. Therefore, they are of low value in
the primary diagnosis, but of high value in confirmatory steps and in epidemiological studies. Real-time RT-PCR and
loop-mediated isothermal amplification (LAMP) assays are used for their quickness and high sensitivity in the detection
of PPRV RNA from clinical samples to overcome the problems associated with the serological tests (Santhamani et al.,
2016).

Multiplex PCR

The conventional RT-PCR is laborious and unaffordable for routine clinical diagnosis in poorly financed
laboratories, especially in large sample numbers. Moreover, this technique is sensitive to cross-contamination during
sample collection and processing which may lead to false positives (Santhamani et al., 2016). False negatives may occur
due to unexpected alteration in the primer binding sites, destruction of the RNA, in addition to the existence of PCR
inhibitors in the samples. To overcome the false negatives results, multiplex PCR must be applied in the presence of
multiple primer pairs to amplify not only different but also specific regions of genes. There are two types of multiplex
RT-PCRs. Two-step and single-step procedures are directed to the N and M genes to differentiate PPRV from the
rinderpest virus (Balamurugan et al., 2006). The multiplex RT-PCR has higher sensitivity for PPR diagnosis than s-
ELISA. Cross-contamination is reduced in single-step assays as the same micro-tube was used for the two reverse
transcriptions. Lately, all the respiratory diseases of sheep and goats could be diagnosed by a single-step multiplex RT-
gPCR including PPRV, Capripoxvirus, Pasteurella multocida, and Mycoplasma capricolum subsp. capripneumoniae
(Settypalli et al., 2016).

Loop-mediated isothermal amplification

The LAMP applied for PPR diagnosis has a higher sensitivity than RT-PCR. The one-step LAMP technique is
applicable for the diagnosis of PPR and reduces the possibility of sample contamination and will be a hopeful tool in
low-financed laboratories (Venkatesan et al., 2015).

Serological diagnosis

Virus neutralization test

VNT is the prescribed test for international trade. It was applied as a confirmatory test for the differentiation
between RP and PPR, and for PPRV antibodies detection in serum samples (Santhamani et al., 2016). Although PPRV is
antigenically related to the RP virus, PPRV could be differentiated serologically from it (Munir, 2014).

Competitive ELISA

Competitive ELISA showed a high specificity (99.85%) and sensitivity (91.5 %) in the detection of PPRV
antibodies in tested sera when compared with VNT (Abubakar et al., 2015; Mahmoud and Galbat, 2017). The market
contains patent Kits that have a high indicative sensitivity and specificity (92.2 % and 98.4 %, respectively) (Santhamani
etal., 2016).

Hemagglutination assay

HA has a higher sensitivity than AGID in the diagnosis of PPR (Abubakar et al., 2011). This result agrees with the
obtained results by Nussieba et al. (2008). Furthermore, the HA test is a rapid, simple, inexpensive, and reliable
confirmatory test for the diagnosis of PPRV (OIE and FAO, 2015). Table 1 illustrates tests commonly used in the
diagnosis of PPR.

Table 1. The different diagnostic tests commonly used in the diagnosis of Peste des Petits Ruminants (OIE and FAQO,
2015)

Diagnostic Detection I . Relative sensitivity/
tests/tools target Application Advantages Disadvantages detection limit
Useful for virus S .
. ) Live virus, cell culture More sensitive
M . : Gold standard repository, primary e . -
Virus isolation Virus test sten for Virus facilities required, less than sandwich
p Tor virus sensitive than RT-PCR ~ ELISA
characterization
1.9
IIETrInSthnlocapture _ D!agnosis, User-fr_iendly test_, Less sensitive than 10 TCID /mL
sandwich ELISA N protein clinical Preliminary vaccine RT-PCR and RT-PCR- 50
surveillance quality control ELISA 500 TCID_/mL
M and N . . . Less sensitive than 82 % compared to
Dot-ELISA protein Diagnosis Easy and quick sandwich ELISA sandwich ELISA
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One-step M and N Sensitive test, May not be
multiplex enes Diagnosis potential for economical for 100 pg of RNA
RT-PCR g Routine diagnosis routine diagnosis

CONTROL OF PESTE DES PETITS RUMINANTS DISEASE

Prevention and control

The PPR is an important animal disease and its control reflects the economic status of Africa and Southern Asia.
Vaccination is the main way to avoid PPR infection. African countries, including West Africa, have succeeded in the
control of PPR by the use of the vaccine. As the PPR and RP are antigenically similar, so a live attenuated vaccine
prepared from RP was used in the vaccination of goats against PPR and this led to one year of protection (Singh and
Bandyopadhyay, 2015). Therefore, different parts of the world controlled PPR by using the tissue culture RP (TCRP)
vaccine. This TCRP vaccine is used to protect small ruminants against PPR. Later on, the use of the TCRP vaccine was
stopped worldwide to eradicate the RP (OIE and FAO, 2015). The current attenuated vaccines are heat-sensitive, so
continuous uninterrupted maintenance of the cold chain until an application to the animal is recommended. Other
currently commercially available vaccines are present in freeze-dried form. They are stable for at least two years at 2-
8°C and for several years at —20 °C. After reconstitution of the vaccine, it must be utilized within 30 minutes (OIE and
FAO, 2015).

The proper control of PPR depends on the solid support of the diagnostic methods and the proper vaccination
program. The accessibility of live attenuated tissue culture vaccines and many diagnostic techniques/kits for the
diagnosis of PPR facilitate the establishment of a good control program. For controlling the disease in a free area, a
stamping out policy is applied, but in a country, like Egypt, this policy is not economic, so PPR control depends
primarily on the fast and exact diagnosis or surveillance/monitoring and application of rapid vaccination program
(Soltan and Abd-Eldaim, 2014). All the needed elements for a good control program are available in Egypt like an
effective vaccine, availability of the diagnostic kits, sero-surveillance, and good infrastructures. Management decisions
and control strategies need the development of rapid and accurate diagnostic tools. Immunoenzymatic assays are
advantageous because they are cheap, reliable, and quick to perform. Thus, ELISA may be a useful tool in large-scale
screening and eradication programs giving insight into the local viral infection status (Ghazy et al., 2007).

Vaccines for peste des petits ruminants

Tissue culture live attenuated vaccine

Tissue culture vaccine was the first produced vaccine for the protection against PPR. It developed from live
attenuated Nigerian strain PPRV Nig. 75/1 that has been cultured for 63 passages onto Vero cells. It provokes long-
standing immunity for up to 3 years (Diallo et al., 1989; Diallo et al., 2007). Under field conditions, the vaccine was safe
for sheep and goats and gave immunity to 98% of the immunized animals even pregnant ones (Diallo et al., 1989).
However, the major disadvantage of this type of vaccine is the thermo-liability and inability to distinguish between the
vaccinated and naturally infected animals (Venkataramanan et al., 2005). Newborns of vaccinated dams should
vaccinate at the age of 4-6 months. Meanwhile, newborns of non-vaccinated dams should vaccinate at the age of two
months. The booster dose is recommended after one year.

Recombinant vaccines

The bases of this type of vaccine depend on the insertion of one or both of the F and H glycoproteins producing
genes extracted from PPRV RNA into Capripoxvirus. The resulting combined vaccine induces protection against PPR
and capripox (Berhe et al., 2003). The use of such a vaccine is valuable in regions indicating mixed infection with PPR
and sheep or goat pox. Again, the major disadvantage of this type of vaccine is the inability to distinguish between the
vaccinated and naturally infected animals (Venkataramanan et al., 2005).

Marker vaccine

In this type of vaccine, a modified live attenuated virus vaccine was developed (Singh et al., 2015). RP vaccine
virus genome can be used as the main template for the vaccine besides the replacement of the M, F, and H genes of
PPRV. The subsequently produced vaccine is a harmless and active vaccine to protect animals against virulent
challenges with PPRV (Mahapatra et al., 2006). In addition, EHV-1 vaccine marker development would help the
differentiation between the wild-type virus infection and the mutant virus immunization (Ata et al., 2018).

Vaccines for peste des petits ruminants in Egypt
The vaccination program in Egypt is annual and applied before the season of the disease occurrence, which is
usually in September. The Veterinary Serum and Vaccine Research Institute, Cairo, Egypt produces the used vaccine. It
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is a tissue culture attenuated PPR vaccine. It is a free obligatory vaccine for small ruminants. It is applied around the foci
of infection (ring vaccination) and as an obligator in case of epidemics. The Center of Food Security and Public Health
(CFSPH, 2015) discusses the important vaccines used for PPR as shown in Table 2.

Table 2. The commercially available vaccines for Peste des petits ruminants in Egypt

Producer Product name Type Strain Adjuvant Licensed countries

Veterinary Serum Peste Des Petits

and Vaccine Ruminants Vaccine  Live Nigeria 75/1 Not Available Egypt
Research Institute (PPR-N75/1)

LYOPOX PPR Romanian

h tP . L
, (Sheep & Go? % Live (Pox) Nigeria None Egypt and other
M.C.I. Santé Peste des Petits
) . 75 (PPR)

Animale Ruminants)

OVIVAX PPR Live Nigeria 75/1 None Egypt and other
Jordan Bio-
Industries Center Pestevac Live Nigeria 75/1 Non Egypt and other
(JOVAC)

Source: The Center of Food Security and Public Health (2015)

Treatment

Peste des petits ruminants like all other viral diseases have no specific treatment. However, affected animals should
receive antibiotics (long-acting oxytetracycline, chlortetracycline) to combat secondary bacterial infections, and
antidiarrheal drugs with supportive therapy for 5-7 days. The symptomatic treatment reduces the severity of the disease
and diminishes the economic losses (OIE and FAO, 2015). Moreover, dietary supplementation with natural antioxidants
such as Nigella sativa, black cumin seeds, or multi-nutrient antioxidants provides potent immune cell function and has
an antibacterial effect against secondary bacterial infections (Abou-Zeina et al., 2013).

CONCLUSION

Sheep and goats represent the essential source of meat and wool production in some countries. Sheep and goat
husbandry economically depend on growing these animals in large numbers in a small area (intensive breeding). Several
sheep and goat diseases that hinder the intensification of animal husbandry create complex animal health and production
problems. Many conventional and modern techniques are used for the diagnosis of PPR. Numerous conventional
techniques include isolation on cell culture, serological tests, and immunohistochemical assays usually used in the
identification of viral pathogens. However, modern molecular diagnostic techniques are more valuable, more sensitive,
fast, and high confident results. Novel methodology such as PCR, DNA probe, and nucleic acid sequencing deliver a
detailed understanding of the exact diagnosis and discrimination of the present and emerging diseases. Modern
diagnostic tools are urgently needed not only for diagnosis but also for monitoring and controlling viral disease
programs. The control program relies mainly on hygiene, vaccination, sanitation, and effective quarantine measures.
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ABSTRACT >332 X

o O m
In the last decades, the increase of antimicrobial resistance bacteria has become a concern for public health. Bats’ S e S
ability to fly, form colonies for a long lifespan, and inhabit a variety of diverse ecological niches make them S8 Im
successful species in terms of adaptation and distribution on earth. Moreover, these characteristics let them act as the 25 =
potential natural reservoir of numerous zoonotic pathogens (bacteria, viruses, fungi). Bat bacteriome knowledge is § 11:? ;:‘S
still very scarce, but a few studies have indicated that bats are hosts of antimicrobial resistance and play an important NS = =
role in the dispersion of resistance in the environment. Moreover, bats are vulnerable to acquiring these pathogens § 2 O
since they sometimes live in close contact with humans and domestic animals. Therefore, the present study aimed to "~ rll_'l

compile the latest studies that describe the presence of antibiotic-resistant in bats. Based on the papers analyzed for
this review, it is possible to conclude that bats are hosts of pathogenic bacteria that carry numerous antibiotic
resistance. Extended-spectrum b-lactamases (ESBLs) or Methicillin-resistant Staphylococcus which nowadays days
are a great public health concern, have already been reported in these animals, with some isolated strains being of
Human origin. Although not completely understood regarding the dynamics and transmission routes, bats seem to
have an important role in the dissemination and acquisition of antibiotic resistance in the environment. They can be
contaminated by bacteria with antibiotic resistance and disperse through the environment. However, they also can be
the host of bacteria that carry antibiotic resistance.

Keywords: Antibiotic-Resistant, Bacteria, Bat, Chiropters, Zoonoses

INTRODUCTION

Bats are mammals that belong to the order Chiroptera, which is classified into two suborders, including Megachiroptera
and Microchiroptera (Fenton and Simmons, 2015; Wilson and Mittermeier, 2019). They are an incredibly diverse group
of mammals with the ability to fly and cover long distances during seasonal migrations. Most of the species are nocturnal
and prefer to roost in large colonial populations on caves, trees, or human constructions. Some species hibernate during
the winter (Neuweiler, 2000; Kunz and Fenton, 2006) and are characterized by using echolocation to capture their prey
(Kunz and Fenton, 2006).

This order corresponds to nearly 20% of all classified mammal species worldwide, with over 1400 species
reported. Bats are present on almost every continent, except for extremely cold regions, such as Antarctica or the Arctic
continent. Their diet is very diverse, depending on the specie can include insects, fruit, nectar and blood or other animals
(Neuweiler, 2000; Kunz and Fenton, 2006; Wilson and Mittermeier, 2019). Chiropterans provide humans and
ecosystems with various benefits, being essential to the ecosystem’s health and economics. Plant pollination, control of
insect populations, utilization as fertilizer, rural tourism, and the food source as bushmeat, (Neuweiler, 2000; Kunz and
Fenton, 2006; Wilson and Mittermeier, 2019) are some of the services provided by bats.

Antimicrobial resistance (AMR) is a global concern that affects humans, domestic animals, and wildlife. The report
of AMR in wildlife has been increasing in the last years, showing their potential role as reservoirs and in the
transmission of these pathogens to humans, domestic animals and the environment (Nguema et al., 2020). This subject
has been studied under a multidisciplinary and collaborative “One Health” approach, addressing interactions between
humans-domestic and non-domestic animals-environment to understand and prevent the dispersion of AMR (Calisher et
al., 2006; Muhldorfer, 2013). There is not enough understanding regarding the dynamics and transmission routes among
bats and humans (McDougall et al., 2021a).

The ability to fly, form colonies, long lifespan and capability to inhabit a variety of diverse ecological niches make
bats one of the most successful species on earth (Neuweiler, 2000) but also made them a potential natural reservoir of
numerous zoonotic pathogens (bacteria, viruses, fungi, Mihldorfer, 2013). They have been considered a reservoir of
many viruses that occasionally spread into human populations and cause disease outbreaks, such as SARS-CoV-2
(Garcés et al., 2020). The AMR has already been reported in several species of bats. Unfortunately, still little is known
regarding bat microbiota and the dynamics of transmission and acquisition of AMR (Calisher et al., 2006; Adesiyun et
al., 2009; Nguema et al., 2020). The present study review compiles the latest studies that describe the presence of AMR
in bats.
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WEB-BASED LITERATURE SEARCH

To produce this review, we conducted a literature search through the main web search for peer reviews of scientific
articles (e.g. original research, case reports, letters, short communications, review articles) and non-peer-reviewed grey
bibliographies (e.g. thesis, reports, white papers). To find these references the author placed a specific set of terms in the
main search engines available on the internet. The main engines of research were Google Web, ResearchGate, PubMed,
and Google Scholer. The search terms included combinations of bats, Chiropterans, antibiotic resistance, zoonoses,
bacteria, enteric bacteria, one health, wildlife health, and environment. The languages used in the research were English,
Spanish and Portuguese. As inclusion criteria, only works that describe information regarding antibiotic resistance in
different bat species were included. Some studies were not used in this review because the information was mixed with
other species of mammals or birds and was not possible to retrieve information regarding specie, type of samples or
which resistances were observed.

BATS BACTERIOME AND ENTERIC PATHOGENS

Bat bacteriome knowledge is still very scarce. Studies performed have indicated a relatively high diversity and function
of bacterial species (Gerbacova et al., 2020; Nguema et al., 2020). In several studies, it was observed that
Gammaproteobacterial (with Enterobacteriaceae family in predominance) appears to be the prevalent bacterial group in
the Chiroptera order, while Fusobacteria is less represented in comparison to other mammal species (Gerbacova et al.,
2020). The bacteriome will vary according to several extrinsic and intrinsic factors, such as season, sex, diet type,
reproductive stage, and environmental factors (Gerbacova et al., 2020).

Beyond the bacterial commensal strains, it has been identified in bat's gastrointestinal flora strains similar to the
strains of human and animal pathogens in individuals and colonies of different bat species. Bats are a host of pathogenic
bacteria such as Salmonella, Shigella, Yersinia and Campylobacter (Muhldorfer, 2013). These pathogens usually do not
cause disease in the bats but have the potential of causing diseases such as diarrhoea, septicemia, and meningitis, in
humans and animals (Nowak et al., 2017; Silveira, 2021). Bats and their guano could serve as reservoirs of numerous
pathogenic agents, some of which are zoonotic (Vandzurova et al., 2013). Figure 1 presents some bat-related zoonoses.
Bats are hosts of numerous viruses, bacteria, parasites and fungi, that can be transmitted to other animals or Humans and
induce diseases.

Bat-Related Zoonoses

=)

|

|

VIRUS BACTERIA PROTOZOAN FUNGI
Venezuelan equine encephalitis vims Salmonella spp PARASITES Histoplasma capsulatum
Chikungunya virus Shigella spp Trypanosoma Coccidioides immitis and C.
Rio Bravo virus .. ..
Rift valley fever virus Yersinia spp Toxoplasma PGSGGE_GSHSP}_)
Kasokero virus Campylobacter spp Coccidia Candida albicans
Vesicular Stomatitis Virus Borrelia spp Leishmania Paracoccidioides brasiliensis
Kyasanur virus Bartonella spp Sporotrichum schenckii
group C betacoronavirus (B)-CoV Neorickettsia spp Sporothrix schenckii
SARS-and MERS-Coronaviruses Leptospira Scopulariopsis sp.
Ebola virus Coxiella burnetiid Cryptococeus neoformans
Marburg virus . . , f e
Nipah virus Myeobacterium bovi Blastomyces dermatitidis

Hendra virus
Rabies and Rabies-Related Viruses

Brucella spp
Pasteurella spp

Figure 1. The reports of zoonotic diseases in bat species

BAT DISPERSION AND CONTAMINATION SOURCE OF PATHOGENIC BACTERIA

Due to their specific style of life bats are very prone to spread AMR in the environment and acquire new pathogenic
strains. Their flight ability allows them to be in constant movement for food and shelter and to migrate from one region
to another (large territorial range of some species). This activity increases the chance of being exposed to antimicrobials,
raising the risk of developing, changing, or acquiring a new microbiota (Sens-Junior et al., 2018). Their longevity (some
individuals can live up to 30 years) and the realization of periods of hibernation and torpor by some species, allow
microorganisms to persist for long periods in the spots where animals are inhabiting and facilitate their transmission
between individuals (Sens-Junior et al., 2018).

Figure 2 has represented a scheme considering the possible routes of spread and acquisition of AMR and
pathogenic agents by bats. Chiropterans do not build shelters, they often use the natural landscape (e.g., caves or trees) as
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places of shelter, to reproduce and hibernate (Voigt et al., 2015). Many species use artificial hideouts in human
environments, such as attics and cellars, as permanent, or temporary shelters (McDougall et al., 2021a). Large colonies
can be formed inside of these artificial structures, because there are many benefits to the colony, not only obtaining
shelter but also having easier access to food sources (Voigt et al., 2015). The use of shelters located very near to the
human population, that is specific synanthropization, raises the change of direct and indirect contact of human and
domestic animals with the microbiota of bats. Pets (particularly cats) can hunt the bats. Direct contact with bats when
these are captured to be reallocated, or the contact of an aerosol of bat’s faeces (guano), are some of the routes by which
humans and domestic or non-domestic animals can acquire these pathogenic bacteria from bats (Nowakiewicz et al.,
2020; McDougall et al., 2021a).

Insects/Nectar/Fruits/Blood/
Vertebrates

Shelter

(natural or artificial)

ANTIBIOTIC A (Rap)
RESISTANCE '

Urban areas

Ecosystem (humans, agriculture fields,
(water bodies and others) industry, sewers)

Figure 2. The possible routes of spread and acquisition of antibiotic resistance and pathogenic agents by bats

Another source of contamination due to direct contact with humans is tourists that visit large colonies that are an
attraction in some regions. Tourists are responsible for introducing resistant strains of bacteria in and out of the cave,
spreading AMR into the ecosystems (Mulec et al., 2020). To prevent the dissemination of these strains should be
performed a regular cleaning of the tourist footpaths and a disinfectant barrier at the tourist cave entrance and exit
(Mulec et al., 2020). Environmental compartments (e.g., water bodies) can also serve as reservoirs for multiresistant
bacteria and resistance genes (Gharout-Sait et al., 2019). The origin of these agents is diverse. Rivers and seas are
exposed to discharges with microbial contaminants from industrial, agricultural, and domestic sources, such as faecal
sludge from dairy farms, discharges from aquaculture, hospitals, sewers, wastewater treatment plants and surface waters,
and others (Sherley et al., 2000; Gharout-Sait et al., 2019). In some countries, antimicrobials agents are still used in
domestic animals for their protection and improver, such as prophylaxis of diseases. These animals can act as a source of
environmental contamination (Sens-Junior et al., 2018). In many caverns, there is a network of underground water
channels that have contact with the exterior environment. These underground water bodies can be contaminated with
AMR due to the infiltration of bat faecal matter during the rainy seasons or introduce contaminated water into the caves
(Mulec et al., 2020).

The surface of bodies of water is typically rich in insects and other invertebrates, which are an important food
source to many species of bats. Bats can acquire and transmit strains of resistant bacteria when in contact with these
contaminated water bodies but also from consuming their food source. Insects are also hosts of multidrug-resistant
bacteria and have the potential to spread through the environment. Studies have shown that fly guts are carried
antimicrobial-resistant bacteria that share the same genotypes as strains isolated on humans and other animals and can
occur horizontal transfer of plasmids bearing antibiotic resistance genes inside their gut. (Gharout-Sait et al., 2019).
Other sources of food such as fruits, flowers and blood from other animals also can be a source of acquisition of AMR
by bats. Plants can be contaminated with water and faecal matter that are contaminated with AMR bacteria.
Hematogenous species can also feed on animals and humans that are also carriers of multidrug-resistant bacteria
(Nowakiewicz et al., 2020; McDougall et al., 2021b).

ANTIBIOTIC RESISTANCE IN CHIROPTERANS

Overall, the present study presents a total of 32 works, between the years 1985 to 2021. Of the 32 papers (presented in
table 1) the majority, 31.3 % (10/32) were performed in individuals from the Pteropodidae family, 25 % (8/32) in the
Vespertilionidae Family and the remaining studies in individuals of several families from the Chiroptera Order. In 34.4%
(n = 11/32) papers the study was performed in colonies that harboured mixes of individuals from different families. In
one study, the specie was not determined.
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Table 1. Antibiotic resistance in Chiropterans regarding specie, family, country, year, type sample, bacteria isolated, antibiotic resistance and resistance genes

Specie Family Ic_(?l((:)?ltiI:sn of Country Year ;ynrﬁ)zlzf Isolated Bacteria Antibiotic resistance Resistance genes Reference
E. coli to almost every antibiotic tested, with 10
strains resistant to trimethoprim and cephalothin.
Cynopterus tittecheilus, C . Cave near and Escherichia coli, Klebsiella spp. was sensitive to almost every
A . Pteropodidae : - ; N b h S (Graves et al.,
brachyotis javanicus, C sphinx e in coastal Indonesia 1985  Faecal Klebsiela spp., antibiotic except 9 strains resistant to ampicillin,
- - Vespertilionidae . S - . 1988)
angulatus, Myotis muricola village Enterobacter spp. cephalothin, trimethoprim and tetracycline.
Enterobacter spp. all isolates presented resistance,
between 1-6 different agents.
. . A . Faecal Staphylococcus Nalidixic acid, aztreonam, tetracycline, (Vandzurova
Myotis, M blythii Vespertilionidae - Church tower Slovakia 2010 (guano) nepalensis chloramphenicol and erythromycin. etal., 2013)
Escherichia coli;
. - . Enterobacter
Fa_rollla pe_rsplcn_lata, Sturnira . Fragment . Orql and aerogenes, All individuals had resistant strains, with a few of (Sens-Junior et
illium, Artibeus lituratus, Phyllostomidae  forest near  Brasil 2018  perianal h - lti-resi _— ial |
Artibeus planirostris city region Enterobacter _ them presenting multi-resistance to antimicrobials. al., 2018)
agglomerans, Serratia
liguefaciens
Escherichia coli, One E. coli isolate was resistant to chlortetracycline _. . . .
Rhinolophus pumilus Rhinolophidae Cave Japan 2014  Faecal Klebsiella pneumoniae, and streptomycin and 4 K. pneumoniae and 5 C. E;(n?boiretgiht:rt]r;issﬁ?snstikl)?glsteslasmid (Olzjéﬂ)al"
Citrobacter freundii  freundii were resistant to sulfadimethoxine. P ’
69% of the isolates were multi-drug resistant. In all strains the presence of at least one
Resistance to tetracycline, rifampicin and ene encodin reF;istance' tetM (Nowakiewicz
Urbanarea  Poland 2021  Faecal Enterococcus faecalis erythromycin, High-level aminoglycoside grmB ranh 390 Mal iE ' 60)-1 t al. 2021
Myotis daubentonii, Eptesicus resistance (HLAR) was detected in 416% of ~ SrME01aPn ( )d al gels, aze (60)-le- etal., 2021)
serotinus, Myotis nattereri, I strains. aph (200)-la and ant (6)-la).
. S Vespertilionidae
Plecotus auritus, Nathusius 71% of the isolated strains were multi-dru
Pipistrellus pipistrellus, 7 - . 9 Two isolates produced extended- L
A . resistant. The highest resistance was observed in (Nowakiewicz
Urban area  Poland 2020  Faecal Escherichia coli I . spectrum beta-lactamases (ESBL) (bla
the case of ampicillin, kanamycin, CTX-M-3, bla CTX-M-15, bla TEM-1) etal., 2020)
sulfamethoxazole/trimethoprim, and streptomycin. ' ' '
samples Two isolates were cefotaxime-resistant,

. . Trees near a . ESBL-producers and harboured the .
E'dOIO.n hglvqm, Pteropgdldae marketand  Nigeria 2021 liver, spleen, Escherichia coli 22.9 % of the isolates were multidrug-resistant- blaCTX-M-15. tet(A), intl and blaTEM (Obodoechi et
Nycteris hispida Nycteridae and - al., 2021)

caves intestines genes were also found. Three isolates
contained the eae gene.

Tadarida brasiliensis, Histiotus Molossidae o - o
velatus, Molossus molossus, Vespertilionidae Urbanarea  Brasil 2018  Faecal Staphy_lococcus au_rz_eus,70.59/9 Qf the S. aureus were resistant to (Silveira,

. N Yersinia enterocolitica methicillin 2021)
Eptesicus brasiliensis
Eidolon helvum, Epomops Intestine Were detected sequence types (e.g.,
franqueti, Hypsignathus Pteropodidae National parksRepublic 2009- liver Iun’ Escherichia coli Extended-Spectrum ESBL phenotype was ST69, ST127, and ST131) and (Nowak et al.,
monstrosus, Myonycteris P and reserves  Congo 2010 Ki dné g detected in 60% of the samples. pathotypes (e.g., EXPEC, EPEC 2017)
torquata, Rousettus aegyptiacus Y and atypical EPEC).
Barbastella barbastellus, Vespertilionidae Swab . . -
Eptesicus serotinus, Miniopterus Miniopteridae Caves Slovenia 2020  samples Escherichia coli Sevey al |solat§:s from rivers and swabs exhibited a (Mulec etal.,

multidrug-resistant phenotype 2020)

schreibersii, Myotis capaccinii,

Rhinolophidae

from tourist
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M. daubentonii, M. oxygnathus, footpaths
M. myotis, M. nattereri, Nyctalus

noctula, Pipistrellus pipistrellus,

P. pygmaeus, Rhinolophus

ferrumequinum, R. hipposideros

(Benavides et

Desmodus rotundus Phyllostomidae ~ Farms Peru 2015  Faecal Escherichia coli ESBL in 4. 94 % of the isolates Expression of bIgCTXM-lS genes al., 2018;
carried by plasmids Mendoza,
2017)

Klebsiella pneumoniae,

Urban and 2017- Klebsiella africana and Trimethoprim and fluoroquinolone

(McDougall et

Pteropus poliocephalus Pteropodidae rural areas Australia 2018 Faecal Klebsiella variicola irs;::ttzr;ce genes in 3 K. pneumonia al., 2021b)
subsp. variicola '
3.8% E. coli were amoxicillin-resistant with 38.5%
isolates exhibiting multi-resistance. One isolate (McDougall et
Urban and presented resistance to carbapenem and 38.5% of isolates had class 1 integrons. al 20919_
rural areas Australia 2020  Faecal Escherichia coli fluoroquinolone resistance. Two isolates presented 69.2% of isolates harboured Mclﬁou alf ot
resistant to third-generation cephalosporins. 69.2% extraintestinal virulence factors., al Zogla)
of isolates presented resistance to tetracycline and v
trimethoprim-sulfamethoxazole.
41.67% ESBL had CTX-M-15- gene
0, -M- -
. Forest area ESBLs in 20.69% E. coli isolates, and, 16.67% CTX-M-15+SHV-11. has
Epomops franqueti, . . L presented E. coli, In the K. pneumonia ~ (Nguema et
. Pteropodidae and trees near Gabon 2020  Faecal Enterobacteriaceae  13.79% K. pneumoniae isolates, and :
Megaloglossus woermanni village 3.45% E. cloacae isolate isolates 8.33% ha CTX-M-15-and 25%  al., 2020)
g ATE ' CTX-M-15+SHV-11 CTX-M-15 was
detected in 8.33% E. cloacae.
Samples of . (Mateus-
Molossus rufus Molossidae Forestarea  Brasil 2019  stomach and LactobaCIIIus_ SPP- 21% isolates where multiresistant Vargas et al.,
- ] Enterobacteriaceae
intestine 2017)
P. mirabilis and S. marcescens are resistant to
T oxacillin and susceptible to amikacin Antibiotic-
. . . . Oral and Proteus mirabilis, resistant profiles also show P. mirabilis susceptible (Masrukhin et
Chironax melanocephalus Pteropodidae National park Indonesia 2020 Serratia marcescens - L T -
rectal swab against cefoxitin (and amoxicillin-clavulanic acid, al., 2021)
subsp. marcescens ; b .
while S. marcescens resistant against these two
antibiotics.
Enterococcus faecalis, Resistance genes detected: tetM, rmC,  (Costa et al.,
Tadarida brasiliensis Molossidae Hc_>qsmg Brasil 2015- Faeces E. cgssellflavus, E. Resmtancg to 'rlfamplcm_, erythromycm,_ gyrA, vanA, vanB, vanC1 apd vanC2-3 2019; Frazzon
ceilings 2016 gallinarum, and E. norfloxacin, ciprofloxacin and tetracycline. r. Virulence genes observed: gelE, ace, and Alegre,
mundtii agg, cylA and esp. 2018)
g\tt?rg%(:;;?p;;"’) 35.9% of isolates were ESBL
Lo " . . - Resistance genes MultibHA and TEM  (Aladejana,
Urban areas  Nigeria 2017  Faeces SK?:ergé)izlelgalsspp.;ind Resistance to multiple antibiotics and virulence Biofilm, PAPC, ISS and 2019)
Escherichiapfc;ii eaeAgenes were detected.
Eidolon helvum Pteropodidae

92.9% coagulase type VI, and accessory
gene typing classified 69 isolates into
the following: type | (12; 17.1%), type
11 (3; 4.3%), and type 111 (1; 1.4%) and
type 1V (53; 75.7%).

Housing Nigeria 2008- Facces StaphvI0COCCUS aureus The majority are susceptible to
ceilings g 2010 Py the antibiotic tested.

(Akobi et al.,
2012)
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Artebius sp., Carollia
perspicillata, Desmodus
rotundus, Diaemus youngi,

Phyllostomidae

Salmonella spp.,

Glossophaga sp, Molossus Molossidae . . . S . 82% of the E. coli isolates exhibited resistance to .
major, Molossus ater, Noctilionidae Urban and Trinidade 2006-  Gastrointesti Esc_herlchla coli, E. antibiotic: erythromycin (61%), (27%), gentamycin - (Adesiyun et
. h rural areas 2006  nal tract coli 015, . . al., 2009)
Mormoops sp., Noctilio Mormoopidae (0%) and sulphamethoxazole/trimethoprim (2%).
- Campylobacter spp.
leporinus, Phyllostomus
hastatus, Phyllostomus discolor,
Pteronotus parnelli
Enterococcus faecalis,
E. mundtii,
Ilgactobacnlus SPP-, Isolates from the Micrococcaceae family were
seudomonas spp., . S .
A - resistant to ampicillin (7%), chloramphenicol
. . Vespertilionidae . Bavillus spp., - p .
Myotis myotis, Rhinolophidae Housing Slovakia 2020 Faecal Carnobacterium (50%) and vancomycin (50%). Kocuria sp. ) (Gerbacova et
Rhinolophus hipposideros P ceilings maltaromaticum resistance to chloramphenicol (18%) and al., 2020)
' vancomycin (18%). Vancomycin resistance was
Staphylococcus . -
- observed in Staphylococcus nepalensis (94%).
nepalensis,
Arthrobacter sp.,
Kocuria sp.
o - . - - MRSA isolates harboured a SCCmeclV
0,
Asel_l_la trl_dens, Rhlnol_ophus Hipposideridae ) Staphylococcus 36.3% were re_swtant t(_) penicillin G, ce_foxmn Q6GD50 (fusC). Virulence genes (Mairi et al.,
blasii, Rhinolophus clivosus, . - Cave Algeria 2016  Guano and fusidic acid. Four isolates were resistant to . - :
. Rhinolophidae aureus S including sea, egc enterotoxin locus, 2021)
Rhinolophus euryale methicillin (MRSA). sec. sel. tst
Detected genes were blaCTX-M-1,
. _ . blaCTX-M-3, blaSHV, blaTEM (Garcés et al.
0 ' ' ' )
Bridges Portugal Faecal Escherichia coli 9.6% of samples were ESBL blaOXA, blaCTX-M-9, tet(A), tet(B) 2017)
Tardarita teniotis Molossidae and fimA.
. - Virulence gene fimA and antimicrobial .
0,
Bridges Portugal Faecal Escherichia coli aRr?c?I:ttraencti;? iﬂp('glzl Iég(g’; 14%) resistance blaOXA, blaSHV, blaTEM, (Garzcgige)t al,
ptomy ) tet(A), tet(B), adA and strA-strB
Salmonella spp. presented resistant to Tetracycline
(93%), Sulphamethoxazoal-Trimethoprime (80%),
salmonella s Amoxicillin-Clavulanic acid (42%), Azithromycin
Urban and Banaladesh 2016- Faecal Staph Iococcriqus (76%) and Chloramphenicol (62%). (Uddin et al.,
rural areas g 2017 phyloce SPp-, Staphylococcus sp. resistance to Ampicillin (55%), 2020)
Escherichia coli o - .
Methicillin, Oxacillin, Streptomycin and
Tigecycline by 12%. E. coli resistance against
Cefepime (16%) and Ampicillin (13%).
Various species Undetermined Trees near Nigeria 2012  Faecal Escherichia coli Re3|star_1ce to augumen_tln (92%), to ciprofloxacin, (Oluduro,
urban areas ofloxacin and pefloxacin (1%). 2012)
50% of the isolates were resistant or immediately .
Urban and Nigeria 2012- Fecal Escherichia coli resistant to cefuroxime, ceftazidime and (Ngozi etal,
rural areas 2014 - 2018)
cefotaxime.
Carbapenemase-producing isolates
harboured the blaOXA-48 gene (CS34) (Gharout-Sait
Cave Algeria 2016  Fecal Klebsiella pneumoniae 2/100 carbapenem-resistant isolates and blaKPC-3 gene (CS63). Other genes etal,, 2019)
observed were blaTEM-1 and aac (6¢)- v
Ib genes.
Undetermined Undetermined ;/oestgﬂgﬁ ry Germany 2008  Swab wound Staphylococcus aureus Resistant to Methicillin (MRSA). mecA gene (Wal;g%rsit al,
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The type of sample predominately was fecal material (anal swabs, droplets, and gastrointestinal samples) in almost
every paper, except for two works that had samples from other organs (Walther et al., 2008; Obodoechi et al., 2021). The
countries with the greatest number of studies were in decedent order as follows: Nigeria, Brazil (n=5), Slovakia,
Australia (n = 3), Indonesia, Peru, Portugal, Poland, Algeria (n = 2), Japan, Republic of Congo, Slovakia, Trinidad,
Germany, Bangladesh, Gabon (n = 1). Since most of the studies were performed in fecal samples, the bacteria isolated
were mostly the microbiota of faecal flora, and Escherichia coli(E. coli )was the most common microorganism in the
studies (n=20). The production of extended-spectrum b-lactamases (ESBLs) and carbapenem resistance by
Enterobacteriaceae, Methicillin-resistant Staphylococcus pseudointermedius (MRSP), and Methicillin-resistant
Staphylococcus aureus (MRSA) vancomycin-resistant Enterococci (VRE), have been some of the main public health
concerns in the last years, particularly in human health in the topic of AMR (Garcés et al., 2019; Wangai et al., 2019).
Some of these agents have been reported in bats. ESBL was reported in 8 papers and carbapenem resistance in
Enterobacteriaceae on 3 as mentioned in Table 1 (Gharout-Sait et al., 2019; McDougall et al., 2019; McDougall et al.,
2021a).

A study performed by Obodoechi et al. (2021), detected the blaCTX-M15 gene in ESBL isolated from bats from
Nigeria. This gene already had been detected in other bats from Gabon (Nguema et al., 2020), Poland (Nowakiewicz et
al., 2020), and Peru (Benavides et al., 2018; Mendoza, 2017). This gene is known for being one of the most predominant
ESBL gene types reported in humans, domestic animals and wildlife in many regions of the world. Extended-spectrum
b-lactamases type cefotaximase-Munich (CTX-M) is the most widely distributed ESBL in human strains around the
world. In the same study, was detected the strain E. coli ST2178 was been previously reported in among pets, humans
and rodents (Obodoechi et al., 2021). In another study performed in Gabon by Nguema et al., 2020, were detected the
presence of blaCTX-M-15 and blaSHV-11 genes in ESBL from insectivorous species. The phylogenetic analyses of the
sequences obtained from bats that carry these clustered genes correlate them with one human bacterial strain (Nguema et
al., 2020). The presence of these genes in bats populations suggests that the prevalence of antibiotic resistance in bats
depends on the antibiotics consumed and the density of human populations in contact with bats.

CONCLUSION

Based on the papers analyzed in the present study, it is possible to conclude that bats do a host of AMR and pathogenic
bacteria. Due to their lifestyle bats have an important part in the spread of AMR in the ecosystems. But also, make them
more susceptible to acquiring these resistant bacteria from numerous sources such as food, insects, contaminated fruit,
animal sources, and environmental factors such as water bodies. Bats are also extremely adaptable animals that
sometimes live in close contact with humans and domestic animals. Some colonies of bats are located in urban areas, for
example, in old churches or libraries. This proximity to Humans can increase the possibility of the exchange of these
bacteria. This cycle of exchange of resistant bacteria between wild animals, including bats, humans, domestic animals
and the environment represents a major public health problem. This is because it is extremely difficult to control the flow
of these bacteria within wild populations since the mechanism of acquisition and transmission of these bacteria is not yet
fully understood.

Bats have undoubtedly an important biological indicator of environmental health, particularly in the case of
zoonosis. Nevertheless, there are still gaps in knowledge about the dynamics and mechanisms routes of zoonotic agents
and AMR. Often, wild animals such as bats are not included in epidemiological surveillance disease control. In many
situations bats have been unfairly accused of being the cause of disease outbreaks, but there is a great possibility that
these animals acquired the pathogens elsewhere, for example, in water bodies contaminated with medical wastes, and
only act as carriers of those pathogens. As it was possible to observe in this review, numerous EBLS strains of human
origin have been reported in different species of bats, from different areas of the globe. Bat are not the cern of the
problems, but contribute to its aggravation.

In the future, further studies are needed under the One Health system to determine the role of bats in the
dissemination and acquisition of AMR in the ecosystem.
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Presentation of the article

Main Format

First page of the manuscripts must be properly identified by the title and the name(s) of the author(s). It should be
typed in Times New Roman (font sizes: 17pt in capitalization for the title, 10pt for the section headings in the body
of the text and the main text, 9pt for References, double spaced, in A4 format with 2cm margins. All pages and lines
of the main text should be numbered consecutively throughout the manuscript. The manuscript must be saved in a
.doc format, (not .docx files). Abbreviations in the article title are not allowed.

Manuscripts should be arranged in the following order:

a. TITLE (brief, attractive and targeted)

b. Name(s) and Affiliation(s) of author(s) (including post code) and corresponding E-mail
. ABSTRACT

d. Key words (separate by semicolons; or comma,)

e. Abbreviations (used in the manuscript)

f. INTRODUCTION
g
h
i.

@]

. MATERIALS AND METHODS
. RESULTS
DISCUSSION

j. CONCLUSION

k. DECLARATIONS

1. REFERENCES

m. Tables

n. Figure captions

o. Figures
Results and Discussion can be presented jointly if preferred.
Discussion and Conclusion can be presented jointly if preferred.

Article Sections Format

Title should be a brief phrase describing the contents of the paper. The first letter of each word in title should use upper case. The
Title Page should include the author(s)'s full names and affiliations, the name of the corresponding author along with phone and e-
mail information. Present address (es) of author(s) should appear as a footnote.

Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments,
indicate significant data, and point out major findings and conclusions. The abstract should be 150 to 300 words in length.
Complete sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense.
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited.

Following the abstract, about 3 to 10 key words that will provide indexing references should be listed.

Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach or
solution. It should be understandable to colleagues from a broad range of scientific disciplines.

Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures
should be described in detail; previously published procedures should be cited, and important modifications of published
procedures should be mentioned briefly. Capitalize trade names and include the manufacturer's name and address. Subheadings
should be used. Methods in general use need not be described in detail.

Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in
the author(s)'s experiments. Previously published findings should be written in the present tense. Results should be explained, but
largely without referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the
results but should be put into the discussion section.

Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the
conclusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when
appropriate, both sections can be combined.

Conclusion can be presented jointly if preferred.
Declarations section

Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced
throughout, including headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic
numerals and supplied with a heading and a legend. Tables should be self-explanatory without reference to the text. The details of
the methods used in the experiments should preferably be described in the legend instead of in the text. The same data should not
be presented in both table and graph forms or repeated in the text.

Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications capable of
generating high resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use Arabic numerals
to designate figures and upper case letters for their parts (Figure 1). Begin each legend with a title and include sufficient
description so that the figure is understandable without reading the text of the manuscript. Information given in legends should
not be repeated in the text.
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Declarations section - Please include declarations heading
Please ensure that the sections:

-Ethics (and consent to participate)

-Authors' contributions

-Competing interests

-Availability of data and materials

are included at the end of your manuscript in a Declarations section.

Authors’ Contributions

For manuscripts with more than one author, WVJ require an Authors' Contributions section to be placed after the Competing
Interests section.

An 'author' is generally considered to be someone who has made substantive intellectual contributions to a published study. To
qualify as an author one should 1) have made substantial contributions to conception and design, or acquisition of data, or analysis
and interpretation of data; 2) have been involved in drafting the manuscript or revising it critically for important intellectual
content; and 3) have given final approval of the version to be published. Each author should have participated sufficiently in the
work to take public responsibility for appropriate portions of the content. Acquisition of funding, collection of data, or general
supervision of the research group, alone, does not justify authorship.

We suggest the following format (please use initials to refer to each author's contribution): AB carried out the molecular genetic
studies, participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in
the sequence alignment. ES participated in the design of the study and performed the statistical analysis. FG conceived of the
study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final
manuscript.

For authors that equally participated in a study please write 'All/Both authors contributed equally to this work.'
Contributors who do not meet the criteria for authorship should be listed in an acknowledgements section.

Competing Interests

Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript
should be declared in a paragraph heading "Competing interests" (after Acknowledgment section and before References).
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no
competing interest, please use the statement "The authors declare that they have no competing interests.".

World' Veterinary Journal adheres to the definition of authorship set up by The International Committee of Medical Journal Editors
(ICMJE). According to the ICMJE authorship criteria should be based on 1) substantial contributions to conception and design of, or
acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it critically for important intellectual
content and 3) final approval of the version to be published. Authors should meet conditions 1, 2 and 3.

It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript. Contributors who do
not qualify as authors should be mentioned under Acknowledgements.

Change in authorship
We do not allow any change in authorship after provisional acceptance. We cannot allow any addition, deletion or change in
sequence of author name. We have this policy to prevent the fraud.

Acknowledgements

We strongly encourage you to include an Acknowledgements section between the Authors’ contributions section and Reference list.
Please acknowledge anyone who contributed towards the study by making substantial contributions to conception, design,
acquisition of data, or analysis and interpretation of data, or who was involved in drafting the manuscript or revising it critically for
important intellectual content, but who does not meet the criteria for authorship. Please also include their source(s) of funding.
Please also acknowledge anyone who contributed materials essential for the study.

Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements. Please list the source(s) of
funding for the study, for each author, and for the manuscript preparation in the acknowledgements section. Authors must
describe the role of the funding body, if any, in study design; in the collection, analysis, and interpretation of data; in the writing
of the manuscript; and in the decision to submit the manuscript for publication.

Data Deposition

Nucleic acid sequences, protein sequences, and atomic coordinates should be deposited in an appropriate database in time for the
accession number to be included in the published article. In computational studies where the sequence information is unacceptable
for inclusion in databases because of lack of experimental validation, the sequences must be published as an additional file with
the article.

References
1. A WVJ reference style for EndNote may be found here.
2. All references to publications made in the text should be presented in a list with their full bibliographical description.

3. In the text, a reference identified by means of an author's name should be followed by the date of the reference in
parentheses. When there are more than two authors, only the first author's surname should be mentioned, followed by ‘et al'. In
the event that an author cited has had two or more works published during the same year, the reference, both in the text and in
the reference list, should be identified by a lower case letter like ‘a‘ and 'b* after the date to distinguish the works.

4. References in the text should be arranged chronologically (e.g. Kelebeni, 1983; Usman and Smith, 1992 and Agindotan et al.,
2003). The list of references should be arranged alphabetically on author's surnames, and chronologically per author. If an
author's name in the list is also mentioned with co-authors, the following order should be used: Publications of the single author,
arranged according to publication dates - publications of the same author with one co-author - publications of the author with
more than one co-author. Publications by the same author(s) in the same year should be listed as 1992a, 1992b, etc.

5. Names of authors and title of journals, published in non-latin alphabets should be transliterated in English.

6. A sample of standard reference is " 1th Author surname A, 2th Author surname B , 3th Author surname C. 2013. Article title
should be regular and 7 pt . World Vet. J., Add No. of Volume (Issue No.): 00-00."

7. The color of references in the text of article is dark blue. Example: (Preziosi et al., 2002; Mills et al., 2015).

8. At least 35% of the references of any submitted manuscript (for all types of article) should include scientific results published in
the last five years.
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-Examples (at the text- blue highlighted)
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992), (Chege, 1998; Chukwura, 1987a,b; Tijani,
1993,1995), (Kumasi et al., 2001).

--Examples (at References section)

a) For journal:

Lucy MC (2000). Regulation of ovarian follicular growth by somatotropin and insulin- like growth factors in cattle. Journal of Dairy
Science, 83: 1635-1647. DOIL: XXX

Kareem SK (2001). Response of albino rats to dietary level of mango cake. Journal of Agricultural Research and Development. pp
31-38. DOI: XXX

Chikere CB, Omoni VT and Chikere BO (2008). Distribution of potential nosocomial pathogens in a hospital environment. African
Journal of Biotechnology. 7: 3535-3539. DOI: XX

b) For symposia reports and abstracts:
Cruz EM, Almatar S, Aludul EK and Al-Yagout A (2000). Preliminary Studies on the Performance and Feeding Behaviour of Silver
Pomfret (Pampus argentens euphrasen) Fingerlings fed with Commercial Feed and Reared in Fibreglass Tanks. Asian Fisheries
Society Manila, Philippine 13: 191-199. Link

c) For edited symposia, special issues, etc., published in a journal:
Korevaar H (1992). The nitrogen balance on intensive Dutch dairy farms: a review. In: A. A. Jongebreur et al. (Editors), Effects of
Cattle and Pig Production Systems on the Environment: Livestock Production Science, 31: 17-27. Link

d) For books:

AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88.
Link

Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603. Link

e) Books, containing sections written by different authors:

Kunev M (1979). Pig Fattening. In: A. Alexiev (Editor), Farm Animal Feeding. Vol. III. Feeding of Different Animal Species,
Zemizdat, Sofia, p. 233-243 (Bg). Link

In referring to a personal communication the two words are followed by the year, e.g. (Brown, J. M., personal communication,
1982). In this case initials are given in the text.

Nomenclature and Abbreviations

Nomenclature should follow that given in NCBI web page and Chemical Abstracts. Standard abbreviations are
preferable. If a new abbreviation is used, it should be defined at its first usage. Abbreviations should be presented in
one paragraph, in the format: "term: definition". Please separate the items by ";".

E.g. ANN: artificial neural network; CFS: closed form solution...

Abbreviations of units should conform to those shown below:

Decilitre dl Kilogram kg
Milligram mg hours h
Micrometer mm Minutes min
Molar mol/L Mililitre ml
Percent %

Other abbreviations and symbols should follow the recommendations on units, symbols and abbreviations: in “A
guide for Biological and Medical Editors and Authors (The Royal Society of Medicine London 1977).

Papers that have not been published should be cited as “unpublished”. Papers that have been accepted for
publication, but not yet specified for an issue should be cited as “to be published”. Papers that have been submitted
for publication should be cited as “submitted for publication".

Formulae, numbers and symbols

1. Typewritten formulae are preferred. Subscripts and superscripts are important. Check disparities between zero
(0) and the letter 0, and between one (1) and the letter I.

2. Describe all symbols immediately after the equation in which they are first used.

3. For simple fractions, use the solidus (/), e.g. 10 /38.

4. Equations should be presented into parentheses on the right-hand side, in tandem.

5. Levels of statistical significance which can be used without further explanations are *P < 0.05, **P < 0.01, and
***p < 0.001

6. In the English articles, a decimal point should be used instead of a decimal comma.

7. In chemical formulae, valence of ions should be given, e.g. Ca2+ and CO32-, not as Ca++ or CO3.

8. Numbers up to 10 should be written in the text by words. Numbers above 1000 are recommended to be given as
10 powered x.

9. Greek letters should be explained in the margins with their names as follows: Aa - alpha, BB - beta, 'y - gamma,
Ad - delta, Ee - epsilon, ZC - zeta, Hn - eta, ©06 - theta, Ii - iota, Kk - kappa, AA - lambda, Mp - mu, Nv - nu, =€ - xi,
Oo - omicron, Mn - pi, Pp - rho, Zo - sigma, TT - tau, Yu - ipsilon, ®® - phi, Xx - chi, Yy - psi, Qw - omega.

|Pagej



Review/Decisions/Processing

Firstly, all manuscripts will be checked by Docol©c, a plagiarism finding tool. A single blind reviewing model is used
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cover the considerable additional processing costs. Payment can be made by credit card, bank transfer, money

order or check. Instruction for _payment is sent dul_*lng p_ubl_lcat|on WORD COUNT PRICEX
process as soon as manuscript is accepted. Meanwhile, this journal 1000-2000 - Z150
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The Waiver policy

The publication fee will be waived for invited authors, authors of hot papers, and corresponding authors who are
editorial board members of the World" Veterinary Journal (WVJ). The Journal will consider requests to waive the fee
for cases of financial hardship (for high quality manuscripts and upon acceptance for publication). Requests for
waiver of the submission fee must be submitted via individual cover letter by the corresponding author and cosigned
by an appropriate institutional official to verify that no institutional or grant funds are available for the payment of
the fee. Letters including the manuscript title and manuscript ID number should be sent to: editor.wvj@gmail.com.
It is expected that waiver requests will be processed and authors will be notified within one business day.

Submission Preparation Checklist
e Authors are required to check off their submission's compliance with all of the following items, and submissions
may be returned to authors that do not adhere to the following guidelines.

e The submission has not been previously published, nor is it before another journal for consideration (or an
explanation has been provided in Comments to the Editor).

e The submission file is in Microsoft Word, RTF, or PDF document file format.
e Where available, URLs for the references have been provided.

e The text is single-spaced; uses a 12-point font; and all illustrations, figures, and tables are placed within the text
at the appropriate points, rather than at the end.

e The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines.
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