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Prevalence of Avian Influenza H5N6 in Birds: A Systematic Review and Meta-analysis of
Other Viral Zoonosis

Bonilla-Aldana DK, Holguin-Rivera Y, Cortes-Bonilla I, Cardona-Trujillo M.C., Garcia-Barco A, Bedoya-Arias HA, Patifio-
Cadavid LJ, Aguirre-Florez M, Balbin-Ramon GJ], Erazo-Arana DC, Zambrano LI, Perez-Garcia L, Rodriguez-Morales AJ,

and Paniz-Mondolfi A.

World Vet. J. 11(2): 146-156, 2021, pii:S232245682100020-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj20

ABSTRACT: Avian influenza viruses (AIV) are zoonotic pathogens that
can potentially affect humans and potentially be epidemic in a region.
Birds (such as poultry and wild birds) serve as potential reservoirs for
these viruses, highlighting the importance of determining AIV prevalence
in the avian population. No systematic reviews have been published on
this issue in the world so far. The present systematic literature review
following the PRISMA standard, with meta-analysis, used three
databases to globally assess the Influenza HS5N6 infection in birds
(including poultry and wild birds). A model of random-effects meta-
analysis was performed to calculate the pooled prevalence and 95%
Confidence Interval (95% CI) for the prevalence of Influenza HS5N6
infection in birds. A total number of 14,605 articles published from 2015
to 2020 were retrieved. After screening the abstract/title, 37 articles - TR

were selected for full-text assessment, and 15 were included for imaims A (S22, Frovminsa ot Mfr s HSN s Bt A ystric eviows s
qualitative and quantitative analyses. Of the total number of birds (n = M =weeionmisones uomaamess

13,416 birds), the pool prevalence by RT-PCR was 3.5% (95% CI: 2.8-4.3%). From the total, 39.67% of the birds
assessed were ducks (family Anatidae), in which pool prevalence was 7.7% (95% CI: 4.4-11.0). In chickens (Gallus
gallus domesticus), the pool prevalence was 3.3% (95% CI 1.9-4.8). Vietnam was the country with the highest pool
prevalence; 7.9% (95% CI 4.0-11.7%). Bangladesh was the country with the lowest pool prevalence of 0.4% (95% CI
0.2-0.7%). A considerable proportion of infected birds tested positive highlighted the relevance of individual animals as
reservoirs of HSN6. Ducks and chickens were found to be positive by RT-PCR in over 3% of the cases. These data suggest
their relevance in maintaining zoonotic transmission and their potential implications for epidemics and even pandemics in
the near future.

Keywords: H5N6, Influenza, Meta-Analysis, Molecular diagnosis, RT-PCR, Systematic Review

Pooled molecular
prevalence of Influenza
H5N6 (N=13,416) was
3.5% (95% ClI: 2.8-4.3%)
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Reviewing Effective Factors of Alimentary Deficiency in Animals Reproductive Functions
Skliarov P, Fedorenko S, Naumenko S, Onyshchenko O, Pasternak A, Roman L, Lieshchova M, Bilyi D, and Bobrytska O.

World Vet. J. 11(2): 157-169, 2021, pii:S232245682100021-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj21

ABSTRACT: Animal reproduction is one of the main factors limiting the

efficiency of livestock production. Its optimal level is possibly achieved Factors of Alimentary Deficiency

when certain conditions are created for animals. As reproduction is a (BEBEN (Ca,P, Mg, K, o, | Co Cu. M, W, 5 20, Cd e, Cr)
complex reflex process depending on neuroendocrine regulatory

mechanisms, the character and strength of stimuli, which, in turn, is due

Animals Reproductive Functions

to a number of factors. Under normal conditions, the body of animals is - ""

affected by many different factors, which are appropriately transformed
and specified by positive or negative reactions. Inhibitory factors include Ante- intra-, neo-, postatal and andrological pathologies

air pool, saturated with harmful substances and gases, ionizing radiation, \ 4

poor water quality along with altered redox properties, hypokinesia
combined with poor unbalanced feeding, systematic chronic stress,
presence of toxic substances in feed, and the deficiency of vitamins and
other bioantioxidants in feed or their excessive spending. Of the wide o e s e ectve Fatore of Almentary Deidoncy
range of genetic and paratypic factors of negative impacts on  AnimalsReproductive Functions. World Vet. J, 11 (2): 157-169.

reproductive capacity, the most common one is alimentary, which causes

impaired reproductive function due to deficiencies in the rules, regulations, and feeding regime of animals. In particular,
the alimentary can be associated with both general malnutrition (starvation) and overfeeding (obesity). However, the
alimentary form of infertility mostly occurs due to low-quality diets when the diet lacks vital components (mainly

Alimentary infertility
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vitamins, macro-, and micronutrients) or the quantitative ratios of the ingredients are violated. This is possible even if the
total nutritional value of the diet meets the established requirements for the physiological needs of the body. Vitamins,
micro-, and macronutrients are ecologically deficient factors of disturbance of animal reproductive function, the influence
of which is observed on all processes of reproduction, from fertilization to the postpartum period and the preservation of
young animals. The pathogenesis of their insufficiency is associated with the violation of steroido-, gameto-, and
embryogenesis and the emergence of ante-, intra-, neo- and postnatal pathologies, respectively. Therefore, treatments
and prevention measures should be aimed at providing animals with biologically complete balanced feeding and
replenishment of the body with vitamins and minerals. However, all these issues remain incompletely studied and need
further research.

Keywords: Alimentary deficiency, Animals, Reproductive function.
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The Broad Range of Coronaviruses Co-existing in Chiropteran: Implications for One
Health

Bonilla-Aldana DK, Toro-Ortiz C, Jimenez-Salazar P, Guevara-Manso V, Jimenez-Diaz SD, Bonilla-Aldana JL, Gutierrez-
Grajales EJ, Pecho-Silva S, Paniz-Mondolfi A, Suarez JA, Pachar MR, Martinez-Pulgarin DF, Zambrano LI, Soler-Tovar D,
Rodriguez-Morales AJ, and Mattar S.

World Vet. J. 11(2): 170-180, 2021; pii:S232245682100022-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj22

ABSTRACT: Bats are a group of mammals that harbor the most
significant number of coronaviruses. The aim of present review article

One

was to analyze the broad spectrum of the coronavirus coexisting in N fheeny % Y
Chiropterans hosts. Bats have certain types of cell receptors that allow mﬁ P4

them to be the potential hosts of a large humber of viruses without the — k oy o
presence of any clinical manifestations, and to be a source of contagion )

infections for other animals and human species. Emphasis can be placed Qméﬁ AP R | ! /3 k ¥ Eﬁ‘ég

on five coronaviruses, such as Porcine Epidemic Diarrhea Disease,
Severe Acute Diarrhea Syndrome, Middle East Respiratory Syndrome,
Severe Acute Respiratory Syndrome, and Severe Acute Respiratory
Syndrome 2, which have had significant impacts causing epidemic
outbreaks in different parts of the world, and generating implications for

both human and animal health. In conclusion, recent research indicated — Zsne ox foo o ¢ meneSoatar b SuevarManso ¥ ymenes bt 50 Bonila tdana o
the importance of bats as potential hosts of Multiple COrOAVIFUSES Gy i chromers mpleatons for one Hoath Word v 1 113 10080 oo
leading to some zoonotic diseases.

Keywords: Bats, Coronaviruses, Cross-species, Evolution, Spillover, Transmission

Va1
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A Retrospective Study on Dog Bite Associated Rabies in Human and the Use of Post-
exposure Prophylaxis in Nepal during 2008 to 2017

Pal P, Shimoda H, Bashyal R, Yawongsa A, and Rukkwamsuk Th.

World Vet. J. 11(2): 181-186, 2021; pii:S232245682100023-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj23

ABSTRACT: A 10-year (2008-2017) retrospective canine-mediated
human rabies epidemiology was studied to assess the burden of rabies Canine mediated rabies epidemiology

between 2008 and 2017 in Nepal

in Nepal. To this end, the number of dog bites, the use of post-exposure
prophylaxis (PEP), and human death records from 2008 to 2017 were
retrieved from Sukraraj Tropical Hospital, Kathmandu, Nepal. The
findings revealed that the number of human rabies occurrences was
consistent with minor fluctuations throughout the study period. There
were 252,297 dog bite cases in humans recorded between 2008 and
2017. Every month, 2,102 people were bitten by mostly stray dogs.
There was a gradual increase in PEP use throughout 10 years. On
average, 36,995 PEP dosages were used per year for stray dog bites.
The PEP consumption and the number of human deaths were negatively
correlated. A total of 482 human rabies deaths were recorded in Nepal i sl gyt o "
during the study period. On average, 49 people died of canine-mediated Dog Bite Associated Rabies in Human and the Use of Post-exposure Prophylaxis in Nepal
rabies each year. Although there was an increase in the use of PEP, the ~ *" i womie s erasase

number of human deaths and street dog bites recorded were still high. The high mortality due to rabies could then be
attributed to the flawed surveillance system and stray dog population management, and not merely the lack of PEP
services. Hence, it is recommended that the government agencies and other concerned stakeholders should organize
mass vaccination and population management program for stray dogs in order to reduce the country’s rabies burden.
Keywords: Dog bite, Epidemiology, Prophylaxis, Rabies
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Production of Newcastle Disease Polyclonal Antibody as the Alternative of
Immunohistochemistry Primary Antibody against Newcastle Disease in Poultry.

Naf'an MKh, Kurniasih K, Untari T, and Prakoso YA.

World Vet. J. 11(2): 187-192, 2021, pii:S232245682100024-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj24

ABSTRACT: Newcastle disease (ND) is the most pathogenic viral
infection in poultry. Furthermore, the availability of laboratories that [ L R
support the molecular diagnosis of ND is still limited in Indonesia. The ’
present study aimed to produce ND polyclonal antibody as the
alternative of immunohistochemistry primary antibody against ND in
poultry. Two adult male New Zealand White rabbits weighed 2.5 kg were
vaccinated seven days after the adaptation using intraperitoneal injection
of the ND live vaccine at multilevel doses weekly. The serum was
collected inactivated, and purified in the sixth week. A total number of 31
chicken samples were collected and their samples of brain, lung, spleen,
and intestine were tested using immunohistochemistry and Reverse
Transcription Polymerase Chain reaction (RT-PCR). The result showed
that 19/31 (61%) were positive against immunohistochemistry and RT- [
PCR and a total of 12/31 (39%) were negative. Based on the obtained
results, immunohistochemistry using ND polyclonal antibody had a similar accuracy with RT-PCR. It can be concluded that
ND polyclonal antibody produced by vaccination in the rabbit could be used as the alternative immunohistochemistry
primary antibody for diagnosing ND in poultry.

Keywords: Immunohistochemistry, Newcastle disease, Polyclonal antibody, Poultry, RT-PCR
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Transcriptional, Mitochondrial Activity, and Viability of Egyptian Buffalo’s Granulosa
Cells In Vitro Cultured under Heat Elevation

Ghanem N, Faheem MS, Samy R, and Barkawi AH.

World Vet. J. 11(2): 193-201, 2021, pii:S232245682100025-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj25

ABSTRACT: It is documented that heat stress caused impairment on the
reproductive performance of dairy animals. However, there are few Do
reports that have focused on the molecular and intracellular responses of l— Day of conflucnce (day 3) —|
in vitro cultured buffalo granulosa cells during heat elevation. The
present study was conducted to investigate the effect of heat elevation
during in vitro culture of buffalo granulosa cells on their viability, quality, \mnmn ature (38.5°) unil day
mitochondrial activity, and transcriptional activity. Granulosa cells were
harvested after aspiration of cumulus-oocytes complexes that were
collected from abattoir ovaries. The granulosa cells were cultured in vitro

StAR gene )

either at a normal physiological temperature suitable for oocyte — -- (

Normal temperature (38.5°C) | Heat stress (40.5%

Cells viability ROS detection Mitochondrial activity Gene expression

Heat shock factor 1

maturation and embryo development (38.5°C) or exposed to the

elevated temperature of 40.5°C on day 3 of culture (the first two days [ tetsesdeis
were for confluence) for two hours of culture then continued at 38.5°C

up to day 7 of culture. The viability of granulosa cells was measured  ghnmu s s sam s s saiow i 2021) vansiniona tochondtal sy, ond vy o

using trypan blue and quality was estimated by measuring the level of

intracellular reactive oxygen species (ROS) on day 7. Moreover, metabolic activity was performed by measuring the
fluorescent intensity of mitochondria. Moreover, transcriptional activity was done by profiling four selected candidate
genes using quantitative real-time PCR. The results indicated that the granulosa cells viability rate significantly decreased
in the heat stress group (25.1 £ 3.7), compared to the control group (36.6 £ 5.3) on confluence day (day 3). In addition,
the viability rate on the last day of culture (day 7) decreased in heat stress, compared to control (83.7 £ 4.5 and 97.4
0.4, respectively). On the other hand, there was a nonsignificant difference in ROS profile between the control (21.7*10*
+ 1.3) and the heat-stressed group (15.7 £ 0.7) on day 7 of culture. However, the mitochondrial fluorescent intensity
was higher in the control (21.9 + 1.9) than in the heat-stressed group (15.4 + 0.8) on day 7 of culture. The expression of
cellular defense (HSF1) and apoptosis-inducing gene (P53) were significantly up-regulated in granulosa cells exposed to
heat elevation, compared to the control group. On the other hand, the steroidogenesis-regulating gene (StAR) was down-
regulated in granulosa cells cultured under heat shock, compared to the control group. In conclusion, heat stress reduced
the viability of granulosa cells by inducing the expression of an apoptosis-related gene (P53) and compromised expression
of genes regulating the steroid biosynthesis, which resulted in up-regulation of cell defense gene (HSF1) in an attempt to
ameliorate the deleterious effect of heat stress on the biological activity of the granulosa cells.

Keywords: Apoptosis, Granulosa, Heat stress, Gene expression
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Supplementation of Moringa oleifera Leaf Meal in Layer Chickens’ Feed: A Review

Gobezie E.

World Vet. J. 11(2): 202-207, 2021, pii:S232245682100026-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj26

ABSTRACT: As a dietary supplement for animals, Moringa oleifera is
very useful because its leaves are very nutritious. Moringa oleifera
leaves are rich in fats, proteins, vitamins, and minerals with
antimicrobial effects. Leaf tea is used to treat ulcers in the stomach and
diarrhea. Moringa leaves are considered healthy food sources and are
recommended for anemia from malnutrition due to the high protein,
fiber, and iron content of the leaves. Moringa oleifera leaves are
primarily used for medicinal and human consumption purposes since
they are abundant in antioxidants and other nutrients. Due to the low
energy and digestibility of proteins, Moringa oleifera leaf meal
supplementation increases feed intake and feed conversion ratio, as well
as decreasing egg mass yield, percentage of egg production, and egg
weight. More research in these areas is required to make full use of the
potential advantages of the Moringa oleifera plant as layer feed.
Keywords: Layer chicken, Laying performance, Leaf meal, Moringa
oleifera
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Assessing the Chronic Poisoning of White Mice Affected by Mospilan RP and Actara 25

WG.

Dukhnytskyi V, Sokolyuk V, Kozii N, Ligomina I, Karpyuk V, and Honcharenko V.

World Vet. J. 11(2): 208-214, 2021, pii:S232245682100027-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj27

ABSTRACT: Neonicotinoids are a relatively small group of organic
compounds that are widely used in crop production as insecticides. They
are highly toxic to insects, and much less toxic to mammals, including
humans. Accordingly, the present study aimed to investigate the effects
of chronic toxicity of insecticides from the group of neonicotinoids
Mospilan RP (active substance acetamiprid) and Actara 25 WG (active
substance thiamethoxam) on white mice. The chronic toxicity was
induced by daily internal introduction of Mospilan RP and Actara 25 WG
to mice for 30 days at the doses of 1/10 of Median Lethal Dose reported
as 65 and 363 mg/kg of body weight, respectively. The affected mice
showed thrombocytosis, neutrophilic leukocytosis, and lymphocytopenia.
Blood plasma hyperproteinemia in mice treated with Mospilan RP and
Actara 25 WG was characterized by an increase in globulins content by
almost 30.0% in both groups. In Mospilan RP and Actara 25 WG treated
groups, there was a reduction

v
27 sar

Control groap - daily
drinking 0.4 ml of
distilled water

in urea content by 43.6% and 31.5%,

Dukhnytskyi V, Sokolyuk V, Kozii N, Ligomina I, Karpyuk V, and Honcharenko V (2021).
Assessing the Chronic Poisoning of White Mice Affected by Mospilan RP and Actara 25 WG.
World Vet. J., 11 (2): 208-214.

increase

respectively, an in aspartate

aminotransferase activity by 80% and 60.0%, and y-glutamyltranspeptidase by 80% and almost 400%, respectively.
Compared to the control group, the activity of alanine aminotransferase increased to 23.0% only in mice that were given

Mospilan RP but not in mice that were given Actara 25 WG.

Keywords: Actara 25 WG, Chronic Toxicity, Insecticides Toxicity, Mospilan PP, Neonicotinoids, White Mice
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Analysis of Notifications of the Rapid Alert System
concerning Parasites in Fishery Products.

Dahani S, Bouchriti N, and Elhariri O.

World Vet. J. 11(2): 215-227, 2021; pii:S232245682100028-11; DOI:
https://dx.doi.org/10.54203/scil.2021.wvj28

ABSTRACT: Fish and fishery products are one of Morocco’s most
important export products. Fish parasitism is a natural worldwide
phenomenon. Fish parasites have a very wide distribution and are found
in both the northern and the southern hemispheres of the globe. The
present study aimed to assess parasitic infestation in fishery products by
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Dahani S, Bouchriti N, and Elhariri O (2021). Analysis of Notifications of the
Rapid Alert System concerning Parasites in Fishery Products. World Vet. J.,
11 (2): 215-227.
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analyzing notifications available in the European rapid alert system for food and feed. The analysis involved 663
notifications registered from 2001 to 2019 on the grounds of parasitic infestation. For Morocco, 651 notifications
concerning the different exported food products were analyzed. Among the 663 notifications for the presence of parasites,
161 (24.3%) were border rejections. A total number of 20 countries have been detected with the presence of parasites in
their exported fish and fish products. The main fish species concerned with this hazard were Hake (26%), Silver
Scabbardfish (10.5%), and Angler (9.3%). In Morocco, among the 651 notifications, 373 concerned with seafood
(57.2%). The number of border rejections of fishery products was 220 that is 33.8% of overall notifications. Fish and fish
products category are the most concerned with 170 rejections (26.1%), with 64 notifications due to the presence of
parasites (37.6%). The Silver Scabbardfish was the species most affected by parasite infestations (23.5%), followed by
European Anchovy (12.5%) and Swordfish (10.9%). In conclusion, the nematode Anisakis is the most common parasite in
fish infestation while the plerocercoid larvae of the Cestoda Gymnorhynchus gigas seems to have a predilection to infest
the Atlantic Pomfret (Brama brama).

Keywords: Fish, Morocco, Notification, Parasite, Rapid alert system for food and feed
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Role of Elastin Expression in Thickening the Postpartum Vaginal Wall in Virgin and
Postpartum Rat Models

Setyaningrum T, Listiawan MY, Tjokroprawiro BA, Santoso B, Prakoeswa CRS, and Widjiati W.

World Vet. J. 11(2): 228-234, 2021, pii:S232245682100029-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj29

ABSTRACT: Childbirth induces a number of alterations, including
ligament weakening and increased vaginal distensibility. The occurrence
of vaginal laxity or distensibility is associated with the vaginal wall and
introitus  overstretching during vaginal parturition while the Fba =

Role of elastin in the thickening of the postpartum vaginal wall

pathophysiology is due to increased levator dimension and trauma to the R NP

levator ani muscle through avulsion (macrotrauma) or overdistension Parous Mouse T
(microtrauma). Elastin is an extracellular matrix protein that confers

elastic properties to organs and tissues, particularly those requiring Elastin\_ | )

elasticity. Elastin plays a vital role in the functioning of numerous LRG|

tissues, such as the lungs, blood vessels, heart valves, ligaments,

tendons, and skin. It is also a component of the vaginal mucosa. The ) C

aim of the present was to evaluate the role of elastin in the thickening of

the postpartum vaginal wall composed of epithelial mucosa, and to >S5031Hm 4,458,349
understand the mechanism Underlying Vaginal |aX|ty or d|5ten5|b|“ty Elastin levels were significantly correlated with epithelial thickness

within parous and nulliparous animal models. A total of 32 female white

rats (Rattus norvegicus) were used in the present study. They were divided into two groups, each group consisting of 16
rats. The control group (C0) consisted of virgin nulliparous rats, which were sacrificed on the second day after vaginal
parturition. Pregnant rats (group C1) were sacrificed on the second day after vaginal parturition. The median elastin
expression in group C1 was higher (3 * 0.56) than group CO (2.85 % 0.75). The mean thickness of the vaginal mucosal
epithelium in group CO (56,8 931um) was greater than group C1 (44,98 349um). The comparison of vaginal mucosal
epithelium thickness between the two groups indicated a significant difference between groups CO and C1. Elastin levels
were significantly correlated with epithelial thickness. The expression of elastin significantly affects the vaginal wall
thickness, which further affects vaginal laxity or vaginal distensibility.

Keywords: Distensibility, Elastin, Vaginal wall, Animals
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Molecular Characterization of Chicken Anaemia Virus Circulating in Commercial Poultry
Flocks in Egypt during 2020

Abdelhalim A, Samir A and Yehia N.

World Vet. J. 11(2): 235-241, 2021; pii:S232245682100030-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj30

ABSTRACT: Chicken Anemia Virus (CAV) is an extremely contagious
immunosuppressive disease causing high economic losses in poultry
production. In the present study, tissue samples (bone marrow, thymus,
and spleen) were collected from 86 different broiler chicken farms
located in fourteen governorates in Egypt during 2020. They suffered
from retard growth, weakness, and a drop in egg production with an
observed mortality rate ranged 5-15%. A total of 26 samples were
positive for CAV using PCR in six governorates in Lower Egypt with a
30% incidence rate, especially in Sharkia (78%), Ismailia (62.5%), and
Alexandria (60%). The viral proteinl (VP1) gene of CAV was genetically
characterized by sequencing of 10 selected viruses in six governorates.
revealing that all Egyptian strains were clustered into two groups (A, B)
that was distinct from vaccine strains (Del-Ros, Cux-1, and 26PA) which
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were clustered in group C. The seven Egyptian viruses in this study (A-Egypt-AN1-2020 to A-Egypt-AN7-2020) were
clustered with the viruses from Japan, Argentina, and Malaysia in group A, and the other three viruses (A-Egypt-AN8-
2020, A-Egypt-AN9-2020, A-Egypt-AN10-2020) were clustered with the viruses from Nigeria, and India in group B. The
Egyptian viruses in the current study acquired new specific mutations clustering them into new subgroups (2A, 2B). By
mutation analysis comparing with Del-Rose reference strains, V751, M97L, and K139Q, E144Q were recorded in all viruses
in the group A and B. All Egyptian viruses in the current study had specific new mutations at Y13N, H22N. Moreover,
mutation at G74E in Egyptian viruses recorded in the current study was related to sub group 2A, I83V in three strains
(A/Egypt/AN1/2020, A/Egypt/AN2/2020, A/Egypt/AN4/2020), and S140A in the hypervariable region was found in four
strains (A/Egypt/AN1/2020, A/Egypt/AN2/2020, A/Egypt/AN4/2020 and A/Egypt/AN5/2020) in subgroup 2A.
Furthermore, Q139 and Q144 amino acid substitutions, which are important in viral replication, were observed in all
viruses. The field viruses in the study were distinct from the vaccinal strains by phylogenetic analysis and A.A. identity. In
conclusion, the CAV was continuously circulating in Egypt from different genotypes. It acquired new specific mutations
clustering them in a new subgroup, and it was distinct from vaccinal strains. Therefore, it is important to conduct
continuous monitoring on the genetic evolution of CAV and further studies on the pathogenicity of the virus and the
vaccine efficacy.

Keywords: Chicken Anemia Virus, Egypt, Genetic evolution, Viral protein 1 gene
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Effect of Agro-ecological Zone, Age, and Sex on Prevalence and Intensity of
Gastrointestinal Parasites in Donkeys in Maseru District, Lesotho

Nts‘aoana ME, Molapo SM, and Kompi P.

World Vet. J. 11(2): 242-248, 2021, pii:S232245682100031-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj31

ABSTRACT: Gastrointestinal parasites are considered to be silent killers
of animals. The objective of the current study was to determine the

effect of the agro-ecological zone, age, and sex on the parasite *Z ' % .
prevalence and fecal egg/oocyst count in donkeys residing in Lesotho. A ; 9 - ]
total number of 720 fecal samples were collected rectally from 120 . o

indigenous donkeys that were randomly selected from the highlands, "
foothills, and lowlands of Maseru district, Lesotho. The fecal samples
were collected every two months for one year and examined using the
floatation technique. The overall prevalence for nematodes, coccidia, and
cestodes in donkeys were 87.78%, 4.31%, and 1.53%, respectively. The
highest nematode prevalence and intensity were detected in the donkeys
of highlands. The coccidian infection was lower in the lowlands while  wsaoana me Molapo sm, and kompi P (2021).Effect of :
cestodes infection was more prevalent in the foothills. Donkey’s age had e o Gt samice ' somters n .
an impact on the nematode fecal egg load but did not affect the M Psricteome nomen s 2.
prevalence of nematodes in donkeys. Age did not significantly affect the prevalence and fecal egg/oocyst count of
cestodes and coccidia. Male donkeys had a higher prevalence and fecal egg count of cestodes. In conclusion, the
nematodes were found to be the major gastrointestinal parasites of donkeys in the Maseru district. Therefore, there is a
need to design a sustainable strategy aimed at controlling the gastrointestinal parasites in donkeys.
Keywords: Agro-ecological zone, Eimeria, Fecal egg count, Helminth, Prevalence
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Effects of Genotype and Weaning Age Interaction on Growth Traits in Rabbits

Graphical abstract

cighing 4g
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Ragab M, Mostfa SMM, El-Kholy K.H., Radwan LM, El-Shafie A, and El-Ratel IT.

World Vet. J. 11(2): 249-256, 2021, pii:S232245682100032-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj32

ABSTRACT: Weaning age is an important factor that affects the growth

and health of weaned animals. Therefore, the current experiment was

conducted to study genotype (G) and weaning age (WA) interaction

(GxWA) effects on growth traits of the animals belonged to two lines of [
rabbits (APRI and V line) reared under Egyptian conditions. Multiparous
doe rabbits were serviced to obtain 225 litters with 1800 young rabbits
at weaning. The weaning ages ranged from 26 to 43 days where the
young rabbits were weaned at different ages (=228 days, WAL1; 28 <
Treatment > 35 days, WA2; 35 < Treatment = 40 day, WA3 and 40<
Treatment, WA4). Body weight (BW) from 4 to 16 weeks of age and _

corresponding average daily gain (ADGt1-t2) were measured. The BW  BEbUNGalfuyr fivr o Sufe st o) s
significantly increased in APRI rabbits, compared to those in V line at the  2s9:25.

different ages where at the end of the fattening period, the difference

was 105 g per animal with higher ADG. Regarding the weaning age effects, positive effects were observed where the
highest BW was observed at the fattening period. The ADG of rabbits weaned in late weaning was higher than in early
weaning with significant differences. The observed results suggest the existence of relevant GXWA interaction for the
investigated traits. Therefore, the weaning age of 29-35 days is recommended for young APRI rabbits while it is
suggested to wean the V rabbits after 35 days. The study confirmed that early weaning is not preferable for the rabbit
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under Egyptian conditions and it is better to wean young rabbits at the minimum age of 30 days to achieve the best BW
and growth rate.
Keywords: Fattening period, Genotype, Growth traits, Rabbit, Weaning age
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The Effect of Dietary Inclusion of Whole Yeast, Extract, and Cell Wall on Production
Performance and Some Immunological Parameters of Broiler Chickens

El-Manawey MA, Yousif EY, Abo-Taleb AM and Atta AM.

World Vet. J. 11(2): 257-262, 2021; pii:5232245682100033-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj33

ABSTRACT: A total number of 192 male one-day-old broilers chickens Qonst sl s dhuniotions
were randomly divided into four treatment groups of 48 chickens. pathogens Enbance it bacieri 5
Chickens of group one fed a plain diet without any supplement (control), m

while the diets ib groups two, three, and four were supplemented with —aills
Whole Yeast (WY, Saccharomyces cerevisiae, 0.1%), Yeast Cell Wall
(YCW, 0.3 %), and Yeast Extract (YE, 0.07 %), respectively. At the end
of the experimental period (35 days), the bodyweight of chickens and the
feed intake of each cage were measured, and then the feed conversation
ratio was calculated. Blood samples were also collected to measure the
serum components and relative spleen, bursa of Fabricius, and thymus
gland. The results obtained indicated that all productive performance
parameters improved in response to the feeding supplementation. Blood
parameters indicated that the treated groups had a significantly higher
level of serum total protein and albumin as well as significantly lower
serum total lipids and cholesterol. The enzyme activities of ALT, AST, and ALP were significantly reduced by WY, YCW,
and YE supplementation. The relative organ weights of the spleen, bursa of Fabricius, and thymus increased significantly
in broilers fed with WY, YCW, and YE, and the highest values were observed in the chickens fed with WY. It can be
demonstrated that the supplementation of WY or its derivatives in the diet of broiler chickens improves the production
performance as well as the physiological and immunological parameters, and consequently produce a healthier chicken.
Keywords: Broilers, Immunity, Yeast, Yeast cell wall, Yeast extract

ight and crypt depth

El-Manawey MA, Yousif EY, Abo-Taleb AM and Atta AM (2021). The Effect of Dietary Inclusion of
Whole Yeast, Extract, and Cell Wall on i and Some i
Parameters of Broiler Chickens. World Vet. J., 11 (2): 257-262.
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Short Communication

The Effect of Essential Amino Acid (Lysine) in Commercial Feed of Patin Catfish
(Pangasius sp.)

Yaqgin MA, Agustono, and Lokapimasari W.

World Vet. J. 11(2): 263-266, 2021; pii:S232245682100034-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj34

ABSTRACT: The Patin catfish (Pangasius sp.) is a species of fish that is
widely cultivated both in quarantine and in ponds. The success of Patin
catfish cultivation is influenced by several factors, one of them is the

feed. Patin catfish need essential amino acids to meet their needs. The
addition of the amino acid (lysine) in the commercial feed not only affects
the metabolism of the fish but also the content of Omega-3 and Omega-6

The Effect
of Essential
Amino Acid

would be found in the fish. This study was conducted to observe the N (Clys"'e)m.l -
influences of essential lysine on the content of Omega-3 and Omega-6 of F::g:;ma ¥
Patin catfish. This was an experimental study with a completely Patia
randomized design method, consisting of four treatments and five ’ M\' Catfish

replications. The treatment which was given to experimental fish was
commercial feed with the addition of lysine at different doses. The result

indicated that the addition of lysine in commercial feed for 30 days of this research had a significant effect (p < 0.05) on
the increase in the content of Omega-3 and Omega-6 in Patin catfish meat (Pangasius sp.). Based on the results of the
current study, Patin catfish can be a good source of Omega-3 and omega 6 if the feed that is used in the cultivation

process, contains lysine as an amino acid source.
Keywords: Cultivation, Lysine, Omega-3, Omega-6, Pangasius sp.
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Detection of Coxiella burnetii (query fever) DNA by nested-PCR in beef cattle from
Ampel slaughterhouse, Boyolali Regency, middle java, Indonesia.

Nugroho EP, Setiyono A, Hadi UK, Winarsih W, and Astuti D.
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ABSTRACT: Coxiella burnetii (C. burnetii) is a Gram-negative and

obligate intracellular bacterium that causes Query fever (Q fever). The T

aim of the present study was to detect C. burnetii in beef cattle from ’ép;i} 57 M —_——

Ampel slaughterhouse at Boyolali Regency, Middle Java, Indonesia. , "ék’ ' ‘ e

Spleen, heart, liver, lung, and kidney samples were collected from 100 R e PR Co,,mo,mwk e i

cattle and used for Nested-PCR (nPCR) with four types of primers (OMP1,

OMP2, OMP3, and OMP4). Five stages of pooling extraction were Iy

performed on 100 individual samples. The nPCR amplified a 437 bp DNA ?“%"Mﬁ ' = J

fragment from the fifth pool on the sampled heart, lung, and spleen.

Furthermore, 10 individual samples from the fifth pool were re-tested by

nPCR to find out the number of positive individual samp|es_ Of 10 Nugroho EP, Setiyono A, Hadi UK, Winarsih W, and Astuti D (2021). Detection of Coxiella burnetii (query
) N . .. ) fever) DNA by nested-PCR in beef cattle from Ampel slaughterhouse, Boyolali Regency, middle java,

samples, the obtained result indicated the presence of C. burnetii DNA in  indonesia. worid vt 1, 11 (2):267-272

7 samples, 6 from Simmental cattle and 1 from Ongole cattle. Therefore,

it can be strongly suspected that there are 7 out of 100 local breed beef cattle positive of Q fever at Boyolali Regency,

Middle Java, Indonesia.

Keywords: Beef cattle, Boyolali, Coxiella burnetii, Nested-PCR, Query fever case.
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Short Communication

The Effect of Lipopolysaccharide Subunit Vaccine of Brucella abortus on Montanide ISA
70 Adjuvant on Sheep.

Seven cattle Q fever positive in Boyolali Caxiella burnetii DNA

Khusnia F, Suwarno, and Yunus M.

World Vet. J. 11(2): 273-278, 2021, pii:S232245682100036-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj36

ABSTRACT: Brucellosis is one of the most important zoonotic diseases in

the entire world. This disease results in serious economic loss and public ‘";Eﬂmdwwwwmfm-wwmw“m
juvant on

health problems. The disease is caused by gram-negative bacteria of the
genus Brucella. There is a need to perform control programs, such as
conducting a vaccination program on livestock. One of the vaccine
components that can be used is B. abortus lipopolysaccharide. The
present study aimed to find out the effect of B. abortus
lipopolysaccharide subunit vaccine in adjuvant Montanide ISA 70 against
antibody titer and interferon-gamma (IFN- y) level by administrating
different doses and different post-vaccination sampling times. B. abortus
lipopolysaccharide was used in the current study as an antigen and )
Montanide ISA 70 as an adjuvant. The samples were divided into three  knusniaF, suwarno, and Yunus M (2021). The Effect of Lipopolysaccharide Subunit Vaccine of
groupS, eaCh Containing six Sheep. in the Control group (PO), the Brucella abortus on Montanide ISA 70 Adjuvant on Sheep. World Vet. J,, 11 (2): 273-278.
samples received no treatment. In the first treatment group (P1), the samples were subjected to the injection of B.
abortus lipopolysaccharide subunit in Montanide ISA 70 adjuvant of 50 mg/ml. Regarding the second treatment group
(P2), the samples had an injection of B. abortus lipopolysaccharide subunit vaccine in 100 mg/ml. The results showed
that the administration of B. abortus lipopolysaccharide subunit vaccine in the Montanide ISA 70 adjuvant could influence
the formation of antibodies and IFN-y secretion on sheep. The administration of a dose of 100 pg/ml indicated a greater
antibody titer, compared to the dose of 50 ug/ml. The administration of the vaccine at a dose of 50 pg/ml revealed a
greater IFN-y level value in comparison with the dose of 100 ug/ml. The result of the study on IFN-y level indicated the
control group had a greater IFN-y level rather than the treatment group. In Conclusion, The administration of B. abortus
lipopolysaccharide subunit vaccine in Montanide ISA 70 adjuvant could influence the formation of IFN-y antibody and
secretion on sheep.

Keywords: B. abortus, Lipopolysaccharide, Montanide ISA 70 Adjuvant, Vaccine
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(GTG)s-PCR Mediated Molecular Typing of Zoonotic (GTG),- PCR MEDIATED MOLECULAR TYPING

Bacteria. OF ZOONOTIC BACTERIA
Babazadeh D, and Ranjbar R. =GP ¢ L) (o
World Vet. J. 11(2): 279-283, 2021; pii:S232245682100037-11; DOI: ) ’ -
https://dx.doi.org/10.54203/scil.2021.wvj37 =

ABSTRACT: The present review aimed to reveal the role of (GTG)s-PCR
microbial typing in indicating the routes and source of infections, =
investigate the outbreaks and genotypes of clinical strains, as well as -

finding virulent strains and epidemiology of bacterial isolates. All

available and published data in Google scholar, PubMed, ResearchGate, — S:ben o and fonbar  (2021). (5T6)-PCR Mediated Moleclar Typing of Zoonoic
and Science Direct during the past two decades that used the (GTG)s-

PCR method for genotyping the bacterial isolates were included in the current study. The findings have indicated that

5 . Campylobacter
tcinctobacter . species
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(GTG)s-PCR can be recommended as a possible, cost-effective, fast, and easy tool for molecular typing of bacterial
isolates.
Keywords: Zoonotic bacteria, (GTG)s-PCR, Molecular typing
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Short Communication

Effect of Lysine Supplementation in Commercial Feed on Energy Retention and Feed
Conversion Ratio of Carp (Osphronemus gouramy).

Thaiin A, Agustono and Anam Al Arif M.

World Vet. J. 11(2):284-288, 2021; pii:5232245682100038-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj38

ABSTRACT: The long period of raising carp (Osphronemus gouramy)
causes the need for excessive feed. One way that can accelerate the
growth of this fish in order to shorten the maintenance period is by the

Lysine
Supplementation in

addition of essential amino acids, such as lysine. However, this certainly Commercial Feed in
gives its own influence on energy retention. Therefore, the aim of this Carp (Osphronemus

gouramy)

study was to determine the influences of addition of lysine in feed on
energy retention and feed conversion ratio of carp. The research method
used an experimental method with a completely randomized design
consisting of five treatments and four replications. The treatments used
were the addition of Lysine 0%, 1%, 1.5%, 2%, and 2.5% to the feed.
The present experiment was conducted for a year. The results showed
that the addition of lysine as much as 2% in commercial feed Can  thaina Agustonoand Anam Al Arif M (2021). Effect of Lysine Supplementation in Commercial
increase the energy retention of carp (Osphronemus gouramy). et ey eion nd Feedc flsti pE CNE {Dsphconems it
Moreover, the addition of lysine by giving up to 2.5% cannot reduce the

feed conversion ratio in carp (Osphronemus gourami) rearing. It can be concluded that the use of lysine has different
effects related to the increase in retention and decrease conversion ratio in carp.

Keywords: Carp, Conversion ratio, Energy retention, Lysine
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Clinical and Laboratory Findings in Dogs Undergoing Adjuvant Chemotherapy with
Gemcitabine/Carboplatin Combination for Mammary Neoplasia.

Israel CB, Maués T, Ferreira AMR, and Ferreira MLG.

World Vet. J. 11(2): 289-299, 2021, pii:S232245682100039-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj39

ABSTRACT: Adjuvant chemotherapy might be indicated in some canine
mammary cancer cases due to metastatic potential. In this regard,
studies to determine adverse events following chemotherapy protocols
are valuable. The purpose of this prospective clinical trial was to evaluate
the safety and tolerability of gemcitabine and carboplatin combination in
dogs with malignant mammary tumors. For this prospective clinical trial,
21 female dogs mastectomized due to malignant mammary neoplasia
underwent adjuvant chemotherapy with gemcitabine (3 mg/kg, 60-
minute IV infusion) and carboplatin (10 mg/kg, 20-minute IV infusion)
based protocol every 21 days for three cycles. They were monitored
periodically for treatment-related adverse events by clinical and

laboratory evaluations. A total of 17 (80.9%) dogs developed S
leukopenia, 10 (47.6%) neutropenia, and 15 (71.4%) thrombocytopenia

at least once along with the three chemotherapy cycles. All these hematologic toxicities were grade 1, 2, or 3. Two
(9.5%) animals had evidence of gastrointestinal toxicity; however, clinical signs were mild to moderate (grades 1 and 2).
No dog had life-threatening adverse events (grade 4) or even died (grade 5) of treatment-related complications. The
adjuvant chemotherapy protocol with gemcitabine and carboplatin was well-tolerated and safe in female dogs for
mammary cancer treatment with self-limiting hematological and gastrointestinal adverse events.

Keywords: Adverse event, Canine, Mastectomy, Toxicity, Tumor

ion
1

[Full text-PDF] [XML] [Google Scholar]

Study of Pharmacokinetics of the Slow-release Drug in the Form of Moxidectin-Based
Solution for Dogs and Cats.

Arisova GB, Arisov MV and Stepanova IA (2021).
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World Vet. J. 11(2): 300-306, 2021; pii:S232245682100040-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj40

ABSTRACT: The pharmacokinetic characteristics of the moxidectin- e o
based drugs have been studied in the blood serum of animals after a
single oral administration of the drug at the therapeutic dose in form of
syrup. The drug is intended to control parasitic diseases of cats and i
dogs. The present studies on cats and dogs (drug administration and
blood sampling) were conducted in the experimental farm of Kurilovo, e SR TR e e
Russia, for three months. The study involved six dogs and six cats, half — =wmsnmnmuns ZE T oy
breed, aged one to four years. The samples included six dogs (four male . o e— = - ==
and two female) and six cats (three male and three female), and groups ——
were formed according to the principle of analog groups. The drug,
moxidectin, was orally administered once at the dose of 1.5 mg per one
kg of animal’s weight. The active substance of the drug was identified in
the blood serum of animals by High-Performance Liquid Chromatography
(HPLC) with fluorescence detection. The result of the current study
showed that based on the pharmacokinetics of moxidectin, the concentration of the active substance in the blood serum
after three hours reached 134.80-498.09 ng/ml in cats and 479.07-1459.40 ng/ml in dogs. The obtained results indicated
that a single administration of the drug at the recommended therapeutic dose could ensure the maintenance of
therapeutic concentrations of moxidectin in the blood, and accordingly, the protection of animals from parasites for up to
90 days.

Keywords: Cats, Dogs, Moxidectin, Pharmacokinetics, Solution

Arisova GB, Arisov MV and Stepanova IA (2021). Study of Pharmacokinetics of the Slow-release Drug in
the Form of Moxidectin-Based Solution for Dogs and Cats. World Vet. J., 10 (2): 300-306.
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The Effect of Different Dietary Energy and Protein Sources on Blood Profile of
Crossbreed Holstein Dairy Cows Raised in Small Stake Holder Farms.

Hudaya MF, Sitaresmi PI, and Widayati DT.

World Vet. J. 11(2): 307-312, 2021, pii:S232245682100041-11; DOI: https://dx.doi.org/10.54203/scil.2021.wvj41

ABSTRACT: The study aimed to evaluate the effect of protein and energy supplementation on the biochemical blood
parameters in Holstein cows. The effect of energy and protein supplementation used corn and soybean meal was
evaluated on biochemical blood profile in three groups of Holstein cows 2 ,
raised in small stakeholder farmers in Yogyakarta from February to May lucose
2020. Thirty multiparous Holstein cows were allocated to three treatment i hoestero
groups, namely TO in which the cows fed by the basal diet from the local

farmer as well as the T1 (3.5% energy and protein supplementation) and
T2 (5% energy and protein supplementation), in which the cows were fed
by added energy and protein supplementation. The diets designed for the
treatment groups were different from the basal diet by adding two

additional ingredients which were soybean meal and corn meal in
purpose to depress the stress from adaptive feeding. The results showed
that the treated cows (T1 and T2) had significantly higher serum

Hudaya MF, SitaresmiPI, and Widayati DT (2021). The Effect of Different Dietary Energy
and Protein Sources on Blood Profile of Crossbreed Holstein Dairy Cows Raised in Small
Stake Holder Farms. World Vet. J., 11 (2): 307-312.

concentrations of glucose (T1 = 2.12 £ 0.49 mmol/L, T2 = 1.86 = 0.40

mmol/L) rather than TO (0.98 + 0.48 mmol/L). The total concentration of serum protein and urea in treated cows was
significantly lower than those with the basal diet. Total serum protein and urea in T1 were 0.69 = 1.37 mmol/L and 7.21
+ 1.99 mmol/L, respectively; which they were 0.63 £ 0.06 mmol/L and 7.69 * 3.07 mmol/L in T2, compared to the TO
which were 0.82 £0.05 mmol/L and 7.69 * 3.07 mmol/L, respectively. There was no significant difference in blood
cholesterol among all treatment groups. In conclusion, the supplementations that varied in the proportion of energy and
protein intake affected some biochemical blood profiles, such as glucose, protein, and blood urea nitrogen.
Keywords: Biochemical blood parameters, Crossbreed Holstein cows, Energy supplementation, Protein supplementation,
Traditional farmers
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Editorial

The Grass Was Greener - Climate Change, One
Health, and the High Hopes to Mitigate COVID-19, 72&“‘%
Avian Influenza, and other Zoonotic Emerging om0 g e

Diseases. ) ?;odznig)ucz-moralcs Al, and Sudrez JA
Bonilla-Aldana DK, Faccini-Martinez AA, Vallejo-Timaran DA, Bocanegra-

Viteri FdeM, Ruiz-Saenz J, Paniz-Mondolfi AE, Rodriguez-Morales AJ, and

Suérez JA.

World Vet. J. 11(2): 313-316, 2021; pii:S232245682100042-11
DOI: https://dx.doi.org/10.54203/scil.2021.wvi42
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The Grass Was Greener - Climate
Change, One Health, and the High
Hopes to Mitigate COVID-19, Avian
Influenza, and other Zoonotic Emerging
Diseases.
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ABSTRACT

Avian influenza viruses (AlV) are zoonotic pathogens that can potentially affect humans and potentially be epidemic
in a region. Birds (such as poultry and wild birds) serve as potential reservoirs for these viruses, highlighting the
importance of determining AIV prevalence in the avian population. No systematic reviews have been published on
this issue in the world so far. The present systematic literature review following the PRISMA standard, with meta-
analysis, used three databases to globally assess the Influenza H5N6 infection in birds (including poultry and wild
birds). A model of random-effects meta-analysis was performed to calculate the pooled prevalence and 95%
Confidence Interval (95% CI) for the prevalence of Influenza H5N6 infection in birds. A total number of 14,605
articles published from 2015 to 2020 were retrieved. After screening the abstract/title, 37 articles were selected for
full-text assessment, and 15 were included for qualitative and quantitative analyses. Of the total number of birds (n =
13,416 birds), the pool prevalence by RT-PCR was 3.5% (95% ClI: 2.8-4.3%). From the total, 39.67% of the birds
assessed were ducks (family Anatidae), in which pool prevalence was 7.7% (95% CI: 4.4-11.0). In chickens (Gallus
gallus domesticus), the pool prevalence was 3.3% (95% CI 1.9-4.8). Vietnam was the country with the highest pool
prevalence; 7.9% (95% ClI 4.0-11.7%). Bangladesh was the country with the lowest pool prevalence of 0.4% (95%
Cl 0.2-0.7%). A considerable proportion of infected birds tested positive highlighted the relevance of individual
animals as reservoirs of H5SN6. Ducks and chickens were found to be positive by RT-PCR in over 3% of the cases.
These data suggest their relevance in maintaining zoonotic transmission and their potential implications for
epidemics and even pandemics in the near future.
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INTRODUCTION

Avian influenza viruses (AlV) belong to the Alphainfluenzavirus genus in the Orthomyxoviridae family (Lefkowitz et
al., 2018). They can be classified into Low-Pathogenic Avian Influenza Viruses (LPAIVS) with water birds as primary
host reservoirs and Highly Pathogenic Avian Influenza Viruses (HPAIVs) with poultry as the main host reservoirs
(Dhingra et al., 2018). These viruses can be brought long distances by aquatic birds, transmitted at chicken farms, and
infect naive poultry (Bi et al., 2016). Highly Pathogenic Avian Influenza Viruses (HPAIVS) remain an underlying threat
to global health and the economy. Some of these viruses carry potential pandemic risks (Swayne et al., 2017; Shin et al.,
2020; Shittu et al., 2020).

H5N6, an AlV subtype, was first isolated from mallards in 1975 (Garcia et al., 1997). This virus has continuously
evolved and reasserted to generate novel HPAIVs that have led to several epidemics incidents; in 2014, Laos and
Vietnam reported an Influenza H5N6 outbreak that killed hundreds of birds (Shen et al., 2015), possibly imported from
live poultry from China (Wong et al., 2015). In the same year, China reported the first fatal case of Influenza H5N6
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among its people (Pan et al., 2016). To date, 24 confirmed cases of human infection with influenza A (H5N6) virus have
been reported to the World Health Organization (WHO) from China since 2014 resulting in seven deaths (World Health
Organization, 2020).

Since birds play a pivotal role as natural hosts and reservoirs for this virus, a clearer understanding of bird-to-
human transmission dynamics across wild, urban, and suburban settings is essential. Thus, a systematic review and meta-
analysis of AlV were set to synthesize previously published data that assessed H1NG infection in birds using the reverse-
transcriptase polymerase chain reaction (RT-PCR). Then, this systematic review's main objective was to summarize the
frequency of Influenza H5N6 infection in birds reported in currently available observational studies. Also, it was to
examine the differences among the pool prevalence of H5NG6 infections by animal, sample, and year.

METHODS

Protocol
The present systematic review followed the PRISMA statement's recommendations (Preferred Reporting Items for
Systematic Review and Meta-Analysis, Moher et al., 2009).

Eligibility criteria

Published peer-reviewed articles that reported H5NG6 infection in birds with serological or molecular confirmation
by RT-PCR were included. The articles' language was not limited to English, and the publications were considered from
January 1, 2002, to April 1, 2020, when the search ended. The exclusion criteria included review articles, opinion
articles, correspondence articles or letters not presenting original data, and reports with incomplete information.

Information sources and search strategy

Medline/PubMed, Scopus, and Web of Sciences were used in the present systematic review. The search procedure
was accomplished using the following terms "influenza™, "avian influenza”, "H5N6", "birds", and "influenza A". These
words were used in combination while searching. Searching for this review ended on the date April 1, 2020, and a group
of four different researchers evaluated the results yielded independently.

Study selection =
o L. . ‘ PRISMA 2009 FI Di
The initial search strategy was first screened OULEAREAM

by title and abstract, as used in other systematic

FeVIEWs (ROdrIguez Morales et al’ 2020) The full Records identified through Additional records Additional records identified
text of relevant articles was examined for inclusion PubMed database identified through Scopus || through Web of Sciences

. . . . R searching database searching database searching
and exclusion criteria (Figure 1). When an article (n=14,605) (n=305) (n=47)

reported the same information from the same
patient, both reports' information was combined to

obtain complementary data, counted as a single e st
case. Observational studies that reported the
frequency of H5NG6 infection in birds were included
for quantitative synthesis (metanalysis).

| e

Screening

Records excluded due to
Records screened lack of information on
(n=39) molecular diagnosis

(n=2)
Data collection and data items l Y
. . . . R Full-text articles assessed diieto lackofint i
Data extraction questionnaires, including for eligibility e g
information on the type of articles, publishing =37 (n=22)
institution, country, year, and date of publication, l
as well as the number of infected animals assessed Stydiesinclided in
) i qualitative synthesis
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same study and resolved discrepancies about study fo=]
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studies from China, Bangladesh, Myanmar, and included and considered for the qualitative and quantitative
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Assessment of methodological quality and risk of bias

To evaluate the quality of cross-sectional studies (AXIS), the critical appraisal tool from the Quality Appraisal of
Case Series Studies Checklist of the Institute of Health Economics (IHE) was used (IHE, 2014; Downes et al., 2016).
Publication bias was measured using a funnel plot. A model of random-effects was used to calculate the pooled
prevalence and 95% ClI, given variable degrees of data heterogeneity. The intrinsic heterogeneity in any systematic
review of studies from published literature should be considered, then, also Egger's test was applied.

Statistical approach

Unit discordance for variables was resolved by converting all units into a standard measurement. The baseline data
were analyzed using Stata version 14.0, licensed by Universidad Tecnoldgica de Pereira.

The meta-analysis was performed using Stata, Open Meta (Analyst) Software, and Comprehensive Meta-Analysis
ve.3.3® licensed by Universidad Tecnolégica de Pereira, Colombia. Pooled prevalences and their 95% confidence
intervals (95% Cls) were used to summarize the weighted effect size for each study grouping variable using the binary
random-effects model, considering the sample size of individual studies. For median ages, a continuous random-effect
model was applied (DerSimonian-Laird procedure). A model of random-effects meta-analysis presumes that the effects
being estimated in the different studies are not identical but follow some distribution. For random-effects analyses, the
pooled estimate and 95% Cls refer to the center of the pooled prevalence distribution but do not describe the width of the
distribution. Often the pooled estimate and its 95% CI are quoted in isolation as an alternative estimate of the quantity
evaluated in a fixed-effect meta-analysis, which is inappropriate. The 95% CI from a random-effects meta-analysis
describes uncertainty in the mean of systematically different prevalence in different studies.

Measures of heterogeneity, including Cochran's Q statistic, the 1% index, and the tau-squared test, were estimated
and reported, as elsewhere (Rodriguez-Morales et al., 2020). The subgroup analyses (sub-meta-analyses) were performed
by diagnostic technique, animals, and countries.

RESULTS

Study selection and characteristics

A total of 14,605 articles were retrieved using the mentioned search strategy; 37 articles were selected for full-text
assessment after screening by abstract and title. The rest were excluded as not containing relevant information and data
for the systematic review. Twenty-two articles were excluded due to lack of information on molecular diagnosis, and 15
articles were finally included for the final qualitative and quantitative meta-analysis (Figure 1). Table 1 presents the main
characteristics of the included studies.

The present review included 15 cross-sectional prevalence studies published from January 1, 2015, to April 1,
2020, which most of them were from China (81%), Vietnam (9%), Myanmar (9%), and Bangladesh (3%, tables 1 and 2),
with a total of 13,416 birds assessed by RT-PCR. Three main variables (bird grouping, countries, and years) for the
meta-analyses were analyzed (Table 2). Publication bias was reviewed with a funnel plot for the standard error by logit
event, with no evidence of bias (Figure 2). Additionally, the Egger test suggested no substantial evidence of publication
bias (p = 0.568).

Individual study characteristics
The mean number of included animals for RT-PCR per study was 407, with positive rates ranging from 0 to 53.8%
(Tables 1-2).

Main findings

The RT-PCR pool prevalence for H5N6 was 3.5% (95% CI: 2.8-4.3%, Figure 3), 39.67% corresponded to ducks,
with a pool prevalence of 7.7% (95% CI: 4.4-11.0, Figure 4), 35.63% corresponded to chickens, with a pool prevalence
of 3.3% (95% ClI: 1.9-4.8), and 19.15% of them were non-specified poultry birds, with the pool prevalence of 5.1% (95%
Cl: 0.0-14.8%, Table 2 and Figure 4).

Among the countries with the highest prevalence, Vietnam and China showed no significant differences. Vietnam
with 538 animals and China with 4212 animals yielded a pool prevalence of 7.9% (95%CI: 4.0-11.7%) and 6.0%
(95%CI: 4.3-7.8%). Myanmar and Bangladesh yielded a prevalence of 1.3% and 0.4%, respectively (Figure 5 and Table
2). The year 2018 had the highest prevalence (21.2%), followed by 2019 (8.3%) and 2020 (5.0%, Figure 6 and Table 2).

148
Bonilla-Aldana DK, Holguin-Rivera Y, Cortes-Bonilla I, Cardona-Trujillo M.C., Garcia-Barco A, Bedoya-Arias HA, Patifio-Cadavid LJ, Aguirre-Florez
M, Balbin-Ramon GJ, Erazo-Arana DC, Zambrano LI, Perez-Garcia L, Rodriguez-Morales AJ, and Paniz-Mondolfi A (2021). Prevalence of Avian Influenza H5N6 in
Birds: A Systematic Review and Meta-analysis of Other Viral Zoonosis. World Vet. J., 11 (2): 146-156.



Standard Error

0,0

0,5

1,0

1,5

2,0

O O
O o 2
? i
l O§ o)
@ O
O,
1 O © d
O
<+
-8 -7 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

Logit event rate

Figure 2. Funnel-plot for the standard error by logit event rate to assess the publication bias

Studies

322016
312019
62017

13 2017
52016

18 2017
30 2015
18 2017
72017

42016

20 2017
22016

15 2017
17 2017
12 2017
25 2016
33 2020
11 2017
19 2017
14 2017
242019
212017
82017

232019
12016

262019
82017

22 2016
32016

10 2017
28 2018
27 2017
292019

Estimate (95% C,I.)

0.001
0,004
0.008
0,010
0.010
0.013
0,014
0.015
0,020
0.022
0.024
0,033
0.037
0.038
0.044
0.0486
0,050
0.050
0.056
0,063
0.071
0,071
0.075
0.079
0.082
0.095
0,102
0.103
0.104
0.138
0.212
0.472
0.538

Overall (142=91.43 % , P< 0.001) 0.035

{0,000,
10.002,
{0.005,
(0,000,
{0.000,
(0,000,
{0,000,
{0,000,
(0.014,
(0.001,
10.000,
{0,000,
{0.000,
{0.005,
{0,002,
{0.015,
{0,007,
{0.011,
{0,000,
(0.014,
{0.016,
{0,000,
{0.030,
(0,023,
(0,047,
{0.051,
(0,047,
{0.060,
{0.018,
(0,082,
(0.123,
(0. 386,
(0.267,

(0.028,

0.002)
0.007)
0.011)
0,037)
0.025)
0.030)
0.042)
0.043)
0,025)
0.042)
0.070)
0.070)
0.079)
0,070)
0.,086)
0.077)
0.082)
0.089)
0.161)
0,112)
0,125)
0.208)
0.118)
0.135)
0.118)
0.135)
0.156)
0.146)
0.191)
0.194)
0.302)
0.558)
0.803)

0.043)

n/N

1/1623
10/2375
3374138

0/50

2/191

2/156

1/70

1768
42/2153

4/1%6

1/42

3/91

3/80

5/132

4/91

8/175

5/101

6/120

1718

6/95

6/85

1714
10/134

7/89
207245
16/169
12/118
20/154

5748
207145
17/80
60/127

7/13

339/13416

¢

I T T T
04 06
Proportion

Figure 3. Forrest plot of the pooled prevalence meta-analysis of HSN6 infection in birds
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Figure 5. Forrest plot of the pooled prevalence meta-analysis of HSN6 infection in birds in terms of countries
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Figure 6. Forrest plot of the pooled prevalence meta-analysis of HSN6 infection in birds regarding years
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Table 1. Characteristics of the included studies on avian Influenza H5N1 in birds

Publication Study n Positive

Title of the study Year Years Country Place Birds Assessed Sample N ) (%) Reference
2016 2014-2015 China Hubei Turtledove Fecal 245 20 8.2
2016 2014-2015 China Hubei Duck Fecal 91 3 33
Diversity and evolution of avian influenza viruses in live poultry 2016 2014-2015 China Hubei Chicken Fecal 48 5 104 (Chen et al., 2016)
markets, free-range poultry, and wild wetland birds in China b
2016 2014-2015 China Zhejiang Duck Fecal 186 4 2.2
2016 2014-2015 China Zhejiang Chicken Fecal 191 2 1.0
Emerging Zoonotic Influenza A Virus Detection in Myanmar: 2017 2014-2016 Myanmar N/A Duck Oropharyngeal 4138 33 08 (Tun Win et al., 2017)
Surveillance Practices and Findings 2017 2014-2016  Myanmar N/A Chicken Oropharyngeal 2153 42 20
2017 2014-2015 China Hubei Duck Fecal 118 12 10.2
2017 2014-2015 China Hubei Duck Cloacal 134 10 75
2017 2014-2015 China Hubei Chicken Fecal 145 20 13.8
2017 2014-2015 China Hubei Chicken Cloacal 120 6 5.0
2017 2014-2015 China Zhejiang Duck Fecal 91 4 44
Diversity, evolution and population dynamics of avian influenza 2017 20142015  China Zhejiang Duck Cloacal 50 0 00  (Chenetal,2017)
viruses circulating in the live poultry markets in China
2017 2014-2015 China Zhejiang Chicken Fecal 95 6 6.3
2017 2013-2015 China Zhejiang Chicken Cloacal 80 3 3.8
2017 2014-2015 China Zhejiang Pigeon Cloacal 68 1 15
2017 2014-2015 China Jiangxi Duck Fecal 132 5 3.8
2017 2014-2015 China Jiangxi Chicken Fecal 156 2 13
2017 2014-2015 China Guandong CM Fecal 18 1 5.6
Highly pathogenic H5NG6 influenza A viruses recovered from wild .
birds in Guangdong, southern China, 20142015 2017 2014-2015 China Guandong PS Fecal 42 1 24 (Kang et al., 2017)
2017 2014-2015 China Guandong OMR Fecal 14 1 7.1
Shifting Clade Distribution, Reassortment, and Emergence of New
Subtypes of Highly Pathogenic Avian Influenza A(H5) Viruses 2016 2012-2015 Vietnam Vietnam Poultry Oropharyngeal 194 20 10.3  (Nguyen et al., 2017)
Collected from Vietnamese poultry from 2012 to 2015
First Detection of a Novel Reassortant Avian Influenza A(H5N6) 2019 2016 China N/A D Fecal 89 l 79
Clade 2.3.2.1c Virus, Isolated from a Wild Bird in China (hang et al., 2019)
R ' 2019 2016 China N/A YBQ Fecal 85 6 7.1

Genetic and antigenic characterization of H5, H6, and H9 avian
influenza viruses circulating in live bird markets with intervention in 2016 2014 Vietnam Thua Thien Hue Duck Fecal 175 8 4.6 (Chu et al., 2016)
the center part of Vietnam
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Publication Study Country Place Birds Assessed Sample N n Positive Reference
Year Years

Title of the study (+) (%)

Poultry trading behaviors in Vietnamese live bird markets as risk

factors for avian influenza infection in chickens 2019 2017 Vietnam northern Vietnam Chicken Oropharyngeal 169 16 9.5 (Sealy et al., 2019)

Shanghai: Chongming
2017 2016 China Dongtan, Nanhui Duck CTS 127 60 472  (Heetal., 2017)
Dongtan, Jiuduansha

Identification of two novel avian influenzas a (HSN6) viruses in
wild birds, Shanghai, in 2016

Genetics, pathogenicity, and transmissibility of novel reassortant
H5N6 highly pathogenic avian influenza viruses first isolated from 2018 2015 China Changshantou Duck OCs 80 17 21.3  (Luetal, 2018)
migratory birds in western China

First Detection of a Novel Reassortant Avian Influenza A(H5N6)

Clade 2.3.2.1¢ Virus, Isolated from a Wild Bird in China 2019 2016 China Suichuan County Wild bird TCS 13 7 53.8  (Zhangetal., 2019)
Fatal HSN6 Avian Influenza Virus Infection in a Domestic Cat and 2015 2014 China Sichuan province Wild bird Feces 70 1 14 (Yuetal, 2015)
Wild Birds in China

Detection of highly pathogenic avian influenza A(HSNG) viruses in 2019 2016-2017  Bangladesh Poultry TCS 2375 10 04  (Yangetal, 2019)
waterfowl in Bangladesh

Novel H7N2 and H5N6 Avian influenza A viruses in sentinel 2016 2014 China Jiangsu Province Chicken CcTS 1623 1 01 (Zhaoetal, 2016)
chickens: A sentinel chicken surveillance study

Novel H5N6 Avian Influenza Virus Reassortants with European 2020 2017 China Ningxia Hui Waterfowl ocs 101 5 50 (Sun et al., 2020)

H5N8 Isolated in Migratory Birds, China Autonomous Region

N: Total number assessed, n: number of positive, CM: Common moorhen, PS: Pallas's sandgrouse, OMR: oriental magpie-robin, SD: Streptopelia decaocto, YBQ: Yellow-legged button quail, CTS: Cloacal and tracheal swab, OCS:
Oropharyngeal and cloacal swabs, TCS: Tracheal and cloacal swab, N/A: Not available or reported.
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Table 2. Meta-analysis outcomes (random-effects model) (prevalences of influenza H5N6, overall and subanalyses)*
Number of Pool 95%

Subgroups Studies Prevalence (%0) Cl Q' 1 v pvalue
All the studies 15 3.5 2.8-4.3 13,416 373.460 91431 0.001 <0.001
Prevalence by Bird grouping
Ducks 11 1.7 4.4-11.0 5,322 126.786 93.86 0.001 <o0.001
Chickens 10 3.3 19-48 4,780 101.601 91.14 0.001 <0.001
Non-specified poultry 2 5.1 0.0-14.8 2,569 20.439 95.11 0.001 <0.001
Prevalence by Countries
Vietnam 3 7.9 4.0-11.7 538 5.811 65.58 0.100 0.05
China 28 6.0 43-78 4,212 298.457 90.72  0.001 <0.001
Myanmar 2 1.3 0.2-2.5 6,291 12.320 9188 0.001 <0.001
Prevalence by Years
2019 5 8.3 1.7-15.0 2,731 43.323 90.77  0.001 <0.001
2017 17 4.9 3.4-6.5 7,681 175.786 90.9 0.001 <0.001
2016 8 4.0 1.8-6.2 2,753 65.279 89.28  0.001 <0.001

* 95% Cl: 95% confidence interval. T Cochran's Q statistic for heterogeneity. 1 I? index for the degree of heterogeneity. § Tau-squared measure of
heterogeneity.

DISCUSSION

Recent studies suggest that HPAI outbreaks from 2016 to 2018 caused by novel reassortant clade 2.3.4.4 H5N6 viruses
resulted in the death of one billion birds in South Korea (Shin et al., 2020). In 2020, the clade 2.3.4.4B was reported in
Iran after complete-genome sequencing of 28 H5Nx viruses circulating in the country from 2016 to 2018 (Abdollahi et
al., 2020). In the same year, a study reported the first African case of HPAI (H5N6) virus (clade 2.3.4.4b) in a duck
identified at a live-poultry market (LPM) in Nigeria whose genome was nearly linked to the European H5N6 viruses
(2017-2018) (Shittu et al., 2020). However, as observed in the current meta-analysis, a tremendous prevalence burden
exists within the Asian continent.

The prevalence rates of H5NG6 infection using RT-PCR were reported up to 7.7%, with an upper limit of the
confidence level of 11.0% in ducks and 3.3% in chickens. Both birds (ducks and chickens) share close contact with
human beings, especially in the Asian live-poultry market (Fang et al., 2016). Ducks play a critical role in viral
preservation and dissemination throughout different settings and environments. Thus, the control of H5SN6 within LMPs
is pivotal to eradicate influenza from poultry (Chen et al., 2019; de Vries et al., 2018). The continued interaction between
humans and poultry in these settings poses a significant risk for human spillover infection and potential emerging health
threats of epidemic or pandemic proportions. The increased HSN6 prevalence in LPMs has shifted public health efforts
towards sustained LPM surveillance to retrieve relevant epidemiological information and provide early warnings of
human infection with AlV. Interventions, such as live-poultry market surveillance and closings, should be implemented
to mitigate the potential risk of infection in humans when these viruses are detected widely (Fang et al., 2016).

H5N6 Influenza is just one example of a current systematic phenomenon. The complete focus of public health
towards Coronavirus disease 2019 (COVID-19) detracts nearly all attention away from other latent but relevant
infectious diseases. As observed in the present meta-analysis, from 2015 to 2020, there has been consistent evidence of
approximately 3% prevalence rates by RT-PCR for H5N6 Influenza in birds.

In 2020, a study reported a patient infected with the avian influenza A (H5N6) virus by aerosol exposure in China
(Li et al., 2020). That case had no history of exposure to LMPs but had a record of exposure to live poultry placed in a
car with closed doors and windows. The samples collected from the patient's lower respiratory tract and remaining
frozen chicken meat were positive for the influenza A (H5N6) virus (Li et al., 2020). Earlier that year, a fatal case of
H5N6 in an obese 9-year-old Chinese girl was reported. She was initially presented with fever and coughing, and then
pneumonia, Acute Respiratory Distress Syndrome, and respiratory failure were developed. Aspirates from the lower
respiratory tract and anal swabs were taken serially in that patient up to the death. A novel reassortant H5N6 virus was
isolated, and genome sequencing and phylogenetic analysis were performed. Except for the polymerase acid protein
(PA) gene, all the other seven genes of the virus belonged to H5N6 genotype A (S4-like virus) (Chen et al., 2020). Given
these alarming cases in China, extraordinary measures should be implemented to mitigate or avoid future outbreaks of
avian influenza.
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Although the current meta-analysis found a pool prevalence of 3.5%, some selected studies reached more than 21%
(Figure 3). Considering the number of assessed birds, these findings should be considered relevant. A significant concern
is raised, even more considering that there are no effective vaccines to prevent human H5N6 Influenza infection,
although some candidates have been recently tested (Chen et al., 2019; de Vries et al., 2018). One of them, the
rDEVuUs78HA vaccine, efficiently protected ducks against challenges with isolated heterologous H5N6 and H5N8
viruses (Chen et al., 2019). Another vaccine candidate, rMVA-H5 (Clinical trials registration: NTR3401), seemed to be
effective against antigenically distinct H5 viruses (de Vries et al., 2018).

Primary prevention is critical in diseases with a high case fatality rate, typical for many HPAI infection cases (Bi et
al., 2016). H5N6 virus induces large economic losses to poultry breeding industries in developing regions worldwide,
especially in Asia. HPAI H5 clade 2.3.4.4 viruses were introduced in Europe in late 2014 and re-introduced in late 2016,
following detections in Asia and Russia (Poen et al., 2019). Recent outbreaks reported in captive Pavo cristatus in
Jiangxi Province, China, suggest avian influenza as a critical latent threat to public health (Li et al., 2019).

The present results highlighted the relevance of individual birds as reservoirs for H5N6. Ducks and chickens were
found positive by RT-PCR in over 3% of the cases, showcasing their relevance in maintaining zoonotic transmission
with the consequent risk of disease outbreaks. Additional research and enhanced LPM in China and other countries
worldwide should be promptly considered to prevent more subsequent outbreaks.
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ABSTRACT

Animal reproduction is one of the main factors limiting the efficiency of livestock production. Its optimal level is
possibly achieved when certain conditions are created for animals. As reproduction is a complex reflex process
depending on neuroendocrine regulatory mechanisms, the character and strength of stimuli, which, in turn, is due to
a number of factors. Under normal conditions, the body of animals is affected by many different factors, which are
appropriately transformed and specified by positive or negative reactions. Inhibitory factors include air pool,
saturated with harmful substances and gases, ionizing radiation, poor water quality along with altered redox
properties, hypokinesia combined with poor unbalanced feeding, systematic chronic stress, presence of toxic
substances in feed, and the deficiency of vitamins and other bioantioxidants in feed or their excessive spending. Of
the wide range of genetic and paratypic factors of negative impacts on reproductive capacity, the most common one
is alimentary, which causes impaired reproductive function due to deficiencies in the rules, regulations, and feeding
regime of animals. In particular, the alimentary can be associated with both general malnutrition (starvation) and
overfeeding (obesity). However, the alimentary form of infertility mostly occurs due to low-quality diets when the
diet lacks vital components (mainly vitamins, macro-, and micronutrients) or the quantitative ratios of the
ingredients are violated. This is possible even if the total nutritional value of the diet meets the established
requirements for the physiological needs of the body. Vitamins, micro-, and macronutrients are ecologically
deficient factors of disturbance of animal reproductive function, the influence of which is observed on all processes
of reproduction, from fertilization to the postpartum period and the preservation of young animals. The pathogenesis
of their insufficiency is associated with the violation of steroido-, gameto-, and embryogenesis and the emergence of
ante-, intra-, neo- and postnatal pathologies, respectively. Therefore, treatments and prevention measures should be
aimed at providing animals with biologically complete balanced feeding and replenishment of the body with
vitamins and minerals. However, all these issues remain incompletely studied and need further research.
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INTRODUCTION

The optimal level of procreation is possible only if certain conditions are created for animals because reproduction is an
extremely important function with a complex reflex process that depends on neuroendocrine regulatory mechanisms and
the character and strength of stimuli acting on the body (Koshovyj, 2004; lolchiev et al., 2014; Kagermazov and Taov,
2018). Under normal conditions, the body of animals is affected by many different factors, which are appropriately
transformed and manifested by positive or negative reactions. Inhibitory factors include air pool saturated with harmful
substances and gases, ionizing radiation, poor water quality along with altered redox properties, hypokinesia combined
with poor and unbalanced feeding, systematic chronic stress, presence of toxic substances in feed, and the deficiency of
vitamins and other bioantioxidants in feed or their excessive spending (Skljarov, 2017).

Currently, there is a rapid development of important sections of veterinary science, including vitaminology and
microelementology, as the main areas in the study of etiopathogenesis, as well as structural and functional changes in the
organs of alimentary-deficient nutrition. This also applies to veterinary reproductive medicine, in particular,
perinatology, mammology, gynecology, and andrology (Beleckaja and Onul, 2014; Skljarov and Koshevoj, 2016).

RESULTS AND DISCUSSION

Of the wide range of genetic and paratypic factors of negative impacts on reproductive capacity, the most common one is
alimentary, which causes reproductive dysfunction due to deficiencies in norms, rules, and feeding regimes (Bindari et
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al., 2013; Amin, 2014; Ibtisham et al., 2018). In particular, it can be associated with both general malnutrition
(starvation) and overfeeding (obesity). However, the alimentary form of infertility commonly occurs based on low-
quality diets, which means when the diet lacks vital components (mainly vitamins, macro- and micronutrients), or the
quantitative ratio among them is disturbed (Mahan and Vallet, 1997; Hovdenak and Haram, 2012; Omur et al., 2016).
This is possible even if the total nutritional value of the diet meets the established requirements for the physiological
needs of the organism (Vizner, 1976; Perevozchikov et al., 2014).

The most sensitive animals to high-quality defective feeding are the heifers and highly productive animals,
especially in the winter-spring period of stall keeping. The absence or lack of vitamins and minerals in the diet, even
with satisfactory fattening of animals, can cause violation of sexual cyclicity, disorders of fertilization and implantation,
various pathologies of pregnancy, labor, and the postpartum period (Pasynkova, 2013; Shatohin et al., 2017).

These disorders have a wide range, which can be temporary or permanent, and affect all aspects of the reproductive
process, including morphological and functional state of the self-regulatory system (hypothalamus, pituitary, gonads,
uterus), readiness and ability to develop an egg cell from maturing to physiologically determined follicles, ability and
readiness for fertilization. Which is possible during regular sexual cycles without violating the internal and external signs
of their manifestation; absence of disorders of implantation (nidation) of the embryo in the mucous membrane of the
uterus; functioning of the fetoplacental complex, fetal development, pregnancy, childbirth; the birth of a full-fledged
offspring, which itself, after directed growth, can reach sexual maturity promptly; the course of the postpartum period,;
and timing and fullness of the manifestation of sexual hunting after childbirth (Koshovyj, 2004; Skliarov et al., 2020a).

Vitamins

Vitamins are one of the most important factors influencing sexual function. Vitamins are substances of high
biological activity that are involved in all vital processes (for example, metabolic processes, immunity, hormonal genesis
and others) in the body. To date, more than 20 vitamins and vitamin-like substances have been studied, the deficiency or
absence of which leads to disorders in the body. Although animals need small quantities of vitamins, their constant lack
in the diet can lead to metabolic disorders, specific diseases, reduced productivity and product quality, as well as
impaired reproducibility (Plemjashov, 2010; Matte and Lauridsen, 2013). Vitamins play both direct and indirect roles in
the process of reproduction, especially endocrine and genital systems. Histochemistry has shown an increase in the
content of some vitamins in many endocrine organs. From this, it can be concluded that the organs associated with the
reproductive system need more of these vitamins (Vizner, 1976).

Not only the amount but also the ratio of vitamins entering the body is important for reproduction. The vitamin
requirements depend on the composition of feed, animal productivity, and depot of vitamins in the body, moreover,
vitamin requirements increase with pathological conditions and the use of drugs (antibiotics and sulfonamides) (Sidorkin
et al., 2007; Savinova et al., 2015). Hypovitaminosis is more often reported in some animals due to vitamin deficiency in
the diet or mineral imbalance in the feed affecting their metabolism and absorption (Umahanov, 2017).

Fat-soluble vitamins

Vitamin A (retinol) is the most important component for the functioning of the reproductive system, compared to
other vitamins. Therefore, retinol is rightly called the vitamin of reproduction (Hurley and Doane, 1989; Koshovyj,
2004). In recent years, the causes of insufficient supply of Vitamin A in animals and prevention measurements have
grown into a problem that is of paramount importance in herd reproduction. This issue became critical especially during
the winter stall keeping of animals because the precursor of retinol is carotene, which is easily destroyed by
environmental factors, such as temperature and humidity (Hurley and Doane, 1989; Blaner et al., 2016; Kuz'minova et
al., 2017). Vitamin A is important in maintaining the body’s resistance to adverse external and internal factors, ensuring
the normal state of the epithelium of the genital mucosa, follicular epithelium of the ovary, and secretory activity of the
uterine glands. Retinol is required for the formation of steroid and pituitary hormones, and also plays an important role in
cell differentiation during embryogenesis, and in particular the formation of the fetal immune system (Skliarov et al.,
2020b). Its deficiency causes disorders in spermatogenesis. In fact, sexual cycles are defective, implantation is disrupted,
embryonic mortality occurs, pregnancy, childbirth, and the postpartum period are complicated, and the offspring is not
very viable (Hogarth and Griswold, 2010; Gromova et al., 2019; Maia et al., 2019).

Vitamins of group D are active regulators of phosphorus calcium metabolism, providing their normal ratio in the
blood of animals (Bourdeau et al., 1986). Vitamin D deficiency is usually observed during the winter when it is difficult
to walk and isolate animals. Vitamin D becomes important for reproduction when the level of calcium and phosphorus
supply deviates significantly from the optimal rate (Brommage et al., 1990).

Information addressing the specific effects of Vitamin D on reproductive function is limited (Hurley and Doane,
1989). It is known that the level of reproduction depends on the provision of the body with Vitamin D (Luk et al., 2012).
As Gromova et al. (2017) mentioned, Vitamin D levels have a direct effect on the genitals, and an indirect effect on
stimulation of the synthesis of steroid hormones (estrogen, progesterone, testosterone) in both males and females.
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Moreover, there are convincing data on the effect of Vitamin D on many gynecological diseases (Kalinchenko et al.,
2016). Expressed D-hypovitaminosis in animals during the active growth period inhibits the development of the genitals
(Vizner, 1976), and also affects the physiology of the ovary (Irani and Merhi, 2014).

In all these cases, the inclusion of Vitamin D in the diet or its use in doses that would meet the needs of the body
can prevent possible disorders of the reproductive capacity of animals to some extent, including the duration of the
placenta, the period from calving to first insemination, and fertilization index (Hurley and Doane, 1989; Umahanov,
2017).

Vitamin E is found in almost all tissues, but especially in the uterus, testicles, adrenal glands, and pituitary gland, it
is much more than in other organs indicating the specificity of the functions of this vitamin in these organs (Vizner,
1976; Koshovyj, 2004). Vitamin E acts in the body as an antioxidant regulating the body's absorption of Vitamin A, and
fat metabolism (Hurley and Doane, 1989). In addition, it affects the activity of the anterior pituitary gland and stimulates
the production of gonadotropins (Vizner, 1976).

With E-hypovitaminosis in pregnant females, toxic products of fat metabolism are accumulated, which are harmful
to the embryo. Accordingly, the incidence of embryonic mortality, stillbirths, and non-viable fetuses are increased
(Vizner, 1976). In males, there are degenerative processes in sperm, epithelium of seminiferous tubules, reduced sexual
activity, and also various pathologies of adnexal gonads can arise (Evans and Bishop, 1922; Gullickson et al., 1949;
Hurley and Doane, 1989). In experiments on pigs, an increase in the size of the placenta and a decrease in the mortality
of piglets with the use of Vitamin E have been described, but this positive result remained unclear (Pinelli-Saavedra,
2003).

Regarding Vitamin K, there are few reports of the effects of Vitamin K on the reproductive functions in animals
(Potter, 1945; Metta and Johnson, 1960; Jacob et al., 2012). Thus, studies on rodents have reported that the concentration
of Vitamin K in the ovaries was higher than other organs, indicating its role in female reproduction (Huber et al., 1999).
Moore et al. (1942) described the cases of abortion in rabbits fed a diet deficient in Vitamin K. Vizner (1976), citing data
from Italian authors, pointed to the positive effect of Vitamin K on the reproductive capacity, which is thought to be due
to its stimulation of the production of anterior pituitary hormones. Vitamin K deficiency in breeding chickens can cause
increased embryonic mortality. However, both of these provisions are controversial. New roles of Vitamin K have been
studied, including the role of estrogen in its metabolism, which requires further research (Truong and Booth, 2011).
Baldoceda-Baldeon et al. (2014) found a positive effect of Vitamin K on the embryonic development of cattle in vitro,
particularly its addition contributed to the improvement of their morphological quality.

Water soluble vitamins

Vitamins of group B takes an active part as coenzymes in many enzymatic processes, its deficiency inhibits
specific metabolic processes. Their deficiency reveals significant disorders of reproductive function, which is consistent
with the well-known theory of the participation of enzymes in the process of reproduction (Vizner, 1976). All types of
Vitamins of group B are essential for fetal growth and development, and their deficiency causes abortion (Lewis and
Everson, 1952; Hurley and Doane, 1989).

Hertz (1946) reported the effect of Vitamin B on endocrinological aspects of reproduction. Although Vitamin B
deficiency can affect the reproductive capacity in animals, it is less potent than other vitamins. As the lack of other
vitamins, B-avitaminosis or hypovitaminosis B in practice may be relevant only for pigs and domestic fowl since they
are synthesized in the forestomach of ruminants. The uncontrolled use of antibiotics can lead to Vitamin B deficiency in
ruminants.

In severe cases, thiamine deficiency leads to impaired development of the embryonic epithelium and reduced
fertility. In roosters, there is an inhibition of testicular development and degeneration, and in chickens, it leads to ovarian
atrophy. In pigs, premature births, high infant mortality, and increased ugliness can be observed (Vizner, 1976).

Dysfunction of reproduction due to lack of riboflavin is described mainly in pigs and domestic fowl. In sows, there
may be a decrease in fertility as well as infertility due to the resorption of embryos or fetal death and the birth of low-
viability piglets. Skeletal anomalies in the fetus were also reported (shortening of various bones and fusion of ribs). In
the hens, egg-laying was disturbed, incubation qualities of eggs was deteriorated especially in the second week of
incubation (period of high embryonic activity), low-viability dwarf chickens hatched with widespread edema and
characteristic down curl leading to a high mortality rate at an early age (Vizner, 1976).

The mere violation of the synthesis of sterols and steroids due to the lack of pantothenic acid indicated its
connection with the processes of reproduction. Young pigs with pantothenic acid deficiency are useless due to
underdevelopment of the genitals or atrophy and inactivity of the ovaries. Adult females pigs are normally fertilized, but
the fetuses often die. Infertility occurs due to the resorption of embryos, and later the loss of lactation. Piglets are born
dead, underdeveloped, or poorly viable. In poultry, a decrease in the content of pantothenic acid in eggs due to its lack in
the diet is associated with a decrease in hatchability. Chickens are unable to hatch from their own eggs and remain in the
shell. Egg-laying is also disturbed (Vizner, 1976).
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Sows that do not receive or receive little choline from feed, give birth to low-viability piglets, most of which have
gonadal abnormalities and low live weight before weaning. Regarding breeding chickens and laying hens, reduced egg
production, often the expulsion of some yolks and increased mortality of chickens were often observed (Vizner, 1976).
Vitamin By, deficiency is associated with adverse effects on mothers and newborns, including developmental
abnormalities, miscarriages, preeclampsia, and low birth weight (Reznikoff-Etiévant et al., 2002; Finkelstein et al.,
2015).

In the absence of cyanocobalamin, pigs and domestic fowl are particularly affected by reproductive disorders, in
which their own synthesis of Vitamin By, does not meet the requirements. At the same time, Vitamin By, supplements
can reduce embryonic mortality, and increase the vitality of newborn piglets. In domestic fowl with Vitamin By,
deficiency, egg production was disturbed with a decrease in the incubation qualities of eggs, and there was a report of
increased embryonic and post-embryonic mortality as well as a decrease in the ability to hatch (Luck et al., 1995).
Hatched chickens had partial disorders in bone development. Instead, ruminants with sufficient intake of cobalt in the
feed do not need Vitamin B, supplements due to their ability to synthesize it in the required amount (Vizner, 1976).

Vitamin C (ascorbic acid) is an active stimulant of metabolism, participates in blood clotting, stimulates the
phagocytic activity of leukocytes, reticulocyte system, and the formation of antibodies, and increases the body’s defenses
against infection (Hurley and Doane, 1989). Ascorbic acid is found in all tissues of the body, but in the pituitary gland,
adrenal glands, and ovaries, it is much more than in the blood. This suggests that Vitamin C is required for the
functioning of these incretory glands associated with animal reproduction. Ascorbic acid has long been associated with
fertility, but any consistent study of the mechanism of its action on the reproductive organs has not been conducted
(Briggs, 1973; Millar, 1992).

Three main functions of ascorbic acid that may explain its reproductive effects are considered, namely its
promotion of collagen synthesis, its role in hormone production, and its ability to protect cells from free radicals. It can
be concluded that ascorbic acid is a key compound in the physiology of the gonads, which requires further research, and
that a reassessment of its potential clinical significance in the treatment of various types of male and female infertility
will be timely (Luck et al., 1995). It is believed low blood ascorbic acid can lead to some functional disorders in the
genitals of cows, especially the ovaries. Although some researchers claim that Vitamin C supplements can increase the
fertility of ruminants, there is no experimental evidence (Koshovyj, 2004). Other reports have indicated the effects of
ascorbic acid on gonadotropic hormone activity (Di Cio and Schteingart, 1942) and male fertility (Dawson et al., 1990).
With a normal supply of Vitamin C to the body, a positive effect on the activity of gonadotropic hormones and male
fertility is expected. In the case of insufficiency, these processes reduce their activity.

Ascorbic acid is one of the vitamins of the so-called antioxidant complex, similar to Vitamins A and E. With such a
combined vitamin deficiency, it disrupts not only sexual cycling but also the emerging dysbiotic processes in the
biotopes of the reproductive tract, which are known to be predictors of inflammatory diseases of the internal genitals, and
can threaten the loss of reproductive function (Golovanova and Strokova, 2011). In this regard, there are reports of
beneficial effects of parenterally administered ascorbic acid in various forms of infertility in cattle. Thus, the introduction
of this vitamin 1-2 times a week at a dosage of 1-2 g per 500 kg of live weight could increase the sexual activity of
young bulls. In the pituitary gland, adrenal glands, as well as in the testicles and ovaries, Vitamin C is much more than in
the circulating blood. The content of Vitamin C in semen clearly correlates with its quality. Its presence in the above
endocrine glands leads to the conclusion that ascorbic acid is necessary for the normal functioning of the most important
incretory organs associated with the reproductive system (Vizner, 1976).

Although all vitamins affect reproduction, Vitamins A, D, and E usually play a dominant role. Thus, the use of
vitamin supplements in the dry and postpartum periods of cows had a positive effect on their reproductive function and
viability of obtained calves. Administration of Vitamin A, trivitamin, or tetravit oil for dry cows in the second half of the
winter stall period significantly reduced the number of postpartum diseases, shortened the period of placenta separation,
increased the fertility from the first insemination, contributed to the reduction of early embryonic mortality, reduced the
service periods and the periods between calving, and reduced the percentage of the diseases in newborn calves (Manalili
and Bernardo, 1996; Weiss, 1998).

Research by Umahanov (2017) indicated the possibility of preventing early embryonic losses and improving the
results of insemination of cows by injection of Vitamins A, D, and E in the first days after calving. Adding a complex of
mentioned fat-soluble vitamins to the feed for 1.5-2 months before calving and one to two months after calving provided
a reduction in the incidence of placental retention and the occurrence of postpartum genital diseases, accelerated the
onset of hunting, increased the effectiveness of insemination of cows, reduced the period between calving, and sharply
decreased the morbidity rate of calves.

Minerals
The influence of minerals (macro- and microelements) on metabolic processes can be judged from the
consequences that arise from insufficient or excessive intake by animals. These effects are multifaceted and
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characterized by varying degrees of intensity (Christian, 2003). Among them, it is necessary to allocate the disturbance
of reproductive ability of animals, reduced viability of newborns, dysfunction of organs and systems and the occurrence
of nutritional diseases, reduced animal productivity, insufficiently nutrient diets, and increased feed costs for product
formation (Bohstedt, 1942; Malysheva, 2007).

Animals are in need of minerals. In addition to sufficient intake, their certain ratio among themselves is also
required. The value of individual inorganic substances for reproduction varies, but most of them are clearly defined.
Usually the lack of not one, but several elements is registered (Vizner, 1976; Ramakrishnan et al., 1999; Christian,
2003).

About 70 chemical elements were found in the tissues and organs of animals. Minerals according to Koshovyj
(2004), made 4-6% of the live weight of animals. Calcium and phosphorus are so closely associated with a metabolism,
and have many common interactions that need to be considered in conjunction (Ruan et al., 2007). In addition, the
symptoms of calcium deficiency are partially similar to the symptoms of phosphorus deficiency (Vizner, 1976). To date,
there is no evidence that calcium and phosphorus imbalances have a significant effect on reproductive function, but at
the same time, changes in the Ca/P ratio may affect ovarian function (Yasothai, 2014).

If the reserves of calcium and phosphorus are scarce or already depleted, the activity of the gonads is disrupted, as
the breast has an advantage in the order to supply minerals. This causes violations of the sexual cycle and fertilization,
due to which the period between calving is prolonged, and the animal remains temporarily infertile. The period of rest of
sexual functions is maintained until the lack of minerals is compensated, accordingly, the conditions for the
physiological course of sexual functions for fertilization and subsequent formation of the zygote in the uterus will not be
created. Another situation is observed until the end of lactation. When milk production decreases and the body’s mineral
balance is restored by consuming foods with adequate calcium and phosphorus, the required amounts of these elements
are used to, and thus, re-create the conditions for normal sexual activity (Vizner, 1976).

The decrease in reproductive capacity observed in phosphorus deficiency should be considered as a consequence of
general metabolic disorders, especially lack of energy, as acquired by the neuroendocrine system, the syndrome of
adaptation to poor feeding conditions. Thus, phosphorus deficiency significantly reduces the body's resistance to
infectious diseases, fatness, feed intake, and the ability to transform carotene into Vitamin A, which can cause infertility
(Vizner, 1976). Calcium and phosphorus deficiency or their impaired ratio leads to anaphrodisia or defective sexual
cycles and other reproductive disorders (Hurley and Doane, 1989; Seyfi et al., 2005; Ruginosu et al., 2011). Their
connection with Vitamin D is especially important for reproductive processes (Vizner, 1976; Sun et al., 2015).

Although none of the mineral elements has a strictly specific effect on the function of reproduction, phosphorus,
based on its outstanding role in the intermediate metabolism, is still effective in the reproduction process. When
comparing the mineral status of an animal with normal and reduced reproductive capacity, phosphorus deficiency is
always found in the diets of the latter (Koshovyj, 2004). It has been reported that low phosphorus consumption caused a
decrease in ovarian function, delayed puberty, and low fertility rates (Yasothai, 2014).

During sexual hunting and heat in the midbrain, pituitary gland, and ovaries, the organs that control sexual function
and phosphate metabolism increase (Hurley et al., 1982; Tallam et al., 2005). Sperm also has a lot of phosphorus-
containing proteins. The assumption of the existence of diseases associated with phosphorus deficiency is made. In
particular, the connection between phosphorus deficiency and cattle disease, accompanied by ataxia, spastic paralysis,
and severe reproductive disorders was noted by Vizner (1976).

Vizner (1976) summarized the results and generalizes the negative impact of phosphorus deficiency in cows on the
manifestations of their reproductive capacity after a general analysis of literature reports. Infertility caused by
phosphorus deficiency can be eliminated by providing the body with this element — with food or by introducing
phosphorus-containing drugs (Koshovyj, 2004).

However, some other observations and research results have indicated that reducing the amount of feed by 30%
leads to a sharp decline in reproductive capacity in the absence of a difference in the level of phosphorus (Vizner, 1976).
Pregnant were those animals that later died from phosphorus deficiency or showed clinically pronounced bone changes.
Prolonged keeping of animals on deficient diets for phosphorus has led to a marked inhibition of their development and
growth, but the rhythm of sexual cycles has not changed. The study of the uterus and ovaries, conducted after the
experiments, has not indicated an adverse effect of phosphorus deficiency on genital function. This indicates an indirect
relationship between phosphorus levels and reproductive dysfunction.

Calcium is essential in mammalian breeding conditions (Baczyk et al., 2011; Correia et al., 2015; Kornbluth and
Fissore, 2015). First, it promotes critical processes of individual development, such as skeletal formation and
mineralization, lungs, kidneys, and neural circuits (Leclerc et al., 2011; Riccardi et al., 2013; Kovacs, 2015). Similar to
phosphorus, this mineral is most often associated with reduced fertility in highly productive dairy cows. Calcium
violation (deficiency) is usually common during childbirth or for several days after it. Negative calcium balance in the
first third of lactation often occurs due to the use of its reserve during pregnancy. This can cause a sharp decrease in
serum calcium, which will create conditions for postpartum paresis (Yasothai, 2014). Catt et al. (1985) found that the
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processes of activation of gonadotropin secretion receptors strongly depend on the level of calcium supply. The
connection between the level of calcium metabolism and reproduction in poultry was revealed (Simkiss, 1961; Luck and
Scanes, 1979). Vizner (1976) concluded that some forms of infertility in cows can be eliminated by introducing carbon
dioxide into the diet of animals, and by injecting calcium gluconate.

The biological role of magnesium is multifaceted, as it is an essential element of many biochemical processes.
Magnesium plays an important role as an enzyme activator, and usually has no direct effect on the reproductive status of
animals (Linlin et al., 2013). However, its deficiency is associated with some gynecological pathologies and often leads
to serious complications of pregnancy (Gromova et al., 2008). Sufficient provision of the mother's body with this
important element creates the basis for full fetal development and the birth of healthy offspring. The need of a pregnant
females’ organism for magnesium often exceeds its supply, and this fact allows researchers to consider the pregnancy as
a physiological model of hypomagnesemia. Therefore, magnesium deficiency during pregnancy can cause adverse
effects on both mother and fetus, impaired embryo implantation, placental pathology, threatened abortion, premature
birth, and weakness of labor were taken into consideration (Dadak, 2013; Rosner et al., 2016).

Jeong et al. (2018) found a positive relationship among serum magnesium concentration, peri and postpartum
disorders, and reproductive performance in dairy cows. There are increasingly recent data on the regulatory role of
magnesium on hormonal, namely on the reproductive function of the body (Strizhakov et al., 2009). Thus, Chandra et al.
(2013) described the apparent beneficial effects of magnesium on the male gonadal system, including testicular
histology, steroidogenesis, and spermatogenesis. Maggio et al. (2011) found a significant direct relationship between
magnesium levels and serum testosterone levels. However, information about the mechanism of this dependence in the
scientific literature is not enough. In the body, magnesium remains antagonistic to calcium, and any disturbances in the
homeostasis of calcium-phosphorus-magnesium may have some effect on the reproduction (Yasothai, 2014).

Potassium plays an important role in the excitation of nerve and muscle tissue and is involved in carbohydrate
metabolism. It maintains normal osmotic pressure and is of great importance in the processes of water metabolism. In
addition, potassium specifically affects the activity of many enzymes (Koshovyj, 2004). Potassium iodide has a positive
effect on the functional activity of the reproductive system. Potassium iodide preparations have a protective effect for the
prevention of pathologies of pregnancy and the treatment of breast diseases (Pan'kiv, 2016).

Pavlova et al. (2014) established the undoubted positive effect of potassium humate on the reproductive system and
determined that even exposure to it generally leads to positive biological consequences. This was manifested in males in
an increase in the mass ratio of testes; reduction of pathological forms of sperm, and in females - in the reduction of
atretic ovarian bodies, and an increase in the number of mature follicles. Karow et al. (1992) noted the positive effect of
adding K* to media for sperm survival. Brainard et al. (2007) indicated the role of potassium ion channels in the
regulation of myometrial tone during pregnancy. In particular, during gestation, potassium channels support the uterus at
rest, promoting membrane resting potential and counteracting contractile stimuli.

Concerning the effect of potassium on reproductive function, Vizner (1976) reported that during heat or after
estrogen administration to spayed animals, the potassium content in the endometrium increases, and the sodium
concentration decreases. The introduction of progesterone causes the opposite effect meaning that a decrease in
potassium levels and an increase in sodium content were noted. Although no direct effect has been identified, it should
be assumed that these sex-related changes affect animal reproduction.

Sodium is needed to build new body tissues and plays an important role in water metabolism. An important
function of sodium in the body is to maintain normal osmotic pressure in body fluids. This element is the main cation
that determines the amount of reserve alkalinity of blood plasma and acid-base state of the body (Koshovyj, 2004).

Sodium deficiency can cause placental retention in cows and sexual rhythm disorders (Vizner, 1976). Beljaev et al.
(2007) showed that the use of sodium selenite helps to improve the reproductive functions of sows. The results of the
research by Posohova (2004) indicated a beneficial effect of sodium humate on the condition of animals, particularly in
pregnant individuals, which is manifested in the improvement of their reproductive function, the development of more
complete offspring.

The sodium humate has a positive effect on the reproductive function of cows in the postpartum period, in
particular, its use can reduce the level of prenatal and postpartum complications, facilitate the course of labor, and
increase the safety of offspring (Ushkalov, 2001; Bezuglova and Zinchenko, 2016). An important role in metabolism
belongs to micronutrients, the deficiency of which differently affects the function of individual organs, including the
genital organs (Smith and Akinbamijo, 2000; Ballantine et al., 2002; Ojha, et al., 2018). In biogeochemical provinces
where soil, water, and feed are poor in iodine, manganese, copper, zinc, cobalt, and selenium, animal infertility is often
observed (Corah and Ives, 1991; Ermakov et al., 2012).

lodine is actively involved in the functions of all female genitals. The process of reproduction is significant
metabolic stress in the genital organs, which can lead to acute iodine deficiency (Abdul-Fadle and Ayoub, 1970;
Koshovyj, 2004). lodine affects the synthesis of thyroid hormones, the activity of which during estrus is higher than in
other phenomena of the sexual cycle (Yasothai, 2014). Therefore, signs of iodine deficiency are delayed puberty,
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suppressed or irregular estrus (Puls, 1994). lodine is also important for fetal development (Yasothai, 2014). Infertility,
abortion, placental delay, stillbirth, or low viability have been reported in animals with iodine deficiency (Keen and
Hurley, 1989). However, by adding iodine to the diet, these pathological processes can be eliminated relatively quickly
(Vizner, 1976; Koshovyj, 2004).

Cobalt is a trace element that the body needs in such small quantities, but its functional impact is significant. The
physiological role of cobalt is diverse, and infertility due to hypocobaltosis is likely to occur as a secondary consequence
of impaired overall metabolism (Yasothai, 2014). Hypocobaltosis disrupts the synthesis of nucleic acids, muscle
proteins, the activity of hydrolytic enzymes which causes delayed puberty, reduced fertility, abortion, hypofunction and
subinvolution of the uterus, retention of placenta, and the birth of animals with reduced vital activity (Puls, 1988; Hurley
and Doane, 1989).

Copper is also considered an important mineral for reproduction (Yasothai, 2014). It is involved in several enzyme
structures, and is an integral component of redox processes and carbohydrate metabolism, the level of which affects the
reproductive function and activity of sex hormones (Hurley and Doane, 1989). The activity of some endocrine glands is
associated with the presence of copper, in particular, the formation of hormones in the pituitary gland that stimulate the
function of the gonads (Koshovyj, 2004). Copper deficiency is manifested mainly in reproductive disorders of females,
particularly in the embryonic and neonatal periods of development. Reviewing the works of numerous authors has
indicated that copper deficiency in cows has a negative effect on reproductive function, such as defective sexual cycles,
arrhythmia, reduced fertility, embryo resorption, delayed placenta, the birth of calves with low vital activity (Vizner,
1976; O’Dell, 1990). Furthermore, the addition of copper improves sperm quality (Puls, 1988; Yasothai, 2014).

Manganese is a part of many enzymes promoting the action of various vitamins. Manganese is necessary for the
development and functioning of the reproductive system of animals since it accumulates in large quantities in the adrenal
glands, ovaries, and uterus, especially during pregnancy (Vizner, 1976). Manganese deficiency inhibits the puberty of
animals, the growth, development, and maturation of follicles in females, as well as irregular sexual cycles or prolonged
periods of anestrus and abortion (Brown and Casillas, 1986; Corah, 1996; Yasothai, 2014).

Manganese deficiency was observed mainly in ruminants, birds, and less often in pigs. In ruminants, they are
characterized by low fertility, abortion, and other disorders of reproductive function. With manganese deficiency in the
body, there is a slowdown in sexual development in females, and the birth of calves with various abnormalities
(Koshovyj, 2004). Manganese is important in the synthesis of cholesterol (Keen and Zidenberg-Cheer, 1990), which in
turn is required for the synthesis of steroids such as progesterone, estrogen, and testosterone. Decreased concentrations
of these steroids in the circulation due to manganese deficiency can lead to related reproductive pathology ('Yasothai,
2014). Summarizing the above, it can be maintained that manganese plays a significant role in the body and that the
deficiency of this element in the diet leads to significant violations of all parameters of reproduction (Plumlee et al.,
1956; Hurley and Doane, 1989). Molybdenum belongs only to the micronutrients that are conditionally necessary for
animals (Wirth and Mijal, 2010). Zhai et al. (2013) found a positive effect of molybdenum on human sperm quality,
Zhang et al. (2013) reported the good quality of oocytes, and Bi et al. (2013) revealed findings about the impact of
molybdenum on the development of preimplantation embryos. Reproductive disorders due to molybdenum deficiency
are described, in males as decreased libido, impaired spermatogenesis, and sterility, and there were reports of delayed
puberty, reduced fertility, and anestrus in females (Yasothai, 2014). However, molybdenum deficiency is a rare
phenomenon, and its excess with toxic effects is more often registered (Corah and Ives, 1991).

Selenium is involved in aerobic oxidation by regulating the rate of redox reactions and is considered an essential
biologically active microelement. It is effective in treating many diseases and infertility in animals (Mehdi and Dufrasne,
2016). In addition, it regulates the absorption and consumption of Vitamins A, C, K, and, especially Vitamin E, in the
body, enhancing their effect. In terms of its effect on the body, this microelement is similar in its effect on Vitamin E. It
is believed that the mechanism of action of Vitamin E and selenium on the fertility and reproductive health of animals is
based on the detection of antioxidant properties of these compounds. By protecting cells from reactive oxygen species,
Vitamin E and selenium prevent damage to sperm, ovicells, and embryos, and are involved in supporting the immune
function of animals (Hurley and Doane, 1989; Gabryszuk and Klewiec, 2002; Albanes et al., 2014).

The safety margin (difference between a normal requirement and toxic dose) for selenium is so narrow that its
deficiency in farm animals is quite rare than its toxicity, but causes weak, latent, or irregular estrus, early embryonic
mortality, birth of weak offspring, and abortions in females, inhibition of spermatogenesis and deterioration of sperm
quality in males (Hurley and Doane, 1989; Yasothai, 2014; Ojha et al., 2018). Selenium deficiency in diets leads to
resorption of embryos, delayed placenta, infertility, and mastitis. There is evidence indicating that selenium deficiency
increases the frequency of abortions (Hedstrom et al., 1986). The use of selenium drugs reliably prevents these
pathological processes (Giadinis et al., 2016; Khalili et al., 2020).

Among the essential microelements, a special place is occupied by zinc, which is present in all cells of the body,
and participates in various metabolic processes in the active centers of more than 200 enzymes (Prasad, 2003; Beleckaja
and Onul, 2014). Zinc is necessary for the body for the respiratory process, activating the function of many enzymes,
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affecting the metabolism and activity of sex and gonadotropic hormones of the pituitary gland, and playing an important
role in optimizing fertilization and reproduction of animals (Koshovyj, 2004). Zinc is known to be important in puberty
(development of secondary sexual characteristics), reproductive capacity in males (gonadal cell development and sperm
quality), and all reproductive events (heat, pregnancy, and lactation) in females (Maas, 1987). In addition, zinc plays a
crucial role in the restoration and maintenance of the uterine mucosa after childbirth and the early period of return to
normal reproductive function and estrus (Greene et al., 1998; Yasothai, 2014). A large number of studies have described
the effect of zinc deficiency in males, in particular, its importance for normal spermatogenesis and steroidogenesis (Keen
and Hurley, 1989). Zinc is also involved in the gestational health of the newborn and mother, and its deficiency is a
factor in the increased risk of placental abruption, premature rupture of membranes, premature birth, and weakness of
labor (Jameson, 1993; Scholl et al., 1993; Christian, 2003). In addition, its insufficiency leads to suppression of gonadal
function and estrogenic activity. This condition in animals causes a decrease in reproductive activity although it has been
reported infrequently (Jameson, 1976; Keen and Hurley, 1989).

The value of cadmium for reproduction should be sought primarily in its antagonistic action on zinc. An even
stronger antagonism is attributed to cadmium relative to copper, a deficiency of which is noted for cadmium overdose
(Vishnjakov and Lebedev, 2011; Zhegalova et al., 2018). However, as theory and practice show, cadmium toxicosis of
alimentary origin in animals is unlikely (Vizner, 1976). In addition, there is a piece of evidence to negate the negative
effects of cadmium on reproductive function (Lafuente et al., 2002). Moreover, the results of research by Thomas (1993)
suggested that cadmium can have a direct effect on the level of the pituitary gland by altering gonadotropins. The data of
Lafuente et al. (2003) declared that cadmium differently affects the secretory mechanisms of the studied pituitary
hormones depending on the dose. Keck et al. (1995) found no significant correlation between sperm cadmium
concentration and normal sperm parameters or between cadmium concentration and fertility status.

Iron deficiency anemia is a well-known risk factor for pregnancy complications, such as intrauterine growth
retardation and fetal development, preterm birth, low birth weight, postpartum hemorrhage, maternal and infant mortality
(Baker, 2000; Georgieff, 2020). In the first months of life, the main source of iron for a neonatal animal is the iron
transferred via the utero of the mother to the fetus, so a pregnant female must receive a sufficient amount of this
microelement (Cetin et al., 2010; Berger et al., 2011; Caserta et al., 2013). Data from Murray-Kolb and Beard (2009)
suggested that iron deficiency in the mother adversely affects the mother-child interaction, and iron supplementation
protects them against these adverse effects.

Saliy et al. (2013) noted the importance of iron deficiency in the formation of reproductive disorders in
hypothalamic dysfunction of puberty, the extreme expression of which is the hypothalamic syndrome of puberty, leading
to infertility and miscarriage in the reproductive age. Saliy et al. (2013) noted that this nature of the changes may have
clinical and diagnostic value in assessing the severity of the reproductive dysfunction in this pathology. Siemons and
Mahler (1987) reported the role of iron deficiency in the development of hypogonadotropic hypogonadism, manifested
by a lack of libido and aspermia. The use of iron supplements helped to restore reproductive function.

Chromium is one of the "young" microelements, as its functions in the animal body are still not fully disclosed, but
the undeniable importance of this element for health has been proved (Kisljakova and Lomaeva, 2017). Chromium is a
vital microelement that is a constant component of cells of all organs and tissues, one of the functions of which is to
participate in the regulation of fat synthesis and carbohydrate metabolism. Increased costs are observed during
pregnancy, and one of the main manifestations of its deficit is a violation of the reproductive function in males (Reutina,
2009). In particular, Anderson and Polansky (1981) reported that male chromium-deficient rats had reduced sperm and
sperm cell counts and reduced fertility.

Chromium has a significant effect on follicle maturation and the release of luteinizing hormone (Sheela and Ajay,
2004). In addition, chromium enhances the effects of insulin by increasing the absorption of glucose and amino acids
through the body’s cells, and thereby, improving energy balance, which leads to improved reproductive function
(Stoecker, 1990). It is confirmed that the addition of chromium propionate to the basic diet of cows can improve the
reproductive functions of animals, in particular, to reduce the percentage of abnormal births, cases of the delayed
placenta, and the duration of the service period (Kisljakova and Lomaeva, 2017).

The data obtained by Serjakov and Judina (2014) indicated that the introduction of sows into the diet could increase
fertility, litter weight at birth, average live weight of piglets at birth, milk yield, weight of piglets, and litter during
weaning and storage of piglets during suckling.

CONCLUSION

Thus, vitamins, micro-, and macroelements are alimentary-deficient factors of disturbance of reproductive function of
animals, the influence of which is observed in all reproduction processes, from fertilization to the postpartum period and
the preservation of young animals. The pathogenesis of their insufficiency is associated with a violation of
steroidogenesis, gametogenesis, and embryogenesis and the emergence of ante, intra, neo, and postnatal pathologies.
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http://repository.hdzva.edu.ua/simple-search?query=%D0%9E%D0%BD%D0%B8%D1%89%D0%B5%D0%BD%D0%BA%D0%BE&sort_by=score&order=desc&rpp=10&etal=0&filtername=author&filterquery=Onyshchenko%2C+Oleksandr+Vyacheslavovich&filtertype=equals

Therefore, treatment and prevention measures should be aimed at providing animals with biologically complete balanced
feeding and replenishment of the body with vitamins and minerals. However, all these issues remained incompletely
studied and further research of their impact on the manifestation of animal reproductive functions are needed.
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ABSTRACT

Bats are a group of mammals that harbor the most significant number of coronaviruses. The aim of present review
article was to analyze the broad spectrum of the coronavirus coexisting in Chiropterans hosts. Bats have certain
types of cell receptors that allow them to be the potential hosts of a large number of viruses without the presence of
any clinical manifestations, and to be a source of contagion infections for other animals and human species.
Emphasis can be placed on five coronaviruses, such as Porcine Epidemic Diarrhea Disease, Severe Acute Diarrhea
Syndrome, Middle East Respiratory Syndrome, Severe Acute Respiratory Syndrome, and Severe Acute Respiratory
Syndrome 2, which have had significant impacts causing epidemic outbreaks in different parts of the world, and
generating implications for both human and animal health. In conclusion, recent research indicated the importance of
bats as potential hosts of multiple coroaviruses leading to some zoonotic diseases.
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INTRODUCTION

Bats are a group of mammals that harbor the most significant number of coronaviruses. Coronaviruses are an extensive
family of enveloped RNA viruses, having the ability to infect many species of animals and human beings (Bonilla-
Aldana et al., 2020a; Bonilla-Aldana et al., 2020b; Bonilla-Aldana et al., 2021). The types of coronaviruses with high
pathogenicity include Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV), Middle East Respiratory
Syndrome (MERS-CoV), and the most recent one named SARS-CoV-2 (Bonilla-Aldana et al., 2020a; Bonilla-Aldana et
al., 2020b; Bonilla-Aldana et al., 2020f). One of the existing hypotheses given by the co-evolutionary history of bats and
virus classes is a bat-virus relationship, which allows both to exist in constant equilibrium, managing to survive together
(Banerjee et al., 2018; Wong et al., 2019; Basu-Ray et al., 2020). Bats have diversified cell types and receptors.
Therefore, the bats can be potential hosts of many viruses, and thus the spread of viruses increases the possibility of
transmission (Bonilla-Aldana et al., 2020c; Bonilla-Aldana et al., 2020d).

Interactions among bats with other animal species and humans can be critical factors for the transmission of
coronaviruses, leading to devastating pandemics that affect the whole world (Bonilla-Aldana et al., 2020e; Dhama et al.,
2020a; Dhama et al., 2020b). A great example of bat-human interactions occurred in China and Vietnam's restaurants
and wildlife markets where zoonotic transmission of viruses has occurred (Wong et al., 2019; Huong et al., 2020).
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BIOLOGY OF BATS

Taxonomy

Bats are among the most diverse mammal order, second after rodents, with a complex taxonomy that is still under
study because of conflicting phylogenetic relationships in light of new genetic data, especially at lower taxonomy levels
(Amador et al., 2018). These mammals from the order Chiroptera with more than 1400 species share the evolutive
characteristic of forelimbs adapted as wings. They were traditionally divided into macro and micro Chiroptera, assuming
an independent evolution. However, recent DNA sequence data suggested that megabats (Macrochiropetara) originated
during the early Eocene, and shared genetic material with microbats (Tsagkogeorga et al., 2013; Solari et al., 2019). The
new proposed suborder is Yinpterochiroptera, including Pteropodidae (megabats) and Rhinolophoidae (horseshoe bats
and megadermatidae or false vampire bats). The other suborder is Yangochiroptera (also known as Vespertilioniformes),
and is composed of most of the microbat families; echolocation and eating habits evolution are one of the characteristics
used in this new classification (Teeling et al., 2000; Eick et al., 2005).

The oldest fossil record of the modern bat ancestor is Onychonycteris finneyi, which dated back to the early Eocene
(approximately 52.5 million years ago, as a part of the Tertiary Period Cenozoic Era) from the Green River Formation of
Wyoming, USA. This fossil proves a piece of evidence that bats evolved the ability to fly before echolocation (Simmons
et al., 2008). Currently, the order Chiroptera is composed of more than 1400 species, and various species can evolve
together with different viruses. Members of both suborders act as reservoirs or susceptible hosts for several zoonotic
viruses that are highly pathogenic in humans (Calisher et al., 2006; Moratelli and Calisher, 2015a; Banerjee et al., 2018).
Without causing clinical disease in natural or experimental bats, these flying mammals vary widely in size, shape, and
mass, with species weighting from two grams (Craseonycteris thonglongyai) to even one kilogram (Acerodon jubatus).
They are distributed in the world on all continents except Antarctica (Banerjee et al., 2018; Wong et al., 2019).

Their biological diversity is as complex as their taxonomy and their feeding habits range from frugivorous
(megabats) to insectivorous, carnivorous, and hematophagous in the Yangochiroptera suborder (Solari and Baker, 2007,
Banerjee et al., 2018). They are nocturnal mammals, with one or two peaks of activity during the night; they inhabit a
variety of ecological sites, including trees, caves, and other human-made structures, such as tunnels, deserted and
occupied houses in rural areas. They spend their time in roosts, creating huge colonies like the one in Bracken cave in the
United States of America (Moratelli and Calisher, 2015b), which is composed of more than 20 million bats (Tadarida
brasiliensis mexicana) (Han et al., 2015).

Although sometimes they are considered seasonal animals. Some species have migratory behavior, especially in
temperate zones. They are short-distance migrators, which raises concern about the probability of transmission of
pathogens by this species (Pipistrellus spp, Tadarida brasiliensis, Vespertilio, and Nyctalus spp.). When they are active,
bats provide critical services for the ecosystem by regulating crop pests, as pollinators and dispersing seeds (they are
vital for the live cycle of Baobab African tree, Adansonia digitata), and fertilizing the soil with their excreta, which is
rich in nitrogen control of vectors such as mosquitoes. Bats are used in applied immunogenetic research, as healthy aging
models. They have been impacted by the White Nose Syndrome (Pseudogymnoascus destructans). It has been suggested
that there has been a decline in the bat population caused by this fungal infection. There are millions of pounds of insects
that are not eaten and has turned into a burden for agriculture (Kasso and Balakrishnan, 2013).

Besides their intricate relationship with the environment, with repercussions on human well-being, several host
pathogens cause disease in humans. Bats can store around 23 families of detected viruses; some are biological agents
responsible for the zoonosis in which the coronavirus is found (Banerjee et al., 2018; Wong et al., 2019).

Knowledge about the bat coronaviruses (Bat-CoV) has increased over the past decade. It is estimated that not lees
than 3,204 Bat-CoV worldwide exists. It is known now that they are the main ecological drivers of the diversity of
coronaviruses and their evolutionary reservoirs (Banerjee et al., 2019). Bats possess adequate traits to host more viruses,
whether these are zoonotic, providing them with a long lifespan for their body size and generating the viral persistence of
chronic infections (Lacroix et al., 2017; Banerjee et al., 2019; Wong et al., 2019). The decrease in the physiological
activity of the animal in a long way can reduce the immune function and viral replication (Lacroix et al., 2017; Banerjee
etal., 2019; Wong et al., 2019).

Due to their role as a primary source of emerging infectious diseases worldwide, the study of the zoonosis
associated with bats is vital for understanding the dynamics of transmission, prevention, and control of these pathogens
(Banerjee et al., 2018). The bats’ ability to be the host of hundreds of viruses without manifesting disease is an extensive
area of research, and one of the peculiarities is that these mammals act as a source of infectious diseases. As bats are
distributed worldwide with a wide diversity of species at multiple habitats, there is a matter of concern and a field for
future related research. They are the only mammals that can fly, look for food daily, and migrate seasonally. For
example, the Nathusius's bat (Pipistrellus nathusii) showed a mean speed of 47 km/day (Hedenstrom, 2009). Some
species can fly over the ocean up to 14 km from the shore (Ahlén et al., 2009). They can facilitate their flight by having
hollow bones to reduce body mass (Han et al., 2015; Fleming, 2019).
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Immunology of coronavirus in bats

Bats possess properties that modify their immune function and allow them to be reservoirs and vectors of diseases
instead of being clinically infected (Calisher et al., 2006; Allen et al., 2009). It has been observed during the co-
evolutionary history of bats and viruses that they have formed a unique host-pathogen relationship. Coronaviruses cause
little or no harm to bats and can take months or years to manifest the disease (Schountz, 2014; Banerjee et al., 2018).

One of the existing hypotheses indicates that bats are not infected by the viruses due to the high body temperature
during their flight. They mimic the effects of the response to fever, which results from the consumption of ATP which
increases mitochondrial activities facilitating host responses. However, by itself, it is not enough to explain how bats can
host viruses without signs of disease. Bats’ cells are suggested to interfere with viral replication with the constitutive
Interferon (IFN) activity, as well as, with active INF-stimulated Genes (ISG). It has also been suggested that bats use
Pattern Recognition Receptors (PRRs) as a surveillance system for infectious threats (Schountz, 2014; Flies and Woods,
2019).

The first lines of evidence that associate a pathogen with a host are detecting combined genome fragments that may
have circular DNA or linear RNA from one or two fragmented lines, A cell suitable for spreading a virus must be
permissive and also be able to carry proper receptors that allow it to bind to an incoming virus. The immunological
characteristics presented above are unique in bats, and allow them to be a virus carrier without getting sick (Dobson,
2005; Han et al., 2015). Some types of bats hibernate so their body temperature and metabolic rate are lowered, and
immune responses are suppressed to conserve energy during the winter (George et al., 2011). It is believed that one
possible mechanism of transmission of viruses from bats is through their saliva and urine, which can contaminate both
the soil and fruits. So the contaminated fruits/soil can be ingested by intermediate hosts, including horses, pigs, civets, or
non-human primates (Han et al., 2015). The pathogenicity of such viruses for human beings is still unknown, and
possible threats need to be determined. Viruses transmitted by bats have been found in different species and geographical
distribution, which indicates that they have been expanding the disease (Han et al., 2015). The related example is
pandemic coronaviruses for which bats have been identified as a reservoir par excellence since they are ideal for hosting
and transporting the virus to intermediate hosts through wet markets or illegal trafficking resulting in endangering human
health (Huong et al., 2020).

Coronavirus

Bats have been the natural reservoir of the coronaviruses for many years (Table 1). Bats have been evolved over
the years by immune and biological changes. These animals are sociable and live in colonies of at least 500 bats per
square foot, facilitating the transmission of viruses from bat to bat (Han et al., 2015; Mackenzie et al., 2016).

Coronaviruses (CoV) are part of an extensive family of Coronaviridae, subfamily Coronavirinae and order
Nidovirales. They present an envelope, and are made up of the most extended single-stranded RNA chains present in
unsegmented positive sense vertebrates, and have the particularity of producing new strains and recombining; this virus
has a high capacity to adapt to its host, and has been classified into four different genuses; Alphacoronavirus,
Betacoronavirus, Gammacoronavirus, and Deltacoronavirus (Table 1) (Wong et al., 2019; Dos Santos Bezerra et al.,
2020). Coronaviruses contain the protein S located on the surface; it will enable the start of infection by recognizing
receptors and membrane fusion; it is a critical factor in the host’s specificity (Banerjee et al., 2018).

This virus is highly contagious and zoonotic, which indicates that the transmission can occur from a vertebrate
animal to a human, and presents great importance to global public health, being associated with multiple outbreaks that
remain an unknown phenomenon. Coronaviruses circulate in nature in various animal species. Alpha-coronaviruses
(alphaCoV) and beta-coronaviruses (betaCoV) can infect mammals, while gamma-coronaviruses and delta-coronaviruses
mainly infect birds (Mollentze and Streicker, 2020; Rodriguez-Morales et al., 2020). These viruses have been detected
globally, and alphaCoV and betaCoV have originated from bats in regions such as Asia, Africa, Europe, North and South
America, as well as Australasia (Table 2).

The first case of coronavirus originated from bats and transmitted by an intermediate host was called palm civet,
Paguma larvata, which was registered during 2002-2003 in the province of Guangdong in China. In the year 2012, the
Middle East Respiratory Syndrome Coronavirus (MERS- CoV), which originated from bats, manifested itself in Saudi
Avrabia with dromedary camels (Camelus dromedarius) as an intermediate host. In December 2019, an unidentified
pathogen emerged in Wuhan, China, causing severe pneumonia, and later in January 2020, a novel coronavirus (nCoV-
2019, currently SARS-CoV-2) was described as the cause. Since then, a global emergency has been aroused due to the
pandemic caused by SARS-CoV-2 (the current taxonomic name of the new coronavirus). It is supposed that Coronavirus
disease 2019 (COVID19) is originated from bats, but the intermediate host is still undefined. Some coronavirus genuses,
such as SARS-CoV and several betaCoVs of the subgenus Merbecovirus, are known to be closely related to MERS-CoV
and have a common reservoir as horseshoe bats (Wong et al., 2019) (Table 2).
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Table 1. Reported Coronaviruses described in bats and other hosts

Coronavirus Main affected hosts Intermediate hosts Natural hosts

Porcine epidemic diarrhea virus
Swine acute diarrhea syndrome coronavirus

Pigs Unknown
Pigs Uknown

Bat (Scotophilus kuhlii)
Bat (Rhinolophus spp.)
Middle East respiratory syndrome coronavirus Human and other animals Camels (Camelus dromedarius) Bats (Taphozous)

Bats (Rhinolophidae)

Bats?

Severe acute respiratory syndrome coronavirus Human and other animals Civets and Himalayan pangolin

Severe acute respiratory syndrome coronavirus 2 Human and other animals Still unknown, suspected: pangolin

?, Bats are still questioned and studied for SARS-CoV-2.

Table 2. Comparison of epidemic coronavirus versus other dangerous zoonotic bat viruses

Features

Human functional receptor

Clinical characteristic

Geographical Origen

Year of apparition

Total of cases since apparition

Total deaths
CFR

Chiroptera associated
reservoirs

Intermediated host

Definitive treatment
Vaccine

Middle East respiratory syndrome

coronavirus

Dipeptidyl peptidase 4 (DPP4 or D26

Bilateral pneumonia, diarrhoea

Saudi Arabia
2012 (ended in sporadic cases still
reported)
2,494

858
34%

Taphozous perforatus (Egyptian tomb bat),
Rhinopoma hardwickii (lesser mouse-tailed

bat) and Pipistrellus kuhlii (Kuhl's
pipistrelle)

Camelus dromedaria (Camels)

No
No

CORONAVIRUS*

Severe acute respiratory
syndrome

Angiotensin-converting enzyme 2
(ACE2) and CD209L (L-SIGN)

Fever, bilateral pneumonia. Long
prodrome

Guandong, China

2002 (ended in 2004)

8,096

774
9.6%

Giant horseshoe bat (Rhinolophus
ferrumequinum)

Paguna larvata (Palm civet)

No
No

Severe acute respiratory
syndrome 2**
Angiotensin-converting enzyme 2
(ACEZ2) host transmembrane serine
protease TMPRSS2
Peripheric bilateral pneumonia,
anosmia, dysgeusia. Increasing
report of neurological syndromes.

Wuhan, China

December 2019 (ongoing)

178,879,640

3,875,132
2.17%****

Horseshoe bats (Rhinolophus spp.)

Pangolins?

No
No

FILOVIRUS

Marburg virus***

T cell immunoglobulin mucin
domain-1 (TIM-1)

Hemorrhagic fever

Africa

1967

587

475
24-80%

Rousettus aegyptiacus

(Cercopithecus aethiops) African
green monkeys***, pigs?
No
No

PARAMYXOVIRUS

Nipah virus

Ephrin B2 (membrane-bound
ligand for the EphB class of
receptor tyrosine kinases)

Encephalitis, acute respiratory
infection

Malaysia (1)
Bangladesh (2)
(1) 1998
(2) 2001
Approximately 845

>800
40-75%

Pteropus hypomelanus

Pigs, horses, goats, sheep, cats
and dogs.
No
No

*Other coronaviruses that cause mild disease: HKU1, NL63, OC43, and 229E. **Up to June 22, 2021. ***Includes variants that cause the same disease: Lake Victoria Marburgvirus and Ravn Marburgvirus. ****High variation according

countries.
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Porcine epidemic diarrhea virus

The swine epidemic diarrhea disease caused by the Porcine Epidemic Diarrhea Virus (PEDV-CoV) belonging to
the Betacoronavirus, was identified in England in 1971. It presents digestive symptoms associated with vomiting and
diarrhea manifested in adult and young animals as well as a fatal outcome in newborn animals. The contagion occurred
through the oronasal and fecal routes through having contact with secretions, fecal material, food, and water
contaminated with the virus. Inter-species transmission occurred in the bat-pig relationship. During 2013, the disease
remained registered in Asia, Europe, and America because of high losses since its outbreaks in susceptible pigs of all
ages, which defines it as contagious (Pifieros and Mogoll6n Galvis, 2015; Simas et al., 2015; Banerjee et al., 2019)
(Table 2).

According to studies in a recombinant CoV, possibly the PEDV could have been originated from the CoV of
Scotophilus kuhlii (Han et al., 2019). Strains related to the coronavirus were detected in two Myotis horsfieldii bats, in
Cambodia and Lao’s People Democratic Republic, where the great diversity and presence of coronavirus genetically
related PEDV strains that infect pigs, and cattle may promote transmission (Lacroix et al., 2017).

In a lineage of bats of the genus Scotophilus kuhlii in Guangxi, China, 11 strains related to the virus were identified
(Lacroix et al., 2017; Han et al., 2019). Another study found a CoV with a high relation to PEDV-CoV from Brazil in
Tadarida brasiliensis bats, which had a zoonotic impact on the appearance of new diseases in humans and animal
populations (Pifieros and Mogollén Galvis, 2015). Porcine Epidemic Diarrhea Virus (PEDV) can infect kidney cells of
specific brown bats (Eptesicus fuscus). However, replication in bat cells needs further studies. No clinical cases of PEDV
in humans have been reported. However, it has been shown that it may infect embryonic kidney cells (Zhang et al., 2017;
Banerjee et al., 2019).

Swine acute diarrhea syndrome coronavirus

The Swine Acute Diarrhea Syndrome (SADS CoV) is caused by a virus classified in the Alphacoronavirus, a type
of coronavirus that emerged in 2017 in the Guangdong province, China (Health, 2018; Zhou et al., 2019). This virus
causes an enteric disease that led to the death of 24,693 piglets in southern China. Over time, it was believed the virus
has been completely eradicated until February 2019. A new outbreak in the east caused the death of 200,000 piglets, and
its transmission mechanism has not yet been clarified. The main symptoms of infected animals were severe diarrhea and
weight loss. The obtained results of post-mortem analysis were indicative of intestinal lesions (Zhou et al., 2018).

The SADS-CoV can infect bats, mice, hamsters, rats, gerbils, pigs, birds such as chickens, non-human primates,
and potentially humans. However, its zoonotic effect is unknown, it was transmitted through the feces of infected
animals or its natural reservoirs. In China, three outbreaks of this virus have been reported so far. It was found that
horseshoe bats, such as Rhinolophus sinicus and Rhinolophus affinis, were the main reservoir bats for SARS-CoV
Sarbecovirus, MERS-CoV Merbecovirus, and SADS-CoV Rhinacovirus in South East Asia (Wong et al., 2019; Yang et
al., 2019). Studies in Guangdong, China, where stool samples of bats species were collected, showed the detection of
coronavirus. In a study, authors found 58 positive samples out of 591, examined by the fecal smears and processed using
molecular testing, which indicated that the bats of the species Rhinolophus sinicus, Rhinolophus affinis, and Rhinolophus
rex were potential reservoirs of this coronavirus (Zhou et al., 2018) (Table 2).

Middle East respiratory syndrome coronavirus

The Middle East Respiratory Syndrome Coronavirus (MERS-CoV) is a linage C, zoonotic, betacoronavirus
enveloped with a positive-sense RNA genome. It was isolated from a man's sputum in Jeddah, Saudi Arabia, in 2012
(Zaki et al., 2012). Subsequent cases and clusters of patients that developed a rapidly evolving bilateral pneumonia,
respiratory failure, and death have been reported in the Arabian Peninsula. Since September 2012, a total of 2494 cases
have been notified with 858 deaths associated with 27 countries. Studies have indicated that this virus had a case fatality
rate of 35% (Banerjee et al., 2019).

Complete genome sequence analysis and serological data provided a piece of evidence for transmission from
camels to humans. MERS-CoV-specific RNAs and antibodies were also detected in camels (Reusken et al., 2013; Azhar
et al., 2014), so far, there are no antiviral effective treatments for limiting any human coronavirus infection. Fortunately,
since late 2020, vaccines have become available against SARS-CoV-2 (St John et al., 2015; Abuhammad et al., 2017).

It is known that bats of the genus Taphozous perforatus (Egyptian tomb bat), Rhinopoma hardwickii (lesser mouse-
tailed bat), and Pipistrellus kuhlii (Kuhl's pipistrelle) have acted as the natural reservoir of this virus for many years.
Other studies claimed that the dromedary hair participated as an intermediary host for the spread of this virus, and its
contact with the man (Banerjee et al., 2019; Fan et al., 2019; WHO, 2020c).

Camels are used in the Middle East for entertainment and transportation so that people can become infected
through direct contact with infected camels, and they can shed the virus in their respiratory secretions (Azhar et al.,
2014). They have also been detected in camel milk, then there is a risk of infection through consumption of
unpasteurized camel milk (Reusken et al., 2014; Han et al., 2015).
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The functional receptor of MERS-CoV is Dipeptidyl Peptidase 4 (DPP4 or CD26), which is present on the surface
of the human non-ciliated bronchial epithelial cells (Lu et al., 2013). The receptor can also be found on bats’ cells (Cui et
al., 2013). Even more, there are descriptions of novel bat coronavirus in South China that attach to this receptor; the
clinical implications of these results are unknown (Luo et al., 2018). A study reported that the use of the receptor by the
MERS-CoV was different from that used by SARS-CoV and by SARS-CoV-2 (ACE2). The MERS-CoV receptor is
conserved and can replicate in both bat cells and human cells (Muller et al., 2012; Han et al., 2015) (Table 2).

Severe acute respiratory syndrome coronavirus

The Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) is a linage b Betacoronavirus and the MERS-
CoVs (Maganga et al., 2020). It was based in Foshan, province of Guangdong, China in November 2002 (Fan et al.,
2019). The index case was a medical doctor from the province of Guandong who made a trip to Hong Kong Special
Administrative Region of the People's Republic of China, five days after the onset of symptoms. After that secondary
cases appeared in the city and Singapore, Thailand, Vietnam, and Canada. All the index cases were from those countries
where travelers returned from Hong Kong (Tsang et al., 2003). From the first cases, a novel coronavirus was isolated
(Drosten et al., 2003). Following that it reached 33 countries and 5 continents, including North America and Europe,
causing a global pandemic that lasted eight months, and led to 8096 cases with 774 deaths, reaching a case-fatality rate
of 9.6%. The transmission occurred through respiratory drops, micro saliva, or direct contact with the mucous
membranes of patients. Extraordinary efforts were made to contain these emerging conditions were deployed globally,
including travel advisories by the World Health Organization (WHO) that in consequence led to the end of the epidemic
in the first half of 2004 (Vaqué Rafart, 2005).

The SARS is presented as the first epidemic disease of the twenty-first century. It is known that its origin was the
wet markets of Guandong, China, where the interaction with fluids and blood of different animals facilitated the
propagation. Some studies indicated that the Himalayan palm civet and the palm civet o masked palm civet (Paguna
larvata) were the intermediaries of this virus as a reservoir host as same as the giant horseshoe bat (Rhinolophus
ferrumequinum) (Wang et al., 2006; Cleri et al., 2010).

The SARS-CoV produced unusual pneumonia because it had a prolonged prodrome with influenza-like symptoms.
The patients develop the respiratory phase with progressive pulmonary infiltrates and respiratory failure. From early in
the research, the virus has efficiently replicated in vitro (Sims et al., 2008). The functional receptors for SARS-CoV are
Angiotensin-converting enzyme 2 (ACE2) and CD209L (L-SIGN) (Jeffers et al., 2004).

The SARS-CoV's genetic components circulated among the various bats' species that share the same cave and the
opportunity for a new resurgence (Banerjee et al., 2019; Wong et al., 2019). The SARS virus survives for at least two to
four days in feces, and two to three days on dry surfaces at room temperature (Rabenau et al., 2005). The transmission
from person to person by direct or indirect contact of the mucous membranes with drops was the primary mode of spread
of the pandemic produced in health centers, workplaces, homes, public transport, and air travel; the latter facilitated its
rapid worldwide diffusion (Seto et al., 2003; Cheng et al., 2007). The SARS-CoV was detected in feces, urine, and
respiratory secretions (Chan et al., 2004). Intra-hospital transmission of the virus was facilitated by nebulizers,
intubation, or cardiopulmonary resuscitation in patients with SARS generated by many infectious droplets (Lee et al.,
2003; Christian et al., 2004; Loon et al., 2004).

Regarding phylogenetic and viral diversity analyses, studies conducted in Africa, Asia, and Latin America (Peru,
Bolivia, Brazil, and Mexico) indicated that intra-genus transmission of bats was higher in Africa and Asia (Health,
2018). The study was also able to confirm that the abundance of the virus was related to many bats (Health, 2018).

A study of an in-hospital outbreak at a community hospital in Toronto on February 23, 2003, indicated that cases of
this virus had the age range from 21 months to 86 years, 60.2% of whom were women, and total death of 17 cases. Of
the cases identified, 36.7% were hospital personnel. Other cases were locally transmitted or linked to imported SARS
cases from other places (29.6%), hospitalized patients (14.1%), visitors (14.1%), or other health staff (5.5%). Of a total
of 128 cases, 120 (93.8%) had contact with a SARS-positive case or a place where there was a known case of infection
(Varia et al., 2003) (Table 2).

It is essential to know that bats and their products are used in food markets, and as traditional medicine, the feces of
bats are used in the south from China and Asia, and consequently, it provides a constant human exposure source to bats
and their tissues (Bonilla-Aldana et al., 2020e; Dhama et al., 2020a; Dhama et al., 2020b).

Severe acute respiratory syndrome coronavirus 2

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), the etiological agent of COVID-19, belongs to
the subgenus's genus Betacoronavirus Sarbecovirus (same subgenus for SARS-CoV). It has affected the world since
January 2020, affecting 210 countries and territories. In December 2019, a cluster of pneumonia with epidemiological
nexus with an open-air-live animal market in Wuhan, China, was reported. A novel coronavirus was isolated and named
SARS-CoV-2 by the International Committee on Taxonomy Viruses (ICTV). As of June 22, 2021, it has left a balance of
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178,879,640 confirmed cases and 3,875,132 deaths worldwide, but these figures continued to increase (Alanagreh et al.,
2020; WHO, 2020a; Tiwari et al., 2020), fortunately 2.76 billion doses of vaccine have been administered. The outbreak
was discovered in the Wuhan market, verifying that all the samples obtained from the animals were positive for SARS-
CoV-2. This virus had been circulating since November, 2019. On December 1, 2019, the first registered case was found
in an elderly man (Mackenzie and Smith, 2020; Yu et al., 2020). Subsequently, significant attempts have been rendered
to detect the reservoirs and intermediate host of this emerging infectious disease.

Comparisons revealed that the bat CoV is approximately 79% similar to SARS-CoV at the nucleotide level.
Although the MERS and SARS viruses are related to SARS-CoV-2, they have very notable biological differences.
SARS-CoV 2 is much more infectious and has a remarkable capacity for local and global spread. It has been taken as a
priority to determine the virological characteristics related to transmission. The respiratory pathogen has a relatively high
virulence that can jump the barrier species (Chinazzi et al., 2020; Zhang and Holmes, 2020). The bats' role as a zoonotic
origin is unknown. The viruses present an association with SARS-CoV-2 were sampled in Yunnan province more than
1,500 km from Wuhan (Wrapp et al., 2020). In a recent publication, a bat coronavirus, RaTG13, was found in
Rhinolophus affinis, showed 96% genomic similarity to SARS-CoV-2. However, it does not bind efficiently to the
human receptor ACE2 (Leitner and Kumar, 2020).

The bat is reported as the reservoir source, but it needs an intermediate host for SARS-CoV-2 to infect humans. A
conducted study showed that SARS-CoV-2 replicates poorly in pigs, chickens, and ducks (Flores-Alanis et al., 2020).
The pangolins (Pholidota) have been studied as a relevant intermediate host for SARS-CoV-2, with genetic analysis of
pangolin CoV, MP789, showing similarities in receptor domains, suggesting an ancestral jump among bats (Flores-
Alanis et al., 2020), humans, and pangolins (Fischer et al., 2020; Xiao et al., 2020; Zhang et al., 2020). However, if bats
are susceptible to contracting the virus, ferrets, canids, and cats are still possible to directly infect humans (Damas et al.,
2020; Leitner and Kumar, 2020; Tiwari et al., 2020). Researchers have proposed the potential risk of reverse zoonotic
transmission to bats (anthropozoonosis), because of the magnitude of this historic pandemic and the intricate relationship
of SARS-CoV-2 and Chiroptera. Researchers have proposed the potential risk of reverse zoonotic transmission from
humans to bats (anthropozoonosis) of the SARS-CoV-2 (Franklin and Bevins, 2020; Olival et al., 2020).

The infection can be acquired by inhaling droplets that can spread from one to two, or by touching contaminated
surfaces which can remain viable for several days with favorable atmospheric conditions. However, the viruses are
destroyed with hypochlorite sodium products, hydrogen, peroxide, among other substances. The virus is also present in
feces and contamination of the water supply leading to the transmission through the oral route (Chen et al., 2020; WHO,
2020b; Kampf et al., 2020).

All people are theoretically susceptible; the large droplets come from the coughs and sneezes of symptomatic or
asymptomatic patients before the clinical signs appear, causing severe respiratory diseases such as pulmonary failure and
pneumonia. However, the severity of COVID19 is unusually selective, rises with age and coexisting health conditions,
including, chronic kidney disease, diabetes mellitus, obesity, smoking, and hypertension. There is also increasing
evidence about ethnicity and income for the susceptibility of infection and poorer prognosis (de Lusignan et al., 2020).
Human genetic factors, such as polymorphism of the host transmembrane serine protease (TMPRSS2) and ACE2
receptor have been proposed (Hou et al., 2020). Post-placental transmission in women has not yet been clearly described.
Studies have shown that higher viral loads are found in the nasal cavity than the throat, without differentiating between
symptomatic and asymptomatic people. Patients can infect other humans for as long as symptoms last and even after
clinical recovery (Rothe et al., 2020; Singhal, 2020; Zou et al., 2020) (Table 2).

CONCLUSIONS

Bats are potential reservoirs of many viruses, including coronaviruses, but direct transmission to humans has not been
demonstrated so far since it requires an intermediate host (Joffrin et al., 2020). Recently, in Peru, the complete genome
sequence of an Alphacoronavirus isolated from vampire bats (Desmodus rotundus, family Phyllostomidae) from the
Amazonas region was reported (Bergner et al., 2020).

Research of coronavirus in bats have become an urgent problem, so it is essential to be able to detect early warning
signs, and minimize the subsequent outbreaks given by them in places like Egypt, Oman, Qatar, Saudi Arabia, the
Middle East, Africa, and South Asia, have found camelids with the virus mentioned above, which their human-animal
transmission can be generated by direct or indirect contact with infected animals (Banerjee et al., 2019; Fan et al., 2019;
WHO, 2020c). More research is needed to clarify and understand the susceptibility of infection and variable outcomes.

However, there are still some questions that are left unanswered which necessitates the need for more deep studies
addressing the effect of coronaviruses on animals and humans. In 2019, a coronavirus mutation from previous years was
presented, and people would be exposed to a higher risk of new pandemics caused by CoVs. Thus, it is equally important
to know which intermediate hosts are the means of transmission of bats to human beings.
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ABSTRACT

A 10-year (2008-2017) retrospective canine-mediated human rabies epidemiology was studied to assess the burden
of rabies in Nepal. To this end, the number of dog bites, the use of post-exposure prophylaxis (PEP), and human
death records from 2008 to 2017 were retrieved from Sukraraj Tropical Hospital, Kathmandu, Nepal. The findings
revealed that the number of human rabies occurrences was consistent with minor fluctuations throughout the study
period. There were 252,297 dog bite cases in humans recorded between 2008 and 2017. Every month, 2,102 people
were bitten by mostly stray dogs. There was a gradual increase in PEP use throughout 10 years. On average, 36,995
PEP dosages were used per year for stray dog bites. The PEP consumption and the number of human deaths were
negatively correlated. A total of 482 human rabies deaths were recorded in Nepal during the study period. On
average, 49 people died of canine-mediated rabies each year. Although there was an increase in the use of PEP, the
number of human deaths and street dog bites recorded were still high. The high mortality due to rabies could then be
attributed to the flawed surveillance system and stray dog population management, and not merely the lack of PEP
services. Hence, it is recommended that the government agencies and other concerned stakeholders should organize
mass vaccination and population management program for stray dogs in order to reduce the country’s rabies burden.
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INTRODUCTION

Rabies has been viewed as an extreme and dismissed general medical issue worldwide, with an estimated 55,000 human
deaths each year (WHO, 2013). The majority of death occurs in developing countries like Asia and Africa ones (Knobel
et al., 2005). About 21,000-24,000 people died in Southeast Asia due to rabies infection (Gongal and Wright, 2011) and
this infection counts for 45% of human deaths around the world (Masiira et al., 2018). Nonetheless, due to all rabies
cases not being reported, the actual case numbers are unknown. Although the disease is undoubtedly lethal once clinical
signs are developed in the patient, it can be prevented with timely pre-exposure and post-exposure prophylactic
vaccination (Overall and Love, 2001). The exposure regimen of human diploid vaccines is 0, 7, and 21 or 28 days and
need to be renewed after a year in risky populations whereas post-exposure prophylaxis regimen is 0, 3, 5, 14 to 28 days
with the primary aids, i.e. thorough washing and flushing of wounds (WHO, 1997; WHO, 2010). As per the World
Health Organization (WHO), more than 15 million people annually receive PEP for rabies worldwide mostly in India
and China (WHO, 2010). Children are at the greatest risk of rabies exposure and approximately 40% of PEP is given to
children aged between 5 and14 years old (WHO, 2007).

Nepal is a small and landlocked country situated between India and China. There is a free and open border with
India from which restriction-free trade and movement of humans and animals occur, facilitating the transmission of
infectious diseases (Yadav et al., 2020). Nepal and India share similar socio-financial circumstances, given that India
carries the burden of the biggest rabies cases worldwide (Knobel et al., 2005). Nepal has been considered endemic in
rabies for a long time with an average mortality of 100 people every year (Annual Report of the Department of Health
Services, Nepal, 2013). In order to control rabies, the government of Nepal established a national coordinating
committee for dog rabies expulsion in Nepal in 1979 (Joshi, 1991). However, it took the measures in 1983 by initiating
the rabies control program, supported by the Department of Livestock Development and Animal Health (DLDAH), the
Department of Health, and representatives of local government (Bogel and Joshi, 1990). The program involved the
organization of mass vaccination in stray dogs for the first few years, but it terminated after few years because of the
political changes and other internal reformation process happened in the country during the 1990s (Joshi, 1991).

181
LCEKAICRGINYeETLIR Pal P, Shimoda H, Bashyal R, Yawongsa A, and Rukkwamsuk Th (2021). A Retrospective Study on Dog Bite Associated Rabies in Human and the Use
of Post-exposure Prophylaxis in Nepal during 2008 to 2017. World Vet. J., 11 (2): 181-186.


http://www.wvj.science-line.com/
http://www.science-line.com/index/

The production of reactogenic nerve-tissue vaccines started in Nepal in 2006 as an attempt to control rabies, but it
was soon replaced by tissue culture vaccines. However, the production of reactogenic nerve-tissue vaccine phased out in
the middle of 2006. Thereafter, recent rabies tissue-culture vaccines, such as human diploid cell vaccine (HDCV),
purified Vero cell rabies vaccine (PVRV), purified chick embryo cell vaccine (PCECV), and purified duck embryo
vaccine (PDEV) have come into practice. These vaccines were mainly imported from India. The cost of the whole course
of the vaccine is equivalent to 12,000 Nepalese rupees (WHO, 2005). The Department of Livestock Service, Government
of Nepal had developed a 10-year rabies control program in 2010 to produce 50,000 cell culture rabies vaccine for
animal use, and the production of rabies vaccine for human use is in progress (Acharya et al., 2019). According to this
plan, a rabies vaccine bank was supposed to be established at least at five regional veterinary laboratories in Nepal.
However, it is not yet established due to financial constraints.

Stray dog bites have been considered as the major source of the rabies in human population in Nepal, but most of
the cases go unreported because of poor surveillance, lack of awareness, and improper reporting system
(Devleesschauwer et al., 2016). The stray dog population in Nepal has been increasing and humane efforts to control the
uncontrolled dog population are very limited (Kakati, 2010). Children aged below 15 and old aged people are at the most
risk of dog bites (Pantha et al., 2020). The first humane approach to control the stray dog population was established in
2004 by the Kathmandu Animal Treatment Centre (KAT), a non-governmental organization with limited resources. The
local government in the capital of Nepal joined KAT’s mission to control the stray dog population in 2017.

An effective strategy for control of rabies takes into account the epidemiology of animal bites; and rabies and
factors influencing post-exposure treatment which is absent in Nepal (Gongal and Wright, 2011). Rabies is certainly not
a notifiable illness in Nepal, and there is no coordinated monitoring program between medical veterinary divisions
(Acharya et al., 2019). The genuine number of death due to rabies might be a lot higher than the reported cases (Sharma,
2005). There are very few and incomplete epidemiological reports on rabies and the available reports have discrepancies
over the rabies statistics. Therefore, the purpose of this study was to explain the rabies epidemiology in terms of PEP
consumption, dog bite injuries, and human death from 2008-2017 in Nepal. As Nepal has shown solidarity with the
global approach to eradicate rabies by 2030, the finding of this study would assist the government authorities and other
stakeholders in improving the current rabies surveillance and monitoring system leading to building up a systematic and
effective surveillance system.

MATERIALS AND METHODS

Ethical approval
The present study did not involve either humans or animals as an experimental setup. Required permission in verbal
forms to conduct the research and to use the data has been received from relevant authorities involving in this study.

Data source and data management

The study was a retrospective review of epidemiological surveillance data in humans on animal bite injuries, rabies
deaths, and the use of PEP reported to the national database from 2008 to 2017. The raw data were collected from the
Sukraraj Tropical Hospital, Teku, Kathmandu, Nepal, which is the only Central Referral Medical Center for infectious
diseases that deals with rabies issues. In addition, human rabies occurrence data were collected from other hospitals and
medical centers located in different parts of the country.

Data analysis

The raw data were categorized yearly and analyzed using descriptive statistics. Likewise, the occurrence of dog
bites, human deaths due to rabies, and PEP use in the last 10 years were graphically plotted to examine the respective
trends. Bivariate analysis was performed and a Pearson’s correlation coefficient was used to describe the strength and
direction of relationship among years, number of dog bites, number of anti-rabies vaccine for PEP, number of human
deaths.

RESULTS

During the past 10 years, the burden of human rabies in Nepal appeared consistently with minor variations. There were
252,297 dog bite cases recorded and 2,219,701 PEP vials were used to counter those dog bites. In the same way, 482
people died of rabies during the same period. Likewise, 25,164 bites from other species of animals, including cats,
monkeys, and rats were also documented by the Department of Health Services, Nepal (Annual Report of the
Department of Health Services, Nepal, 2014).

There was a trend of a gradual increase of dog bites from 2008 to 2012 with a little drop in 2009 reaching the
highest bites in 2013, and an abrupt drop was recorded in 2014. For the rest of the period, it remained stable (Figure 1).
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Likewise, deaths caused by rabies in the human population showed a constant and consistent pattern from 2008 to 2012.
The occurrence gradually decreased from 2013 towards 2016, though there was an abrupt increase in the number of
human deaths in 2017 (Figure 2).

The descriptive analysis showed the gradual increase of PEP use from 2008 to 2011, which was slightly decreased
during 2012 and 2013. However, the use of PEP increased again between 2014 and 2015. Once again, the cases were
decreased in 2016 and further increased again in 2018. The PEP vaccine use ranged from 145,978 to 320,139 vials
(Figure 3). On average, 221,970 vials per year were used for dog bite cases.

Table 1 presents the results of bivariate correlation analysis. The statistical results revealed that there was a very
weak relationship between dog bites and deaths and a negative correlation found between dog bites and PEP
consumption. The number of deaths was negatively correlated with the number of anti-rabies vaccines for PEP. In
addition, the number of deaths declined from 2008 to 2017.
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Figure 1. Dog bites cases reported to Sukraraj Tropical
Hospital, Nepal from 2008 to 2017. Source: Department
of Health Services, Government of Nepal.

Figure 2. Human deaths due to canine-mediated rabies in
Nepal from 2008 to 2017. Source: Department of Health
Services, Government of Nepal.
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Figure 3. Number of post-exposure prophylaxis vials administered to dog bite patients in Nepal from 2008 to 2017.
Source: Department of Health Services, Government of Nepal

Table 1. Correlation among year, number of cases bitten by dogs, number of anti-rabies vaccine for post-exposure
prophylaxis (PEP), and number of deaths.

Number of Number of anti-
. . . . Number of
Variable Year cases bitten by rabies vaccine for
Death
dogs PEP
Year 1
Number of cases bitten by dogs -0.130 1
Number of anti-rabies vaccine for PEP 0.799** -0.316 1
Number of deaths -0.869** 0.221 -0.704* 1

* Correlation is significant at the p < 0.05. **Correlation is significant at the p < 0.01
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DISCUSSION

No reports of a large-scale survey have been available for appraisal of dog bites, use of PEP, and human rabies mortality.
Hence, this study attempted to use available data to determine the rabies burden in Nepal. Prior to this work, small-scale-
epidemiological reports based on a brief time frame had been documented (Joshi, 1991; Karki and Thakuri, 2010; Pantha
et al., 2020). These previous studies are therefore used in the present study to make some relevant comparisons.

The present study showed that humans bitten by dogs occurred during 2008-2017 with an average of 25,229 dog
bites per annum, and this figure accounts the 0.084% of the total population of Nepal. The dog bite injury in Nepal was
25% in 100,000 populations. On a monthly basis, 2,102 people got bitten by the dogs. Most of these bites were reported
from urban areas, where the stray dog population is higher than the rural areas. Kathmandu Animal Treatment Centre
reported that more than 22,500 stray dogs were roaming in Kathmandu City, the capital city, alone in 2012 (Kakati,
2010). Without precise information on patterns of human rabies and difficulties in rabies diagnosis in developing
countries, the utilization of surveillance data on animal bites gives valuable data to rabies observation and improves the
distribution of clinical and veterinary assets (Martin et al., 1969). It was also comparable to the dog bite occurrence rates
with immediate neighboring countries, such as India and China, which recorded more than 15 million dog bites per year
(WHO, 2013). It might be due to the higher population of stray dogs in those countries. At the regional level, Bhutan,
another country similar in topography and cultural settings reported around 6,416 dog bites in 2018, which was
significantly lower than Nepal. Another country in Asia, the Philippines reported 32,859 dog bite occurrences per
annum, which were much higher than Nepal (Gongal and Wright, 2011). A study in Central India reported that 95.8% of
victims were bitten by stray dogs (Marathe and Kumar, 2016), which is very much in alignment with our findings.
Similar findings were also reported from Uganda, the study stated that 25,420 patients reported roaming dog bite injuries
(Wangoda et al., 2019). The dog bite occurrence revealed a peak in 2103 and a sharp declined in 2014. The increasing
occurrence of animal bites was suggesting that the potential exposure to rabies infection remains important to public
health and so vice versa. The results were similar to the study performed in Uganda (Dodet and African Rabies Bureau,
2009).

This study also showed PEP consumption and human rabies exposure for 10 years (2008-2017) in Nepal. Results
revealed that there was a gradual increase throughout the 10 years in PEP use with a small drop in 2013, which was still
higher than the first three years. It was observed that the PEP use and dog bites were negatively correlated. However,
dog bites and PEP consumption have both increased for the last 10 years. However, in comparison to dog bite cases, the
PEP use was higher. This is in agreement with other findings (Helmick, 1983; Khkhar et al., 2003; Sriaroon et al., 2005),
which might be due to the increased awareness level of people residing in urban areas. Moreover, hospital authorities
informed us that they recommended patients for PEP even for minor scratching and licking because of several reasons,
such as poor diagnostic facilities in the hospitals, a large number of free-roaming and stray dogs, and no quarantine
facility for biting animals (WHO, 2019). This finding is also in agreement with the study performed in Illinois, USA
(Helmick, 1983). Despite the increased use of PEP, there were still enormous deaths which might be due to poor access
to PEP facilities for the genuine cases. The shortage and immature availability of PEP in rabies clinics had been reported
from India (Hanumanthaiah and Haradanhalli, 2019). In appropriate distribution and availability of PEP was an issue in
China (Qi et al., 2018).

A total of 482 human rabies deaths were recorded in Nepal from 2008 to 2017. The number of human rabies cases
gradually decreased from 2013 to 2016 and a slight increase was recorded in 2017. This phenomenon may be due to
rabies control being emphasized and strengthened by the central government in Nepal after 2007. However, the human
rabies cases remained stable from 2007 to 2012 indicating that human rabies constitutes a real public health threat in
Nepal. On average, human mortality was 49 in the last 10 years. This finding was contradictory to the study performed
by Pant in 2012 (Pant, 2013). He demonstrated that rabies mortality in humans ranges between 100 and 150 deaths per
year in Nepal. Similar figures were also reported by WHO in 2013 (WHO, 2013). These higher estimates might be based
on projected statistics from PEP use and under-reporting scenario. Another study carried out by WHO in 2007 stated that
the rabies mortality was 0.21 per 100 000 human population while our study showed 0.0048, which was lower than the
studies carried out in Tanzania (Cleaveland et al., 2002). This study did not include the data before 2008, so there might
be a higher number of cases during or before 2007. In the Asian regions, Nepal lies in between in terms of the human
rabies burden. India has the highest human death records 3 in 100,000 and Thailand (0.012/100,000) being the lowest
(Acharya et al., 2019). However, the recent study from India indicated 2 deaths per 100,000 population due to rabies
(Sudarshan et al., 2007).

CONCLUSION

Based on the findings, it can be concluded that the death rate in humans inflicted by canine-mediated rabies was
considered unstable during the study period. However, the dog bite cases and PEP consumption increased, which
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indicates rabies is a public health challenge affecting Nepal. Eliminating rabies by the year 2030 would be possible if the
strengthening of rabies prevention and control strategies are applied in a coordinated approach at all levels of the health
and veterinary areas. These sectors should adopt the “One Health” approach with a strategic focus on strengthening
rabies surveillance, controlling rabies in dogs, controlling the stray dog population, and ensuring the availability of post-
exposure prophylaxis at rural health offices.
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ABSTRACT

Newcastle disease (ND) is the most pathogenic viral infection in poultry. Furthermore, the availability of
laboratories that support the molecular diagnosis of ND is still limited in Indonesia. The present study aimed to
produce ND polyclonal antibody as the alternative of immunohistochemistry primary antibody against ND in
poultry. Two adult male New Zealand White rabbits weighed 2.5 kg were vaccinated seven days after the adaptation
using intraperitoneal injection of the ND live vaccine at multilevel doses weekly. The serum was collected
inactivated, and purified in the sixth week. A total number of 31 chicken samples were collected and their samples
of brain, lung, spleen, and intestine were tested using immunohistochemistry and Reverse Transcription Polymerase
Chain reaction (RT-PCR). The result showed that 19/31 (61%) were positive against immunohistochemistry and RT-
PCR and a total of 12/31 (39%) were negative. Based on the obtained results, immunohistochemistry using ND
polyclonal antibody had a similar accuracy with RT-PCR. It can be concluded that ND polyclonal antibody
produced by vaccination in the rabbit could be used as the alternative immunohistochemistry primary antibody for
diagnosing ND in poultry.
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INTRODUCTION

Newcastle disease (ND) is the most pathogenic viral infection in poultry. From the first outbreak of it in 1926 in Java and
Newcastle, ND still has high morbidity and mortality among the poultry (Absalén et al., 2019). The ND causes severe
lesions, including necrosis of brain tissue, intestine, and depression of the immune system. There are several types of ND
infections in poultry including viscerotropic, neurotropic, mesogenic, respiratory, and asymptomatic. On the other hand,
ND can be prevented by vaccination (Sarcheshmei et al., 2016).

The success of the vaccination program is still lacking in Indonesia due to the environmental factors, weather, and
maintenance program. Newcastle disease infection in poultry is mostly undetected because of its manifestation types
(Ogali et al., 2020). Furthermore, the distribution of laboratories in Indonesia that support the molecular test as a gold
standard is quite limited and expensive compared to histopathology. In contrast, histopathology has low sensitivity,
however, the sensitivity of tissue assessment can be increased by using the detection of an immunogenic molecule, such
as an immunohistochemistry test (Zhang et al., 2017).

The immunohistochemistry increases the sensitivity and specificity of the tissue assessment performed by a
pathologist since it can express the immunogenic molecule within the tissue section. The immunohistochemistry can be
performed by using either monoclonal and polyclonal antibodies (Ascoli and Aggeler, 2018). Each type of antibody has
a different procedure to be produced. Polyclonal antibody is commonly produced by vaccination in animal models, such
as rabbits. The vaccination in rabbits induces the synthesis of antibodies by plasma cells. Nasiri et al. (2017) described
that the vaccination in rabbits produces greater quantities of immunoglobulin G (IgG). The IgG is applicable for
immunohistochemistry. The current study aimed to produce ND polyclonal antibodies through the vaccination in rabbits
as the alternative of immunohistochemistry primary antibody against Newcastle disease compared to molecular tests
using Reverse Transcription Polymerase Chain reaction (RT-PCR).

MATERIALS AND METHODS

Ethical approval

The animal experimentation in the present study was approved by the local ethical clearance committee from the
Faculty of Veterinary Medicine, University of GadjahMada, Yogyakarta, Indonesia with reference number 0005/EC-
FKH/2020. The committee conducted the monitoring and evaluation during this study.
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Time and place of study

The study was conducted from November 2019 until April 2020 in several places. The study was separated into
three steps. The first step was antibody production and it was conducted in the Department of Pathology, Faculty of
Veterinary Medicine, University of Gadjah Mada, Yogyakarta, Indonesia. The second step was an antibody purification
and molecular test. Both antibody purification and the molecular test were conducted in the Laboratory of Microbiology
and Virology, Station of Fish Quarantine and Quality Control, Yogyakarta, Indonesia. Finally, the third step was
immunohistochemistry that conducted in the Integrated Laboratory, Faculty of Health, University of
MuhammadiyahSidoarjo, East Java, Indonesia.

Newcastle disease polyclonal antibody production and purification

The vaccine used for producing polyclonal antibodies of ND was a live vaccine (Medivac, ND Lasota, Medion,
Indonesia). The vaccination process was conducted in two male adult New Zealand White rabbits (Integrated Research
and Testing Laboratory, University of Gadjah Mada, Yogyakarta, Indonesia) weighed 2.5 kg. The vaccine was injected
intraperitoneally into the rabbits in the fourth week using multilevel doses 0.5 mL in the first week, 1.00 mL in the
second week, 2.00 mL in the third week, and 3.00 mL in the fourth week. The serum was collected in the sixth week.
Further, the serum was inactivated and purified following the procedure of Naf’an et al. (2020). The purified ND
polyclonal antibody solution was stored inside the fridge at 4°C of temperature.

Field sample collection

The samples were obtained from semi-intensive local poultry farms in Yogyakarta, Indonesia. A total of 31
samples were collected in the current study. The chickens were randomly selected regardless of sex and age. All the
collected chickens should indicate the clinical signs of ND infection such as torticollis, paralysis, lethargy. The chicken
samples were included 11 broiler chickens, 10 laying chickens, and 10 free-range chickens (Figure 1). The chickens
were euthanized by the cervical dislocation and they were necropsied. The chicken’s brain, lung, spleen, and intestine
were collected and used as the tested specimens. All those organs were divided into two parts, the first part was fixed
using Neutral Buffer Formalin (NBF) for immunohistochemistry and the second one was fixed in the ethanol absolute
for a molecular test.

? 'r'
™

Figure 1. Several clinical manifestations of the chickens used in the present study. The broiler chicken with torticollis
(A), laying chicken with paralysis (B), and free-range chicken with lethargy (C)

Immunohistochemistry

The immunohistochemistry staining used the purified ND polyclonal antibody solution that has been produced in
the first step of the study. The purified ND polyclonal antibody was used as the primary antibody. Further, the
immunohistochemistry staining was performed following the procedure of the previous study (Prakoso et al., 2020). The
positive result demonstrated a brown color, and the negative result did not demonstrate a brown color within the tissue
section.

Reverse transcription-polymerase chain reaction

The RT-PCR was used as the comparison against the immunohistochemistry. The RT-PCR was chosen as the
comparison because the molecular test is a gold standard for the detection of ND in poultry. The following primer was
used as the molecular target, F: 5-GCTGTATCTGTCTGACAAGCTCTC-3> and R: 5’-
AGGTTGAGTTCTACACCAACCTGT-3’ (Angeliya and Wibowo, 2014). The primer was obtained from the Disease
Investigation Center (DIC) Lampung, Indonesia. The procedure of RT-PCR was conducted following the procedure of
the previous study without any modification (Dhar et al., 2018).

Data analysis

All collected data were expressed as positive and negative. The data of immunohistochemistry and RT-PCR were
analyzed by using descriptive qualitative methods. The sensitivity and specificity were measured using the following
formulae: Sensitivity = (number of positive samples/ number of positive samples + number of false-positive samples) x
100%; Specificity = (number of negative samples/ humber of negative samples + number of false-negative samples) x
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100%.

RESULTS AND DISCUSSION

The results indicated that immunohistochemistry staining using ND polyclonal antibody stained brown color in the tissue
that belonging to ND infection. The brown color appeared because of the utilization of diethylaminobenzidine (DAB)
that was used as a chromogen during immunohistochemistry. The brown color was expressed as the reflection of
antigen-antibody binding within the tissue (Figure 2A). In contrast, the negative control specimen did not present any
reactivity (Figure 2B).

Flgure 2. Posmve and negatlve immunoreactivity of Newcastle Disease poncIonaI antlbodles W|th|n the spleen and
intestine tissues from broiler chickens. The brown color expressed a positive immunoreactivity within a spleen tissue
(A), there is no brown color within the intestine tissue that indicated negative immunoreactivity (B).
Immunohistochemistry, ND polyclonal antibody, 200 x (A, B).

Figure 3. Immunoreactivity of Newcastle disease polyclonal antlbodles in several organs of infected chlckens Positive
immunoreactivity in the brain (A), spleen (B), lung’s parabronchus (C), intestine mucosa (D). Immunohistochemistry,
ND polyclonal antibody, 200 x (A, B).
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Figure 4. The RT-PCR results from the samples that have been stained with immunohistochemistry using Newcastle
disease polyclonal antibody. M = marker, 1-6 = samples; K+ = positive control; K- = negative control; NTC = non
template control.

Table 1. The comparison of immunohistochemistry staining using Newcastle disease polyclonal antibody and RT-PCR
results against Newcastle disease infection from the collected specimens of infected chickens

s fth | RT-PCR Total
tatus of the sample Positive Negative ota
) . ) . Positive 19 (61%) 0 (0%) 19 (61%)
Immunohistochemistry using ND polyclonal antibody .
Negative 0 (0%) 12 (39%) 12 (39%)
Total 19 (61%) 12 (39%) 31 (100%)

The immunohistochemistry using ND polyclonal antibody indicated that 19/31 (61%) of the collected specimens
were positive against ND infection and the others were negative. The antigen-antibody binding within the tissue was
detected on several organs including the brain (Figure 3A), spleen (Figure 3B), lung (Figure 3C), and intestine (Figure
3D). As the confirmation test, all the specimens that have been running with ND polyclonal antibodies were tested using
RT-PCR. The RT-PCR demonstrated that 19/31 (61%) were positive and 12/31 (39%) were negative. That is similar to
the result of immunohistochemistry using the ND polyclonal antibody (Table 1). Representation of RT-PCR from the
collected specimens could be identified in Figure 4.

ND infection causes several clinical manifestations with high economic losses among the poultry industry. The
disease is marked by its ability to spread and cause death. The primary gold standard test for the detection of ND
infection is based on a molecular test, such as RT-PCR, However, RT-PCR is one of the expensive laboratory procedures
for Indonesian farmers. Besides, the availability of RT-PCR in Indonesia is still limited, and not all veterinary
laboratories can perform this test (Adi et al., 2010). Those limitations aggravate the incidence and prevalence of ND
infection in a local poultry farm in Indonesia. The diagnosis of ND in the local poultry farm is commonly conducted
based on its clinical signs, macroscopic, and microscopical lesion. The microscopic lesion is majority tested using
histopathology (Cardiff et al., 2006).

The local farmer has been familiar to send the chickens to the laboratory for histopathology. Histopathology
becomes the recommended laboratory test, because it is cheaper than the molecular test, even though histopathology is
time-consuming, and has low sensitivity. The histopathology has low sensitivity because the pathognomonic lesion is not
always representing within the tissue section (Knoblaugh et al., 2018). On the other hand, the sensitivity of tissue
assessment can be increased by using immunohistochemistry. Immunohistochemistry has more accurate results because
it detects the immunogenic molecule either in cells and tissue (Kim et al., 2016). It takes a long time to obtain the
primary antibody for immunohistochemistry in Indonesia since limited companies are producing the primary antibody
for immunohistochemistry in Indonesia. These factors potentially impact the availability of primary antibodies in the
Indonesian market, and it makes both the researcher and technician waiting more than two months for the chemicals.
One of the alternatives to conduct immunohistochemistry is by producing the polyclonal antibody through the
vaccination of rabbits. The vaccination of New Zealand White rabbit produces a specific polyclonal antibody
(Wicaksono et al., 2015).

The vaccination of the rabbit generates serum contained immunoglobulins which are specific for the detection of
antigen within the samples. The polyclonal antibody is produced by the presentation of antigen with numerous epitopes
during the vaccination. The numerous epitope antigen activates a large number of lymphocytes (Lipman et al., 2005).
Further, the lymphocytes proliferate and differentiate into plasma cells that synthesize antibodies (Pioli, 2019). In the
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current study, the produced antibodies were determined as the polyclonal antibody. These polyclonal antibodies have
high specificity because of their ability to recognize a specific epitope rather than forming cross-reaction.

The previous study described that utilization of polyclonal antibody produced by rabbit vaccination could be used
as coagglutination kit with high sensitivity for diagnosing ND in poultry (Naf’an et al., 2020) and diagnosing viral
nervous necrosis in fish (Sulistiyono et al., 2020). The findings of the present study indicated that ND polyclonal
antibodies produced by vaccination can be used as the primary polyclonal antibody in chickens’ tissue staining. The
present study proved that ND polyclonal antibody has similar sensitivity and specificity compared to RT-PCR. It is also
representing that produced ND polyclonal antibody in the current study had high affinity rather than avidity because it
was able to bind the specific location and forming specific antigen-antibody binding. The present study provided an
alternative primary antibody for immunohistochemistry against the ND virus that could be replaced the RT-PCR
dependency to diagnosing ND infection. Like many other breakthroughs in veterinary medicine, the production of a
polyclonal antibody for immunohistochemistry by using rabbit vaccination is a brilliantly simple idea.

CONCLUSION

The vaccination of ND live vaccine in New Zealand White rabbit generates serum consisted of polyclonal antibody. The
ND polyclonal antibody produced by vaccination in the current study could be applied as an alternative polyclonal
antibody for immunohistochemistry in diagnosing ND infection with high sensitivity and specificity compared to RT-
PCR.
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ABSTRACT

It is documented that heat stress caused impairment on the reproductive performance of dairy animals. However,
there are few reports that have focused on the molecular and intracellular responses of in vitro cultured buffalo
granulosa cells during heat elevation. The present study was conducted to investigate the effect of heat elevation
during in vitro culture of buffalo granulosa cells on their viability, quality, mitochondrial activity, and transcriptional
activity. Granulosa cells were harvested after aspiration of cumulus-oocytes complexes that were collected from
abattoir ovaries. The granulosa cells were cultured in vitro either at a normal physiological temperature suitable for
oocyte maturation and embryo development (38.5°C) or exposed to the elevated temperature of 40.5°C on day 3 of
culture (the first two days were for confluence) for two hours of culture then continued at 38.5°C up to day 7 of
culture. The viability of granulosa cells was measured using trypan blue and quality was estimated by measuring the
level of intracellular reactive oxygen species (ROS) on day 7. Moreover, metabolic activity was performed by
measuring the fluorescent intensity of mitochondria. Moreover, transcriptional activity was done by profiling four
selected candidate genes using quantitative real-time PCR. The results indicated that the granulosa cells viability rate
significantly decreased in the heat stress group (25.1 + 3.7), compared to the control group (36.6 + 5.3) on
confluence day (day 3). In addition, the viability rate on the last day of culture (day 7) decreased in heat stress,
compared to control (83.7 + 4.5 and 97.4 + 0.4, respectively). On the other hand, there was a nonsignificant
difference in ROS profile between the control (21.7*10% + 1.3) and the heat-stressed group (15.7 + 0.7) on day 7 of
culture. However, the mitochondrial fluorescent intensity was higher in the control (21.9 + 1.9) than in the heat-
stressed group (15.4 £ 0.8) on day 7 of culture. The expression of cellular defense (HSF1) and apoptosis-inducing
gene (P53) were significantly up-regulated in granulosa cells exposed to heat elevation, compared to the control
group. On the other hand, the steroidogenesis-regulating gene (StAR) was down-regulated in granulosa cells
cultured under heat shock, compared to the control group. In conclusion, heat stress reduced the viability of
granulosa cells by inducing the expression of an apoptosis-related gene (P53) and compromised expression of genes
regulating the steroid biosynthesis, which resulted in up-regulation of cell defense gene (HSF1) in an attempt to
ameliorate the deleterious effect of heat stress on the biological activity of the granulosa cells.
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INTRODUCTION

There are many different challenges that the livestock sectors face in developing countries, including nutrition
deficiency, poor management, and heat stress. Among the environmental stressors, heat stress (HS) has a negative impact
on animal reproductive performance causing great economic losses (Sammad et al., 2020). The HS impairs both ovarian
functions and the developmental competence of oocytes (Sammad et al., 2020). The mammalian ovarian follicle consists
of an oocyte that is surrounded by granulosa (GCs) and theca cells producing molecules, hormones, and nutrients to
maintain the oocyte development potential, ovulation, and preimplantation embryo development (Albertini et al., 2001).

Granulosa cells are ovarian cells that enclose the follicle cavity and have a cross talk with oocytes through physical
contact with zona pellucida and gap junctions, which facilitate the exchange of biological factors (Jancar et al., 2007).
This crosstalk allows GCs to control oocyte maturation and its transcription activity (Carabatsos et al., 2000). Indeed,
granulosa cells play a critical role in oocyte maturation and subsequent embryonic development (Gilchrist et al., 2004)
by providing growth factors, amino acids, ions, and hormones (estrogen and progesterone). In addition, the ruptured
follicle forms the corpus luteum after ovulation, and luteinized GCs become the main source for progesterone synthesis,
which is the key to placenta development and pregnancy maintenance (Denkova et al., 2004; Matsuda et al., 2012). The
steroidogenic activity of granulosa cells is controlled by many genes such as Steroidogenic Acute Regulatory Protein
(StAR), Cytochrome P450 17Al1 (CYP17A1), and 3-beta-Hydroxysteroid dehydrogenases (HSD3B2). In bovine, HS
compromises follicular development, in vitro maturation, and fertilization of oocytes by impairing steroidogenic activity
and viability of granulosa cells (Roth et al., 2001a; Roth et al., 2001b).
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Therefore, the current study focused on the evaluation of granulosa cells viability and transcriptional activity when
the cells were cultured in vitro under HS, compared to normal conditions.

MATERIAL AND METHODS

Experimental design

A constant concentration of granulosa cells was cultured in six-well cell culture plates. Cells were divided into two
groups. The first group was the control that cultured under in vitro normal temperature 38.5°C while the second treated
group was exposed to heat stress at 40.5°C for 2 hours on day 3 of culture (granulosa cells were confluent), followed by
normal temperature until day 7 of culture. Cells viability was measured using trypan blue and quality was estimated
using intracellular reactive oxygen species successively on day 3 after heat treatment and day 7. Moreover, metabolic
activity was performed by measuring the mitochondrial activity and transcriptional activity was done by profiling four
selected candidate genes (HSF1, StAR, and P53, BCL2) using quantitative real-time PCR (Ghanem et al., 2020b).

Chemicals and reagents

Collection of ovaries and granulosa cells preparation

The collection of GCs was done according to Ghanem et al. (2020a). Ovaries were collected from local slaughtered
houses in physiological saline supplemented with gentamycin and kept at approximately 37°C. Granulosa cells were
aspirated from buffalo’s follicles (2-8 mm). After oocyte selection, granulosa cells were centrifuged at 1500 rpm for 5
minutes. The pellet of granulosa cells then was re-suspended in the washing medium [TCM-199 (Sigma-Aldrich, St.
Louis, MO, USA) supplemented with 10% fetal calf serum (Gibco, Thermo Fisher Scientific, USA) and 1% antibiotic
(streptomycin and penicillin)]. An 18-gauge needle mechanically broke the clumps of the cell. Finally, a total of 500000
cells were cultured per well under 38.5°C 5% CO2 and humidified air until the treatment.

Granulosa cells trypsinization

The trypsinization of GCs was performed according to Ghanem et al. (2020a). The medium was aspirated from
each well slowly and the cell layer was washed twice with sterilized phosphate buffer saline (PBS). A total volume of
100 pl of trypsin EDTA (Sigma-Aldrich, St. Louis, MO, USA) solution (10%) was added to every well slowly then the
plate was incubated at 38.5°C for 30 seconds. In the next step, 1 ml of washing medium was added and the suspension
was centrifuged at 1500 rpm for 5 minutes. The pellets of GCs were mixed with 1 ml of washing medium.

Granulosa cells viability

Cells viability was determined using trypan blue (0.4%) according to Ghanem et al. (2020a). A total volume of 10
ul of cell suspension was mixed with 10 pl of trypan blue and incubated at room temperature for 1-2 minutes. Total cell
count and viable cell count were calculated by hemocytometer using a magnification of 10 X (Inverted Microscope,
Leica DMI 3000B, Wentzler, Germany).

Intracellular reactive oxygen species detection

Intracellular reactive oxygen species (ROS) were detected by 6-carboxy-2’, 7'-dichlorodihydro fluorescein
diacetate (H2DCFDA,; life technologies, California, USA) according to the protocol described by the manufacturer with
some modifications according to Ghanem et al. (2020a). Granulosa cells from each group were incubated with 985 pl of
15 pl MH2DCFDA mixed with 970 pl PBS at 38.5°C for 45 minutes. The cells were washed with PBS and images were
captured with a Nikon Eclipse Ti-S microscope (Nikon Instruments Inc., Tokyo, Japan) using a blue-fluorescence filter,
and images were acquired by LAS Core software.

Mitochondrial activity

Mitochondrial activity of buffalo GCs was determined using MitoTracker® Green FM (M7514, life technologies)
according to the manufacturer's instructions with some modifications according to Ghanem et al. (2020a). The GCs from
each group were incubated with 200 pl MitoTracker green dye to 800 pl PBS for 45 minutes, followed by washing with
PBS. The images were captured with a Nikon Eclipse Ti-S microscope (Nikon Instruments Inc., Tokyo, Japan) using a
blue-fluorescence filter, and images were acquired by LAS Core software.

Image analysis after fluorescent staining
Captured images (13 images) per stain were processed using Image J software. The data of fluorescence intensity
were presented as mean + SD.

RNA isolation
Total RNA was extracted using GeneJet RNA Purification Kit (ThermoFisher Scientific, USA) from three different
biological replicates of granulosa cells of each experimental group according to Faheem et al. (2021). First, a volume of
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600 pL of Lysis buffer was supplemented with 12 L. of B-mercaptoethanol added to each sample tube, and mixed with
vortex until homogenization was reached. The sample tubes were centrifuged at 16000 x g for 5 minutes. The mix was
transferred into a new RNase-free microcentrifuge tube. After that 600 uL of ethanol (96-100%) were added and the
solution was mixed by pipetting. Up to 700 uL of lysate were transferred to the GeneJET RNA Purification Column
inserted in a collection tube. The columns were centrifuged at 12000 x g for 1 minute. The flow-through was discarded
and the purification column was placed back into the collection tube. This step was repeated until all of the lysates were
transferred into the column and centrifuged. The collection tube containing the flow-through solution was discarded and
the GeneJET RNA Purification Column was placed into a new 2 mL collection tube. Afterwards, 700 pL of wash buffer
1 (supplemented with ethanol) was added to the GeneJET RNA purification column and centrifuged at 12000 x g for a
minute. The flow-through was discarded and the purification column was placed back into the collection tube. Moreover,
600 ul of Wash Buffer 2 (supplemented with ethanol) was added to the GeneJET RNA purification column and
centrifuged at 12000 x g for a minute. The flow-through was discarded and the purification column was placed back into
the collection tube. The previous step was repeated using 250 pL of wash buffer 2 that was added to the GeneJET RNA
purification column and centrifuged at 12000 x g for 2 minutes. The flow-through solution was removed and the
purification column was moved to a new tube. Finally, RNA was eluted by adding 20 uL of nuclease-free to the center of
the GeneJET RNA purification column membrane and centrifuged at 12000 x g for 1 minute. The DNA residue was
removed by adding 1 pl of DNases and 1 ul of MgCI2 buffer (ThermoFisher Scientific, USA) to each RNA sample and
incubated at 37°C for 30 minutes in a PCR instrument (ThermoFisher Scientific, USA) then 1ul of EDTA was added and
incubated at 65°C for 10 minutes. The purification column was discarded and eluted total RNA was measured using a
nanodrop spectrophotometer (ThermoFisher Scientific, USA) and purity was estimated using measurement at 260/280
ratio. The extracted total RNA was stored at -70°C in an ultra-cool freezer (ThermoFisher Scientific, USA) until further
use.

The synthesis of cDNA

The reverse transcription of RNA samples to cDNA was done using RevertAid first-strand cDNA synthesis kit
(ThermoFisher Scientific, USA) according to Ghanem et al. (2020b). The following chemicals were added to each of
RNA samples, 1 pl of oligo dt18 primer, 4 ul of PCR buffer, 2 pl of dNTPs, 1 ul of RNase inhibitor, 1 ul RNase inhibitor
enzyme, 1 pl of reverse transcriptase enzyme were gently mixed by pipetting. The PCR mix was incubated in PCR
thermocycler (Thermo Fisher Scientific, USA) at 42°C for 60 minutes, then at 70°C for 5 minutes and at 4°C overnight.

Quantitative real-time PCR analysis

Three replicates from each treatment were used for profiling selected candidate genes using quantitative real-time
PCR analysis. Each pair of primers (Table 1) of selected candidate genes (HSF1 and StAR) and housekeeping gene
(GAPDH) were designed using primers3 software (https://primer3.ut.ee/). The real-time PCR reaction mix was prepared
by adding 12 ul of Maxima Sybr green PCR master mix (ThermoFisher Scientific, USA), 5.4 ul nuclease-free water, and
0.3 ul of forward and reverse primers which were incubated in StepOnePlus™ instrument (ThermoFisher Scientific,
USA). The PCR mix was incubated at 50°C for 2 minutes, initial denaturation was done at 95°C for 10 minutes followed
by 40 cycles of 95°C (Denaturation) for 15 minutes than at 60°C for 1 minute (annealing), and finally, melt curve at
95°C for 15 seconds and then 60°C for 1 minute. The expression data were analyzed using the delta-delta Ct method
after normalization of the target genes with the housekeeping gene.

Table 1. List of primers used for quantitative real-time PCR analysis

Gene bank accession . Fragment size
Gene Name Primer sequence

number (bp)
StAR XM_006183353.3 F:5'-CCATGGAGAGGCTTTATGAA-3’ 103

DQ062682.1 R:5-TCTTTCCCAATCTTCTGCAG-3’
HSEL KC568561 F:5’-CGACCACCCTCATTGACTCC-3 170

R:5’-CATCTTTGGAGTGCGAGCCA-3’

F:5'- CCACCTGAAGTCTAAGAAGG-3’
P53 XM_006175816.3 R:5"- AGTGCAGGTCAACTTCTTTA-3' 250

F-5’ACATCCACTATAAGCTGTCG3'
BCL2 XM_010979993. R:5' -TAGCGCCGAGAGAAGTCAT3' 241

F:5-TGCCCAGAATATCATCCCT-3’
GAPDH NM_001034034.2 R:5'- CTCATCATACTTGGCAGGTT-3’ 166

Statistical analysis of data
The viability of granulosa cells, metabolic activity, and ROS level data were analyzed by applying a One-way
Analysis of Variance (ANOVA). The analyzed data were expressed as mean + standard error (SE) of means (SEM).
Comparisons were significantly different if p < 0.05. Statistical analysis of data was performed using the IBM SPSS
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Statistics 22 program (SPSS Inc., Chicago, Illinois, USA). The expression profiles of selected target genes were analyzed
using the SAS (SAS, 2004) using the general linear model (GLM) procedure. In addition, Duncan’s test was used to
detect differences among means of the two studied groups. Values of means were considered significant at p < 0.05.

RESULTS

Granulosa cells viability rate

At the beginning of the experiment, the viability rate was 88.3. The viability rate of granulosa cells showed a
significant increase in control (36.6 + 5.3), compared to the heat-treated group (25.1 £ 3.7) on day 3 of in vitro culture
(Table 2). Moreover, there was a significant (p < 0.05) increase in granulosa cells viability rate in control (97.4 £ 0.4),
compared to the HS group (83.7 £ 4.5) at the end of the culture period (day 7) as shown in Table 2.

Table 2. Viability rate of buffalo granulosa cells after heat shock at 40.5°C for 2 hours on days 3 and 7 of in vitro culture

Items Initiate At confluence (day 3) End of culture (day 7)
Control 88.3+0.0 36.6 5.3 97.4 +0.4°
Heat-treated GCs 88.3+0.0 25137 83.7+45

GCs: Granulosa cells

Mitochondrial activity

Mitochondrial activity was detected at the end of the culture period (day 7). Moreover, the mitochondrial
fluorescent intensity was higher (p < 0.05) in the control (21.9 £ 1.9) than in the heat-stressed group (15.4 + 0.8) as
shown in figures 1 and 2 (a and b).

Reactive oxygen species level
There was an insignificant difference between the control (21.7 £ 1.3) and the heat-stressed group (15.7 + 0.7) on
day 7 of culture figures 3 and 4 (a and b).

Gene transcriptional profile

Heat shock factor 1 expression
The transcriptional profile of HSF1 gene was significantly up-regulated in granulosa cells exposed to HS compared
to that cultured under normal temperature (Figure 5).

Steroidogenic acute regulatory gene (star) expression
The expression of StAR gene was up-regulated significantly (p < 0.05) in the granulosa cells of the control,
compared to the HS group (Figure 6).

Antiapoptosis-related gene
The expression of BCL2 was similar in the granulosa cells of the control group and HS group (Figure 7).

Apoptosis-related gene
The transcript abundance of P53 gene was increased significantly in the granulosa cells of control compared with
that of the HS group (Figure 8).
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Figure 1. Mitochondrial fluorescent intensity of buffalo granulosa cells after heat shock at 40.5°C for 2 hours on day 7
of in vitro culture
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Figure 2a. Mitochondria of granulosa cells cultured in Figure 2b. Mitochondria of granulosa cells cultured in
vitro under normal temperature and stained with  vitro under heat stress conditions and stained with
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Figure 3. The level of reactive oxygen species of buffalo granulosa cells after heat shock at 40.5°C for 2 hours on day 7
of in vitro culture

Figure 4a. Reactive oxygen species of granulosa cells Figure 4b. Reactive oxygen species of granulosa cells
cultured under normal condition and stained with cultured under heat stress and stained with MH2DCFDA
MH2DCFDA
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Figure 5. The expression profile of heat shock factor 1 of Figure 7. The expression profile of anti-apoptotic related

buffalo granulosa cells after heat shock at 40.5°C for 2 transcript (BCL2) of buffalo granulosa cells following
hours on day 7 of in vitro culture heat shock at 40.5°C for 2 hours on day 7 of in vitro
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DISCUSSION

Elevation of ambient temperature caused HS on dairy animals and resulted in a reduction in fertility that manifested in
impairment of follicle development, estradiol biosynthesis, ovulation, oocyte quality, and early embryonic development
(Badinga et al., 1993; Wakayo et al., 2015; Li et al., 2016a). In the present study, the increased temperature on day 3
during in vitro culture of granulosa cells reduced the viability of granulosa cells, compared to the control group.
However, Faheem et al. (2021) have observed that cultured GCs exposed to 40.5°C for different time durations (24, 48,
and 72 hours) showed no significant differences in the GCs viability of the post-heat-treatment group, compared to the
control group that was exposed to 37°C. In support to the current findings, it was demonstrated that exposure of bovine
granulosa cells to heat shock at 39°C, 40°C, and 41°C significantly for 2 hours reduced the cell viability, increased
incidence of apoptosis, and finally impaired steroidogenesis by reducing estradiol and progesterone levels (Khan et al.,
2020). The results of the current study (Table 2) revealed that a reduction in cellular viability was linked with decreased
metabolic activity after exposure to heat elevation at the end of the culture period (day 7). This could be a sign of an
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intracellular demise due to thermal stress through the incidence of apoptosis that compromises all biological activity of
granulosa cells.

Indeed, granulosa cells proliferate and synthesize hormones required for follicular growth and development (Petro
et al.,, 2012). This ability depends on the antioxidant capacity of granulosa cells to sustain the optimum
microenvironment inside the follicle. The results of the present study (Figures 3 and 4a, b) indicated a high capacity of
granulosa cells to scavenge the ROS, which either produced by reducing endogenous metabolic activity or induced by
heat stress as there was no significant difference between the control and heat-stressed group on day 7 of culture. These
results were in accordance with those obtained by Faheem et al. (2021) who detected stability on the steroidogenic
activity of GCs under heat elevation by stable expression of SOD2 and sustaining intracellular antioxidant capacity under
heat elevation. However, the steroidogenic activity that was indicated in the present study by StAR expression (Figure 6)
might be compromised due to the differences in the culture condition and low GCs concentration. In addition, heat
elevation increased intracellular ROS level (Paul et al., 2009), subsequently induced apoptosis (Liu et al., 2015), and
finally impaired the development competence of oocyte (Blondin et al., 1997). Similarly, the results of the current study
indicated higher expression of apoptosis, inducing genes, namely P53 (Figure 8) in heat-stressed buffalo granulosa cells
although there was no difference in the expression of anti-apoptotic related transcript (BCL2). Similarly, earlier
investigations revealed apoptosis incidence in bovine granulosa cells coupled with increased expression of HO-1 (play
role in the protective response to stress), however, the precise molecular mechanism is still unknown (Li et al., 2016b;
Luo et al., 2016). Recently, heat stress caused apoptosis induction and incidence of oxidative stress and by increasing
expression of NRF2 and HO-1 genes in in vitro cultured granulosa cells (Wang et al., 2019). Indeed, the maintenance of
the cellular antioxidant system of granulosa cells under heat stress is regulated by the suppression of apoptosis and
increased proliferative activity (Regan et al., 2018) however, when the cells cannot tolerate intense heat stress
subsequently the viability of cells is compromised.

The HS impairs the development of the ovarian follicle and the cells increase the biosynthesis of heat shock
proteins to repair cellular damaged proteins (Li et al., 2016b). In a study done in bovine granulosa cells, heat shock
genes, such as HSP32, HSP60, HSP70, HSP90, and HSP105, were upregulated in response to heat shock (Li et al.,
2016a). In agreement with this observation, the results of the current study showed increased expression of HSF1 (Figure
5) in buffalo granulosa cells exposed to heat elevation for 2 hours on day 3. Moreover, the GCs reduced the expression
profile of gene-regulating steroidogenic activity (StAR). It was demonstrated a lower expression of the StAR gene in
heat-stressed bovine granulosa cells (Khan et al., 2020). Additionally, the transcript abundance of HSF1 was upregulated
in in vitro matured buffalo cumulus-oocyte complexes that developed under heat stress (El-Sayed et al., 2018). The
elevation of heat during in vitro culture of granulosa cells, reduced viability that might attenuate steroidogenic activity by
reducing expression of StAR. Moreover, the stability of ROS level and upregulation of HSF1 is the key cellular response
of defense mechanism that might protect GCs functionality under suboptimal heat elevation conditions.

CONCLUSION

Based on the findings of the present study, heat stress reduced the viability of granulosa cells by inducing the expression
of an apoptosis-related gene (P53) and compromised the expression of genes regulating the steroid biosynthesis. In
response to this suboptimal intracellular condition, GCs up-regulated cell defense gene (HSF1) in an attempt to
ameliorate the deleterious effect of heat stress on their biological activity.
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ABSTRACT

As a dietary supplement for animals, Moringa oleifera is very useful because its leaves are very nutritious. Moringa
oleifera leaves are rich in fats, proteins, vitamins, and minerals with antimicrobial effects. Leaf tea is used to treat
ulcers in the stomach and diarrhea. Moringa leaves are considered healthy food sources and are recommended for
anemia from malnutrition due to the high protein, fiber, and iron content of the leaves. Moringa oleifera leaves are
primarily used for medicinal and human consumption purposes since they are abundant in antioxidants and other
nutrients. Due to the low energy and digestibility of proteins, Moringa oleifera leaf meal supplementation increases
feed intake and feed conversion ratio, as well as decreasing egg mass yield, percentage of egg production, and egg
weight. More research in these areas is required to make full use of the potential advantages of the Moringa oleifera
plant as layer feed.
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INTRODUCTION

Chickens are a major and inexpensive source of animal protein, so poultry production plays a vital role in social and
economic securities in developing countries (Olwande et al., 2010; Melesse et al., 2013). Nutrition and environmental
factors affect the production output of poultry (Gakuya et al., 2014). Protein supplementation is very important for egg
production, with the key sources being soya bean meal and fish meal (Gakuya et al., 2014).

In most developed countries, poultry production industries face the challenge of raising feed costs by 60-70%
(Tesfaye et al., 2013). Modern poultry husbandry systems strive to achieve full benefit at the lowest cost of production.
This situation has led to the need to look for cheap, locally available, and less competitive alternatives for some poultry
feed ingredients, and in particular, protein sources (Gadzirayi et al., 2012). In this context, the best alternative protein
source may be Moringa oleifera leaves.

Many parts of Moringa oleifera (leaves, fruits, immature pods, and flowers) are incorporated into typical human
foods in many tropical and subtropical countries (Siddhuraju and Becker, 2003). Moringa oleifera is the supplement
chosen as a leaf meal in animal diets (Siddhuraju and Becker, 2003). India, the Philippines, Ethiopia, and Sudan are
widely known for the Moringa oleifera cultivation. The Moringa oleifera tree is cultivated in tropical Asia, Latin
America, the Caribbean, the Pacific Islands, South Africa as well as West and East Florida (Fahey, 2005). In Ethiopia,
the Moringa tree is called Shiferaw or Cabbage Tree and is usually found in the southern region.

As a feed for livestock, supplementation of Moringa oleifera is potentially beneficial, as its leaves are highly
nutritious. The most nutritious components are Vitamin B complexes, Vitamin C, beta-carotene, Vitamin K, manganese,
and protein, among other essential nutrients, present in Moringa oleifera leaves (Leone et al., 2015). Moringa oleifera
leaves have high levels of fats, proteins, minerals, and vitamins and have antimicrobial properties (Onunkwo and
George, 2015). Supplementing the diets of farm animals with Moringa oleifera was inadequate to increase production
quality and health. Although Moringa oleifera has medicinal importance for the health of chickens, the supplementation
of Moringa oleifera levels in the poultry diet is low due to the farmers’ and producers’ lack of knowledge (Mahfuz and
Piao, 2019). Moringa oleifera has a high nutritional content, but there is little information on its use as a source of
protein in the layer ration in poultry feeding. Consequently, data on the effects of feeding Moringa oleifera leaf meal
(MOLM) is scarce when it comes to laying efficiency or egg production, egg quality and egg shelf life, chicken fertility,
and hatchability (Alebachew et al., 2016). This review, therefore, intended to evaluate the role of Moringa oleifera leaf
meal in layer chicken growth results.

Nutritional value of Moringa oleifera
Moringa oleifera is rich in protein, amino acids, carbohydrates, minerals, vitamins, and organic acids, and is known
for its nutritional value (Raja et al., 2013). Moringa leaves have anti-bacterial, anti-inflammatory effects (Abbas et al.,
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2018). Gastric ulcers and diarrhea are treated with Moringa oleifera leaf tea. Moringa leaves are safe food sources for
those suffering from anemia due to malnutrition because of the high protein and fiber content and iron content (Abbas et
al., 2018). The most nutritious component is the leaves of Moringa oleifera, which are an important source of Vitamin B
complex, Vitamin C, beta-carotene pro-vitamin A, Vitamin K, manganese, and protein, among other essential nutrients
(Mahfuz and Piao, 2019).

Compared to seeds, a greater quantity of minerals is found in Moringa oleifera leaves (Annongu et al., 2014). In
reality, moringa is said to supply 7 times more vitamin C than oranges, 10 times more vitamin A than carrots, 17 times
more calcium than drain, 9 times more protein than yoghurt, 15 times more potassium than bananas, and 25 times more
press than spinach (Gopalakrishnan et al., 2016).

Moringa oleifera’s fresh leaves contain seven times the Vitamin C of oranges and four times the Vitamin A of
carrots. However, Moringa oleifera’s dried leaves contain 10 times the Vitamin A and 1/2 times the Vitamin C of
oranges (Mahmood et al., 2010). As an animal feed supplement, the leaves of Moringa oleifera are very useful as their
leaves are highly nutritious. Moringa oleifera is an excellent source of vitamins and amino acids that are alleged to
improve the immune system (Olugbemi et al., 2010). Moringa oleifera seeds and leaves contain all essential amino acids
and, when compared to the prescribed amino acid pattern requirements for most farm animals, these are higher than
sufficient amounts (Alikwe and Omotosho, 2013). The leaves of Moringa oleifera have between 16 and 19 amino acids,
out of which 10 are known as essential amino acids (Sonkar et al., 2019).

Table 1. Mineral compositions of Moringa oleifera leaves Table 2. Vitamin compositions of Moringa oleifera

(state whether these values are on a fresh or dry matter leaves and seeds

basis) Vitamins Leaf Seed
Minerals Leaves (mg) Vitamin A (mg) 6.3-6.8 0.3-0.8
Calcium (Ca) 99.1 Vitamin B1 (mg) 2.59-2.64 0.05-0.06
Phosphorous (P) 70.8 Vitamin B2 (mg) 20.5-21 0.06-0.08
Magnesium (Mg) 351 Vitamin B3 (mg) 8.2-9.6 1.2-1.9
Iron (Fe) 1.3 Vitamin B5 (mg) 0.13-1.6 0.7-09
Zinc (Zn) 0.85 R
Sodium (Na) 70 V!tam!n B9 (mg) 39.5-40 46-48
Manganese (Mn) 0.119 Vitamin C (mg) 17.3-19.4 124-130
Potassium (K) 471 Vitamin E (mg) 113-121 -
Reference: Abbas et al. (2018) Reference: Chelliah et al. (2017)

Phytochemical composition of Moringa oleifera leaf meal

A high concentration of phytochemicals accumulates in plants, which can defend against free radical damage
(Alagbe, 2019). Vitamins (A, C, and E), flavonoids, and tannins, have been found to have high levels of antioxidants,
which have a variety of health benefits for humans and animals (Alagbe, 2019). The synergistic combination of these
phytochemicals in Moringa oleifera causes an increase in feed intake, palatability, and disease prevention (Alagbe,
2019). A massive wide variety of bioactive compounds have been identified in Moringa oleifera (Martin et al., 2013).
Vitamin-rich leaves, carotenoids, polyphenols, phenolic acids, flavonoids, alkaloids, glucosinolates, isothiocyanates,
tannins, and saponins are the most commonly used parts of the plant (Leone et al., 2015). Moringa oleifera leaves are
often used for medicinal and human nutrition purposes since they have high levels of antioxidants and other nutrients
usually lacking in people living in undeveloped nations (Popoola and Obembe, 2013). Moringa oleifera leaves have been
used to treat various diseases, ranging from malaria and typhoid fever to high blood pressure and diabetes (Sivasankari et
al., 2014).

Effect of Moringa oleifera leaf meal on the performance of layers

Melesse et al. (2011) found that using Moringa stenopetala leaf meal in the diet of Rhode Island Red chicks
resulted in a significant improvement (p < 0.05) in feed and crude protein consumption, average weight gain, feed
efficiency ratios, and protein efficiency ratios as compared to the control diet. As a supplement for sunflower seed meal,
the addition of 10 percent and 20 percent Moringa oleifera leaf meal to the laying hen diet significantly (p < 0.05)
increased feed intake and dry matter feed intake and decreased the development of egg mass (Kakengi et al., 2007). As
the amount of Moringa oleifera leaf meal increased, the percentage of egg production decreased. The feed conversion
ratio (kg feed/kg egg) is improved when 20% Moringa oleifera leaf meal was added to the laying hen diet. At a level of
20%, the addition of 5% Moringa oleifera leaf meal significantly increased egg weight (p < 0.05) but leading to lower
egg weight (Abbas, 2013)

The increase in feed intake and feed conversion ratio and the decrease in the production of egg mass, percentage of
egg production, and egg weight at higher levels of Moringa oleifera leaf meal was mainly due to low energy and protein
digestibility (Abbas, 2013). Olugbemi et al. (2010) noted that Moringa oleifera leaf meal supplementation had no
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significant impact on feed consumption, feed conversion ratio, and laying percentage at levels of up to 10% in a cassava
chip-based diet provided to laying hens. In contrast to the control diet (free of Moringa oleifera leaf meal and cassava
chip), egg weight substantially increased as a result of the supplementation of Moringa oleifera leaf meal with cassava
chip (Abbas, 2013).

Abou-Elezz et al. (2011) agreed that up to 10% of the use of Moringa oleifera leaf meal had no adverse effect on
laying hens’ efficient output, but levels above that (15% and 20%) are expected to have adverse effects. Moringa oleifera
leaf powder increases the number of eggs per week, egg weight, egg width, egg surface, yolk height, yolk weight,
albumen weight, and yolk ratio in the layer diet of chickens by 2.5% and 5%, compared to the control diet (Ebenebe et
al., 2013).

Effect of Moringa oleifera leaf meal on the egg quality

There was no difference between the control groups and dietary inclusion of Moringa oleifera leaves (p > 0.05) in
terms of the Haugh units, eggshell intensity, or egg shape index (Durmus et al., 2004). The addition of Moringa oleifera
leaf had no impact on the egg shape index, which is linked to eggshell intensity and egg grade (Ebenebe et al., 2013).
Mabusels et al. (2018) discovered that adding 10% Moringa oleifera seed meal to layer diets increased shell thickness,
compared to the control diet. However, both 5% and 7.5% Moringa oleifera seed meal supplementation had the same
effect on eggshell thickness. With regard to the effect of different Moringa oleifera leaf levels on layer diet, lower levels
of inclusion increased egg production and egg quality, but higher levels of inclusion resulted in lower productivity and
lower quality indices in the Isa Brown Breed layer chickens (Ebenebe et al., 2013). The R2 value for the relationship
between egg weight and MOL inclusion amount in the diet was 0.99. Increased MOL levels in the diet resulted in a
decrease in egg weight, egg width, yolk weight, and yolk (p < 0.05), but MOL had no effect on egg volume, yolk
duration, yolk index, or shell weight and thickness (Raphael et al., 2015).

Increased levels of MOLM did not affect feed consumption, weight gain, customer acceptance of boiled eggs, and
egg weight (p > 0.05, Gakuya et al., 2014). In terms of the impact of different MOL levels on layer diet, MOL inclusion
at lower levels improved egg production and egg quality, but higher levels of inclusion resulted in lower productivity and
lower quality indices of Isa Brown Breed layers (Ebenebe et al., 2013). There was, however, no substantial difference
between the eggs from MOLM diets and those from supermarkets in the egg yolk color ratings (Gakuya et al., 2014).
There are no major variations in egg weights from layers of Moringa oleifera leaf and twig meals at levels ranging from
0.2% to 0.8% (Paguia et al., 2014).

Table 3. Effects of feeding various levels of Moringa oleifera leaf meal as a replacement for soya bean meal on dual-
purpose of egg quality in Koekoek hens
Moringa oleifera leaf meal incorporation

T1(0) T2 (5%) T3 (10%) T4 (15%)
Parameters

Egg weight (q) 48.66 £ 0.36° 54.51+0.47%° 49.94+091° 50.31+0.33
Egg shape index 80.92+056° 75.80+0.10° 77.23+0.76™  78.79 +0.25®
Shell weight (g) 567+033"  866+033%  6.33+0.66° 6.00 + 0.57°

Albumen weight (g) 21.67+0.33° 29.66+120° 2533+0.33° 23.33+0.88%
Haugh unit 75.33+0.33° 87.33+0.33* 79.00+057°  77.67+1.45°
Yolk weight (g) 1533+0.33° 20.66+0.33* 17.00+1.00° 17.33+0.33"
Yolk index 027+057° 034033 0.33+057®  0.32+0.33®

Reference: Tesfaye et al. (2018). Different superscript letters in a row mean statistical differences (p < 0.05). MOLM: Moringa oleifera leaf meal,
SBM: Soybean meal, T: Ration containing 0% MOLM, T2: Ration containing 5% MOLM, T3: Ration containing 10% MOLM, T4: Ration containing
15% MOLM.

Effect of Moringa oleifera leaf meal on fertility and hatchability

Moringa oleifera used as an alternative feed ingredient in the layer ration showed a non-significant effect on
fertility, hatchability, and embryonic mortality (Etalem et al., 2014). Moyo et al. (2011) mentioned higher levels of zinc
and Vitamin E in Moringa oleifera leaf played a beneficial role in egg hatchability. Likewise, Durmus et al. (2004) noted
increased hatchability with increasing zinc concentration in the diets of Brown parent stock layers. Moringa contains
large amounts of iron, calcium, and phosphorus, and Vitamin C is moderately high (Agbaje et al., 2007). Adesola et al.
(2012) reported improved hatchability in the diets of indigenous Venda hens as a result of ascorbic acid supplementation.
However, the relatively poor hatchability and higher embryonic mortality observed in the control group may be due to a
lack of critical nutrients, such as zinc and Vitamin E, which are necessary for better hatchability (Mahmood and Al-
Daraji, 2011).
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Effects of Moringa oleifera on health status in laying hens

In determining the health status of chickens the analysis of blood parameters is incredibly important (Mahfuz and
Piao, 2019). In line with Aye and Adegun (2013), higher levels of albumin levels were observed in laying hens fed with
3 % Moringa leaf meal, compared to the control group, but the number of white blood cells (WBCs), red blood cells,
lymphocytes, and packed cell volume were lower than the control diets in Moringa-fed groups. The antimicrobial
activity of the phytochemicals in Moringa leaves may be attributed to the fact that Moringa-fed chickens have fewer
WBCs and lymphocytes. A high WBC count is commonly linked to an infection caused by bacteria in the host (Mahfuz
and Piao, 2019). The findings of this study indicated that Moringa pod meal supplementation was found to have lower
serum cholesterol levels (Mahfuz and Piao, 2019). Lower plasma levels of malondialdehyde (MDA) and higher
glutathione peroxidase have been linked to higher antioxidant activity in laying hens fed Moringa leaf meal (Lu et al.,
2016). Plasma total protein levels were dietary 5% higher after Moringa leaf meal supplementation, which is a good
predictor of liver synthetic activity. Furthermore, lower plasma uric acid indicated that supplemented laying hens
retained more protein (Lu et al., 2016). Increased antioxidant enzyme activity and lower MDA levels in plasma and egg
yolks indicated that Moringa supplementation could improve antioxidant activity and Moringa oleifera has strong
phytobiotic properties.

CONCLUSION

In developing countries, poultry production plays a significant socio-economic role since chickens are an important and
inexpensive source of animal protein. As a feed for livestock, supplementation of Moringa oleifera is potentially
beneficial and its leaves are highly nutritious. The most nutritious components are Vitamin B complexes, Vitamin C,
beta-carotene, Vitamin K, manganese, and protein, among other essential nutrients that are present in Moringa oleifera
leaves. The increase in feed intake and feed conversion ratio and the decrease in the production of egg mass, percentage
of egg production, and egg weight at higher levels of Moringa oleifera leaf meal were mainly due to low energy and
protein digestibility. The effect of different Moringa oleifera leaf levels on layer diet, lower levels of inclusion increased
egg production and egg quality, but higher levels of inclusion resulted in lower productivity and lower quality indices in
the Isa Brown Breed layer chickens. Moringa oleifera leaves are mostly used both for medicinal and human nutrition
purposes since they are rich in antioxidants and other nutrients, which are usually deficient in people living in
undeveloped countries. More research in these areas is required in order to make full use of the potential advantages of
the Moringa oleifera plant as layer feed.
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ABSTRACT

Neonicotinoids are a relatively small group of organic compounds that are widely used in crop production as
insecticides. They are highly toxic to insects, and much less toxic to mammals, including humans. Accordingly, the
present study aimed to investigate the effects of chronic toxicity of insecticides from the group of neonicotinoids
Mospilan RP (active substance acetamiprid) and Actara 25 WG (active substance thiamethoxam) on white mice. The
chronic toxicity was induced by daily internal introduction of Mospilan RP and Actara 25 WG to mice for 30 days at
the doses of 1/10 of Median Lethal Dose reported as 65 and 363 mg/kg of body weight, respectively. The affected
mice showed thrombocytosis, neutrophilic leukocytosis, and lymphocytopenia. Blood plasma hyperproteinemia in
mice treated with Mospilan RP and Actara 25 WG was characterized by an increase in globulins content by almost
30.0% in both groups. In Mospilan RP and Actara 25 WG treated groups, there was a reduction in urea content by
43.6% and 31.5%, respectively, an increase in aspartate aminotransferase activity by 80% and 60.0%, and y-
glutamyltranspeptidase by 80% and almost 400%, respectively. Compared to the control group, the activity of
alanine aminotransferase increased to 23.0% only in mice that were given Mospilan RP but not in mice that were
given Actara 25 WG.

Keywords: Actara 25 WG, Chronic Toxicity, Insecticides Toxicity, Mospilan PP, Neonicotinoids, White Mice

120z dung TO :paldadny
120z 1dy 20 :paniadey

12114V TVNIDIHO

INTRODUCTION

The latest agricultural technologies require the extensive use of pesticides and agrochemicals. There is an annual growth
of pesticide usage in Ukraine and the world. For instance, 15 years ago, the prevalence of pesticide usage in Ukraine
mounted to more than 300 active substances with about 400 preparative forms (Kovalenko et al., 2010).

The use of pesticides and agrochemicals in agriculture is a necessary condition for obtaining a high yield. Scientific
research and practical experience have proven that one of the most effective methods of protecting plants from diseases
and pests is the use of chemicals. There has been a growing concern regarding the negative effects of pesticides on
animal and human health (Christen et al., 2017; Wood et al., 2018; Wood et al., 2019). Concurrently, the agricultural
pests develop a certain level of insensitivity to the chemicals. The adaptation of pests to pesticides develops over 10-30
generations and it supports the validity of evolution theory, meaning that in the process of microevolution, a new
property is produced (Lavryshyn et al., 2016). For instance, the Colorado potato beetle has developed immunity to
insecticides. Being aware of this, the farmers may increase the concentration of insecticides used on fields up to 10 times
over recommended dosages which is harmful to many other organisms and poses the threat to food chain contamination
(Smith et al., 2016).

Over the past decades, the volume and geography of pesticide usage in the world have significantly changed. With
the introduction of modern agricultural technologies, there is a tendency to increase the use of highly effective pesticides
with low consumption rates, which can reduce their negative impact on the environment. For example, a new generation
of neonicotinoids synthetic analogs of natural nicotine is quickly developed to protect plants from harmful insect species.
Unlike nicotine, they have almost no skin-resorptive effects, which enhance their use in fighting against ectoparasites in
animals (Bal et al., 2012).

Accordingly, a large number of preparations have been made due to the high insecticidal activity of neonicotinoids.
For example, in the United States in 2008, there were about 190 commercial preparations and 600 ones in 2011.
Moreover, 45 preparations were registered in Russia in 2012, 35 in Australia in 2011, 30 in the UK in 2010, and 27 in
New Zealand in 2010 (Bazaka et al., 2017).

208
LCRAICRGINEETE Dukhnytskyi V, Sokolyuk V, Kozii N, Ligomina I, Karpyuk V, and Honcharenko V (2021). Assessing the Chronic Poisoning of White Mice Affected by
Mospilan RP and Actara 25 WG. World Vet. J., 11 (2): 208-214.


http://www.wvj.science-line.com/
http://www.science-line.com/index/
https://orcid.org/0000-0002-0141-4390

In 2010, the list of permitted insecticides in Ukraine included 44 preparations based on five active substances
(thiamethoxam, imidacloprid, thiacloprid, clothianidin, acetamiprid) containing almost 11% of the total number of
registered insecticides in the world (Bazaka et al., 2018).

A large number of neonicotinoid preparations are available on the market. The spread of these pesticides requires a
deep study of their toxic effect on the organism of animals, including poultry. Neonicotinoids have a number of
advantages, compared to insecticides of other groups. However, the stability of active substances, acetamiprid, and
thiamethoxam, contributes to the long-term migration of residual amounts of the preparations in the environment and the
food chain (soil-plant-animal-human) contamination (Bal et al., 2013; Bazaka et al., 2018).

Due to the widespread use of neonicotinoids in agricultural production, veterinary medicine, and general sanitary
practice, their negative impact on the animals cannot be ignored. In case of violations of the Standard operative
procedures for the use of these substances, the poisoning of animals and people is quite possible (Felsot, 2001;
Yermalova et al., 2004).

There are few scientific publications on the toxicity of neonicotinoid preparations for laboratory and productive
animals. Only a few articles showed concerns about the effects that occur in acute poisoning (Boyko and Gonohova,
2012). Therefore, it is of utmost importance to study the chronic poisoning of animals with acetamiprid (active substance
of Mospilan RP) and thiamethoxam (active substance of Actara 25 WG).

MATERIALS AND METHODS

Ethical approval

Experimental studies were performed on white non-linear mice in accordance with the guidelines of “Toxicological
control of new animal protection products” (Lavryshyn et al., 2016), as well as existing documents regulating the
organization of work using experimental animals and in compliance with the principles of the European Convention
(Strasbourg, 1986) and Article 26 of Law on Ukraine No. 5456-VI of 16.10.2012 “On the protection of animals from
cruelty”. Provision of the commission on bioethics of the National University of Life and Environmental Sciences of
Ukraine (the order Ne544) was also obtained.

Studies to determine the chronic toxicity of Mospilan RP and Actara 25 WG were performed on non-linear white
male mice, aged 2.5 to three months old, weighing 18-20 g. The animals were kept in the vivarium of the faculty of
veterinary medicine of the National University of Life and Environmental Sciences of Ukraine. Feeding was carried out
according to the diets and norms that are recommended for laboratory animals of this species (Zapadnyuk et al., 1983).
While determining the chronic toxicity of Mospilan RP and Actara 25 WG, the mice became adapted to the laboratory
conditions for seven days before the initiation of the experiment. During this period, the mice were closely monitored for
their clinical condition. Mice were active and mobile, and they consumed food and water well. They had a neat
appearance, hair was smooth, clean, well-fitting to the skin. Visible mucous membranes were pink. There were no
pathological changes on the skin or injuries. No signs of dysfunction of the respiratory, cardiovascular, and digestive
systems were observed. The behavioral responses were characteristic of animals of this species.

Experimental mice were divided into three groups based on the principle of analogs, with seven animals in each
group. The dose of the drugs was calculated in mg of the Active Substance (AS) per one kg of body weight. In animals
of the experimental group M, chronic poisoning with Mospilan RP was reproduced by daily drinking of an aqueous
solution of the drug at a dose of 1/10 Median Lethal Dose (LDs) - 65 mg/kg of body weight. In animals of the
experimental group A, chronic poisoning with Actara 25 WG was reproduced by drinking a watering suspension of the
drug at a dose of 1/10 LDs, (360 mg/kg of body weight).

The volume of liquid forms for both drugs was 0.4 ml. The animals of group I11 (n=7) served as the control group,
and received the same amount of distilled water. The duration of the experiment was 30 days. During the experiment, the
animals were monitored, and changes in their clinical condition were constantly noted. The appearance, their reaction to
stimuli, changes in body position, behavior, food and water intake, intensity and nature of the motor activity, condition
of the skin and mucous membranes were taken into account, and the time of the intoxication development was recorded.
At the end of the experiment, when the chronic toxicity was recognized, the mice were euthanized by bloodletting after
light chloroform anesthesia. The blood from the heart was taken from all three groups of animals for morphological and
biochemical studies of the toxic effects of the Mospilan RP and Actara 25 RG.

Laboratory studies

The blood for morphological studies was previously stabilized with heparin. The investigated morphological
factors were hemoglobin content (HGB), hematocrit (HCT), number of erythrocytes (RBC), platelets (PLT), and
leukocytes (WBC) and their forms. Hematological parameters were measured using a specialized veterinary automatic
hematology analyzer Micros ABX Vet (Horiba Diagnostics, France). In the plasma, the total protein, albumin, globulin,
urea, and creatinine contents, activity of alanineaminotransferase (AIAT), aspartateaminotransferase (AsAT), and
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gamma-glutamyl transpeptidase (GGTP) were studied. Biochemical parameters were examined with the use of a semi-
automatic photo electro colorimetric biochemical analyzer Stat-Fax (Awareness Technology, USA) with reagents Kits
from the HUMAN Company (Germany). The changes in the mass coefficients of the liver, spleen, lungs, kidneys, and
heart were determined at the end of the experiment (Gerunova et al., 2012). The results of clinical and biochemical
studies were presented in accordance with the International System of Units (SI) recommended for use in clinical
laboratory practice (Giknis and Clifford, 2008).

Statistical analysis
Statistical analyses were carried out using the Microsoft Office Excel program (Shelamova et al., 2010). The
reliability of differences among indicators was evaluated using the Student's t-test.

RESULTS AND DISCUSSION

Considering the available literature, it can be inferred that acetamiprid and thiamethoxam are low-toxic substances (Bal
et al., 2012). Half of the LDs of acetamiprid for white rats is 213 mg/kg of body weight, and it is 98 mg/kg of body
weight for poultry. Half of the LDs, of thiamethoxam for white rats is 1563 mg/kg of body weight, and it is 576 mg/kg of
body weight for poultry (Gerunova et al., 2003).

During the entire observation period, there was no significant difference between the experimental groups and the
control group of animals in terms of behavioral responses as well as feed and water consumption. The animals were
active and mobile, and their coordination was not impaired. Clinical signs of poisoning and death of animals were not
observed. This was indicative of the fact that the used dose of studied preparations was not sufficient to cause clinical
changes. However, it should be noted that the animals of both experimental groups were more aggressive, and often
attacked each other, compared to the control group. The HCT, RBC, and HGB in the blood of animals of experimental
groups did not undergo significant changes when comparing with the indicators of the control group (Tablel). At the
same time, the number of WBC and platelets in the blood reliably increased in white mice of both treated groups.

It should be noted that by microscopic evaluation of the blood smears of the animals in both experimental groups,
anisocytosis and microcytosis of WBC were noted. The found leukocytosis we are inclined to explain as a consequence
of the development of inflammatory phenomena in the digestive canal after the enteral introduction of drugs (Table 1).
More pronounced changes were noted in mice undergoing Mospilan RP treatment, and this indicated that its degree of
toxicity was more pronounced than in Actara 25 WG.

Table 1. Blood counts in white mice treated with Mospilan RP and Actara25 WG, M + m* (n=7)
Group of animals

Indicator Control Group M Group A
Hematocrit (%) 0.34 £0.03 0.33+0.01 0.37 £0.02
Erythrocytes (T/L) 4.43+0.33 437+0.15 4.68 +0.24
Hemoglobin (g/L) 112.70 £9.44 110.97 £4.60 12243 £7.41
Leukocytes (G/L) 7.44 £0.38 8.70 £ 0.27** 8.49 £ 0.28**
Platelets(G/L) 274.60 +7.31 306.04 + 4.90** 308.34 + 8.05**

*Data are presented as Mean + Standard Error of Mean,**p<0.05; Group M: Mice treated with Mospilan RP, Group A: Mice treated with Actara 25
WG.

Due to the impacts of Mospilan RP and Actara 25 WGT, thrombocytosis in the blood of the experimental mice was
considered to be the result of the isolation of immunomodulatory cytokines, which secondarily stimulated the production
of platelets. For example, interleukin-6 is known as an anti-inflammatory cytokine, and also stimulates polyploidization
of megakaryocytes and platelet formation (Heinrich et al., 1990; van Gool et al., 1990). An analysis of a blood
leukogram of the mice suffering from chronic poisoning caused by Mospilan RP showed that leukocytosis had a
neutrophilic character with a shift of the neutrophil nucleus to the right leading to an increased number of segment-
nuclear neutrophils to 1.5 times (Figure 1).

The data indicated the depletion of hematopoietic organs after 30 daily administration of Mospilan RP to white
mice at a dose of 1/10 of LDsy. Along with neutrophilia, a decrease in lymphocyte count showed that their number in the
blood was almost 10% lower than in the control group (p<0.05). No significant deviations were observed in the
leukogram of white mice undergoing Actara 25 WG treatment at a dose of 1/10 of LDsy, but there was a tendency to
neutrophilia with lymphocytopenia, as with Mospilan RP. The difference in the degree of manifestation of the influence
of Mospilan RP and Actara 25 WG on the blood system and leukogram indicators was probably related to the degree of
toxicity of each drug. Taking into account these parameters, the Mospilan RP indicated higher toxicity, compared to
Actara 25 WG. To establish the functional state of organs and systems under toxic load, the determination of
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biochemical parameters in the animals’ blood plasma played an important role (Table 2). Chronic poisoning of white
mice with Mospilan RP was accompanied by an increase in the total protein content of blood plasma by 18.9%,
comparing to the control group, while in mice poisoned with Actara 25 WG only a tendency to total protein increase was
observed.

m Control; mGroup M; Group A
90
80
70
60
50

%

40
30
20

10

Basophilis Eosinophils N (stick) N (segmental) Lymphocytes Monocytes

Figure 1. Leukogram of white mice treated with Mospilan RP and Actara 25 WG (n=7). Group M: Mice treated with
Mospilan RP (65 mg/kg of body weight), Group A: Mice treated with Actara 25 WG (360 mg/kg of body weight)

Table 2. Biochemical parameters of blood plasma in white mice undergoing Mospilan RP and Actara 25 WG chronic
poisoning, M £ m* (n=7)

Group of animals

Indicators Control Group M Group A
Total protein (g/I) 50.61+1.72 60.19 + 2.26** 55.16 £ 1.75
Albumins (g/l) 24.36 £0.73 26.97 £1.27 21.64 +£1.43
Globulins (g/l) 26.25+1.95 33.22 £ 2.69** 3352+ 1.71**
Urea (mmol/l) 6.03 £0.22 3.41 £0.16** 4.13+0.18**
Creatinine (mcmol/l) 59.20 +2.13 55.91+141 54.29 + 1.53**

Notes: *data are presented as Mean + Standard Error of Mean, **p<0.05; Group M: Mice treated with Mospilan RP, Group A: Mice treated with
Actara 25 WG.

The content of albumins in blood plasma remained unchanged although it was slightly higher in animals that were
given Mospilan RP. Thus, the increase in the total protein content was associated with an increase in the content of
globulins by almost 30.0% in the blood plasma of animals of both experimental groups. This may due to “irritation” of
the phagocytic mononuclear system that originated from the toxic liver damage.

Synthesizing liver function is evaluated by the content of urea in the blood plasma because the urea is formed in the
liver. There was a 43.6% decrease in the urea content in the blood plasma of white mice undergoing chronic Mospilan
RP poisoning, and 31.5 % for Actara 25 WG poisoning (p<0.05). This result indicated an infringement of the urea-
forming function of the liver.

Urea is the final product of protein metabolism, the synthesis of which neutralizes ammonia. It is formed mainly in
the ornithine cycle in the liver and partially in the kidneys. The energy required for urea synthesis is provided by the
Krebs cycle. The concentration of urea in the blood plasma depends on the intensity of its synthesis and excretion.
Therefore, the determination of its content is an important diagnostic test of both, the liver function, where it is
synthesized, and the kidneys, through which it is excreted (Heinrich et al., 1990). A decrease in urea content in the blood
plasma of both experimental groups of mice indicated a severe course of liver pathology. There was also an 8.3%
decrease in creatinine content in the blood plasma of white mice that were given Actara 25 WG, comparing to the control
animals (p<0.05). As soon as Actara 25 WG showed less toxic impacts compared to Mospilan RP, the changes in the
total protein and urea content in the blood plasma of white mice from chronic poisoning were less pronounced in group
A than in animals that were given Mospilan RP.

Along with a decrease in urea content in the blood plasma, there was also a tendency for the decreased liver mass
coefficient in mice of the experimental group M, compared with the indicator in the control group. At the same time, a
significant decrease in the spleen mass coefficient in this group indicated the hematopoietic function suppression and the
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immunotropic effect of Mospilan RP. These data supported the results of morphological and biochemical studies of mice
in experimental group M. The mice that were chronically poisoned with Actara 25 WG revealed no changes in the mass
coefficients of internal organs (Table 3).

Table 3. The mass coefficients of internal organs of white mice undergoing Mospilan RP and Actara 25 WG chronic
poisoning, M = m* (n=7)

. Group of animals
Indicators

Control Group M Group A
Liver 6.19+0.48 5.60 £0.22 6.28 £0.35
Spleen 0.80 £ 0.08 0.52 £ 0.08** 0.82+£0.12
Lungs 0.69 £ 0.03 0.63 £0.02 0.65+0.03
Kidneys 1.66 £0.13 1.60 £0.11 1.69£0.10
Heart 0.53 £0.03 0.55+0.04 0.56 £0.02

Notes:*data are presented as Mean + Standard Error of Mean, **p<0.05; Group M: Mice treated with Mospilan RP; Group A: Mice treated with Actara
25 WG.

Aminotransferases (AIAT, AsAT) are localized in most organs and systems. They transfer amino groups from
aspartic acid and alanine in alpha-ketoglutarate acid. Both enzymes are allocated in the cytoplasm of cells (AsAT also in
mitochondria), and their activity in blood plasma increase with minor tissue damage (van Gool et al., 1990). The study of
AsAT and AIAT activity in blood plasma is mostly used for the diagnosis of liver diseases. Their activity increases in
several conditions, including acute hepatitis and other inflammatory processes. A moderate increase is observed in
mechanical jaundice and cirrhosis of the liver (van Gool et al., 1990; Moser et al., 2015). The presence of hepatotoxic
action of Mospilan RP is confirmed by changes in the activity of aminotransferases. In the present study, the activity of
AIAT increased by 23.0% (p<0.05). At the same time, there were no changes in the activity of AIAT in the blood plasma
of mice undergoing chronic poisoning with Actara 25 WG (Figure 2).
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300

250

200

(Un/l) 150

100

50 -

Control Group M Group A

Figure 2. Activity of plasma enzymes in mice undergoing Mospilan RP (group M) and Actara 25 WG (group A) chronic
poisoning. Group M: Mice treated with Mospilan RP (65 mg/kg of body weight), Group A: Mice treated with Actara 25 WG (360
mg/kg of body weight)

The affinity of neonicotinoids (acetamiprid and thiamethoxam) with nicotine plus their ability to interact with
nicotine-sensitive muscle receptors are the reasons for the pronounced effect of both substances on the activity of ASAT
in chronic poisoning of white mice (Bal et al., 2013). In the mice treated with Mospilan RP and Actara 25 WG, the
activity of this enzyme increased by 2.8 and 2.6 times, respectively (p < 0.05).

Gammaglutamyltranspeptidase catalyzes the transfer of a glutamyl residue and a gamma-glutamylpeptide to an
acceptor peptide or an alpha-amino acid. The enzyme is highly active in the kidneys, liver, especially in the cells that
form the renal tubules and bile ducts, as well as in the pancreas. An increase in GGTP level is an early and reliable test of
inter hepatic bile stasis, damage to hepatocyte membranes near the biliary pole, and to epithelial cells that line the lumen
of the bile ducts (Chakroun et al., 2017). In mice undergoing Mospilan RP chronic poisoning, GGTP activity increased
by 1.8 times, and a simultaneous increase in AIAT and AsAT activity indicated the manifestation of hepatocytolysis. At
the same time, the increase in GGTP activity in mice undergoing Actara 25 WG chronic poisoning by almost four times
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without changes in AIAT activity and with less prominent changes of AsSAT activity indicated the development of
lesions mainly in the bile ducts.

Other studies claim that neonicotinoids are capable to accumulate in the components of treated plants (Buszewski
et al., 2019), are found in human serum and urine (Yamamuro et al., 2014), and has the potential to act as neurotoxic
compounds (Christen et al., 2017). We consider that these findings further support the importance of our results and
sustain the necessity to continue the research in this avenue.

CONCLUSION

Daily oral administration of Mospilan RP and Actara 25 WG at 1/10 of the median lethal dose in the experimental mice
for 30 days caused the development of thrombocytosis, neutrophilic leukocytosis, lymphocytopenia, hyperproteinemia
due to an increase in the content of globulins and liver dysfunction. The liver dysfunction was more expressed in mice
undergoing a chronic poisoning by Mospilan RP that was indicated by a more pronounced decrease of urea content and
an increase in ASAT and AIAT activity comparing with animals that underwent a chronic poisoning by Actara 25 WG.
Consequently, the above results indicated the feasibility of further studies addressing the effects of Mospilan RP and
Actara 25 WG on others species of animals while paying attention to the changes of potentially more susceptible
indexes, such as genetic apparatus or reproductive function.
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ABSTRACT

Fish and fishery products are one of Morocco’s most important export products. Fish parasitism is a natural
worldwide phenomenon. Fish parasites have a very wide distribution and are found in both the northern and the
southern hemispheres of the globe. The present study aimed to assess parasitic infestation in fishery products by
analyzing notifications available in the European rapid alert system for food and feed. The analysis involved 663
notifications registered from 2001 to 2019 on the grounds of parasitic infestation. For Morocco, 651 notifications
concerning the different exported food products were analyzed. Among the 663 notifications for the presence of
parasites, 161 (24.3%) were border rejections. A total number of 20 countries have been detected with the presence
of parasites in their exported fish and fish products. The main fish species concerned with this hazard were Hake
(26%), Silver Scabbardfish (10.5%), and Angler (9.3%). In Morocco, among the 651 notifications, 373 concerned
with seafood (57.2%). The number of border rejections of fishery products was 220 that is 33.8% of overall
notifications. Fish and fish products category are the most concerned with 170 rejections (26.1%), with 64
notifications due to the presence of parasites (37.6%). The Silver Scabbardfish was the species most affected by
parasite infestations (23.5%), followed by European Anchovy (12.5%) and Swordfish (10.9%). In conclusion, the
nematode Anisakis is the most common parasite in fish infestation while the plerocercoid larvae of the Cestoda
Gymnorhynchus gigas seems to have a predilection to infest the Atlantic Pomfret (Brama brama).

1202 RelN zz :pardeooy
1202 JBIN 07 :PaAIday

712118V T¥NIOIHO

Keywords: Fish, Morocco, Notification, Parasite, Rapid alert system for food and feed
INTRODUCTION

The fishing sector plays a major socio-economic role in Morocco and it is one of the pillars of the national economy.
Morocco is one of the major fish producers worldwide, ranked 15 after Malaysia (FAO, 2020). In 2018, national fishery
production reached a volume of more than 1.37 million metric tons, which represents 2% of world production. More than
half of this production (52.7%) was exported to the European Union (EU) and Japan (DPM, 2018).

Fishery products represent a valuable source of nutrients and micronutrients that are crucial for healthy and diverse
diets (FAO, 2018). The role of these products in the transmission of parasitic diseases to humans has been recognized
(Koepper et al., 2020; Teixeira et al., 2020). The range of parasites involved is very wide, including nematodes,
trematodes, and cestodes (Huss, 1998; Chai et al., 2005). Among nematodes, the Anisakidae family is the most
overwhelming in human infestations with essentially two genera of Anisakis and Pseudoterranova (Smith and Wootten,
1978; Oshima, 1987).

Anisakiasis is a disease caused by ingestion of the L3 larva of parasites belonging to the anisakidae family, in raw
fish, undercooked, or having undergone little or no sanitizing treatment (marinating, cold smoking, etc; Oshima, 1987).
In addition, it is well established that the anisakid infestation has a significant economic impact, especially during export
and discarding infested fishery products from the market at the national level since it can pose risks to customers.

The main objective of this study was to assess the extent of the parasitism phenomenon in Moroccan fishery
products through the analysis of data from the European Rapid Alert System for Food and Feed (RASFF) portal between
1979 and 2019 and the development of a map of RASFF notifications concerning parasites in fishery products covering
all countries, including Morocco.

MATERIALS AND METHODS

Description of the rapid alert system for food and feed system
The European RASFF was introduced in 1979. It is a notification system which mentions the hazards related to
agri-food products exported to EU countries. This system is governed by Regulation (European Commission) n°
178/2002 (European Commission, 2002) and Regulation (European Union) n° 16/2011 which relates to the modalities of
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its application (European Commission, 2011). It has been repealed by Regulation (European Union) 2019/1715 laying
down rules for the functioning of the system.

Search procedure in the rapid alert system for food and feed portal

The scope of this study was at first the notifications received from the RASFF system concerning the hazard
“parasitic infestation” on a global scale, in particular, all countries exporting their fishery products to the EU market,
then, as a practical case study, notifications from Morocco.

World database

Data were retrieved from the RASFF portal (Accessed April 23, 2020). The search criteria for RASFF notifications
of parasites in fishery products are as follows: date of notification (From 01/01/1979 to 31/12/2019), type of product
(Food and product category, entailing Fish and fish products), and Risk category, including parasitic infestation. This
research on the RASFF portal provided access to 663 entries.

Morocco database

The RASFF natifications from Morocco are as follows: date of notification: From 01/01/1979 to 31/12/2019, type
of product: Food, Country (flagged as origin: Morocco). Searching on “Morocco database” yielded 651 entries
representing all the notifications involving Moroccan food exported to the EU. The obtained findings from RASFF
notifications are summarized in Table 1.

Table 1. Results for notifications on the rapid alert system for the food and feed portal

Database Search time interval Effective time interval (given by the Reason for Number of
portal RASFF) notifications data

World database From 01/01/1979 to 31/12/2019 01/01/2001-31/12/2019 Parasitic infestation 663

Morocco database  From 01/01/1979 to 31/12/2019 01/10/1981 -31/12/2019 All hazards motives 651

Data processing

For the World database, the data was processed according to the type of notifications. Subsequently, a detailed
analysis of backflow notifications was carried out according to the country of origin, species of fish, and parasites.
Regarding the Morocco database, an overall analysis of notifications by product was carried out to show the importance
of notifications of fishery products. Afterwards, rejections were analyzed according to the category and the nature of the
fishery products, and the evolution of the rejections between 2008 and 2019. Furthermore, an analysis of the causes for
rejections of fish exports was carried out to highlight the importance of parasitic infestation in fish and fish products.
Finally, an analysis of parasite rejections, depending on the species of fish and the species of parasite, was conducted.

RESULTS AND DISCUSSION

Global analysis of the rapid alert system for food and feed portal notifications concerning parasites in
fishery products

Global analysis of notifications

Over the past 40 years (1979 to 2019), the RASSF portal has reported 663 notifications of parasites for fishery
products exported from countries. Those notifications (Table 2) can be divided into alerts (21%), information (22.2%)
and border rejections accounting for 161 notifications (24.3%). The average annual number of parasite notifications is 35
(one notification/10 days). The maximum number of notifications was recorded in 2009, 2010, and 2011 with a total of
250 notifications. Since 2011, the number of notifications has gradually decreased to stabilize at 39 during 2017-2019
(Figure 1). Official control on the European market was the main source of these notifications (50.4%), followed by
border control (32%). Notifications following consumer complaints and the establishment of self-monitoring accounted
for 8.1% and 5.1%, respectively (Table 3). The reporting basis was not defined in 2001 and 2002 (3.2%).

Table 2. Distribution of notifications concerning parasites in fishery products

Type of notifications Number Percentage
Rejection 161 24.3
Information 147 22.2
Alert 139 21.0
information for follow-up 136 20.5
Information for attention 80 12.0
Total 663 100
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Figure 1. Evolution of rapid alert system for food and feed notifications of fishery products for parasitic infestation

Table 3. Main sources of notifications for the parasitic infestation in fishery products

Notification base Number Percentage
Border control 212 32
Establishment self-monitoring 34 5.1
Consumer complaints 54 8.1
Official control on the market 334 50.4
Official control after of notifications RASFF 8 1.2
Without notification base 21 3.2
Total 663 100

Analysis of rejections

Evolution of rejections between 2008 and 2019

The number of rejections is a valuable indicator of the effectiveness of control and self-monitoring systems
implemented by third-world countries exporting their products to the EU. Their analysis allows establishing a health
profile by the country. The first rejections of fishery products due to parasitic infestation were recorded in the portal in
2008. Over 12 years, the total number of rejections concerning parasites in fishery products was 161, which represents an
average of 13 to 14 rejections per year. The most critical period was between 2009 and 2011, during which 105
rejections (65%) were notified. Subsequently, the number gradually decreased to reach only 8 rejections in 2019 (Figure
2).
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Figure 2. Evolution of rejections of fishery products for parasitic infestation
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Main causes for fish products rejections

Notifications by countries

About 20 countries have been notified on grounds of parasitic infestation. Table 4 presents the concerned countries
as well as their corresponding number of seafood rejections. As shown in Table 4, Morocco was mostly notified for
rejections with 64 notifications, followed by Croatia (21 rejections), China (15 rejections), and Argentina (12 rejections).

These numbers should be treated with caution as they must be related to the number and/or the quantities of
exported seafood. Furthermore, it should be noted that fishery products most affected by parasites were fresh products.
Given Morocco’s geographic proximity to EU countries, it is common to export large quantities of fresh fishery
products, which explains Morocco’s ranking as the first notified country, which is much more related to the nature of the
exported product. Still, these data showed with supporting evidence that the parasite infestation of fish products is a
worldwide concern.

Regarding worldwide repartitions of rejections by continent, the African countries record the maximum rejections
number with 49% due to parasite infestation, followed by European (22%) and American countries (15%). Asian
countries and Australia account for only 10% and 4%, respectively. Table 5 shows the rejections of fishery products
according to the countries of origin and the reporting countries. Spain is the gateway for fishery products to the EU. As a
result, it a notified products just from 9 countries. Italy comes second by 6 countries, followed by Lithuania (n = 4). For
countries of origin, China has been notified by 5 member states, followed by Argentina (n = 4).

Table 4. List of countries notified of parasitic infestation in fishery products

Country of origin Number of rejections Country of origin Number of rejections
Morocco 64 Spain 3
Croatia 21 Namibia 3
China 15 South Africa 2
Argentina 12 Albania 2
Tunisia 7 Chile 2
USA 6 Ghana 1
New Zealand 6 Mauritania 1
Russia 5 Senegal 1
Canada 4 Sri Lanka 1
Falkland Islands 4 Ukraine 1

Table 5. Notifications of rapid alert system for parasitic contamination of food and feed in different countries and origins
Notifying countries
Germany  Bulgaria Spain Estonia Greece Italy Lithuania Poland
South Africa 2
Albania 2
Argentina 2 3 3 3
Canada 1 2 1
Chile 2
China 4 5 3 1 2
Croatia 21
Spain 3
USA 5
Falkland Islands 4
Morocco 64
Mauritania 1
Namibia 3
New Zealand 6
Russia 5
Senegal 1
Sri Lanka 1
Tunisia 7
Ukraine 1

Notified countries

Notifications by category of commodity
Fresh, frozen, chilled, and canned fishery products have been subjected to border rejection. The maximum number
of rejections was for fish in the chilled state (n = 76), followed by fish in the frozen state (n = 43). Notifications for
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which the nature of the product was not specified constitute a proportion of 25%. The occurrence of parasites was hence
more prevalent in chilled and frozen fish. The parasitic infestation was a minor problem with canned goods.

Notifications by fish species

Regarding families and fish species, Figure 5 illustrates the main fish species as well as their corresponding number
of rejections. The number of notified species is 23, but this number could be higher since several notifications do not
mention the species name. During the last 12 years, hake (Merluccius merluccius) was the most rejected species for the
presence of parasites (n = 42, 26.4%), followed by Silver Scabbardfish (Lepidopus caudatus, n = 17, 10.7%), and John
Dory (Zeus faber) recorded 12 rejections (7.5%). Swordfish (Xiphias gladius) and European anchovy (Engraulus
encrasicolus) were reported 10 and 8 times, respectively, for parasitic infestation (Figure 3). As can be seen in Figure 3,
the two species of freshwater fish were subjected to rejections (Northern pike, Esox lucius) and pike-perch (Stizostedion
lucioperca). The Hake family was the most rejected family for parasitic infestation (26.7%), followed by the
Trichiuridae (10.6%), and Lophiidae (9.3%) families. The families of Gadidae and Zeidae constitute 7.5% of rejections
each. Xiphiids represents 6.2% of the rejections.

Not specified
Northern Bluefin Tuna
Redfish

Salmon

European Pilchard
Atlantic Horse Mackerel
European Conger
Flounder

Common Pandora
Marlin-spike

Pike Perche

Snook

Blacktip grouper
Silver Comber
Large catsagnole
Blue Whiting
Alaska Pollock
Atlantic Mackerel
European Anchovy
Swordfish

John Dory

Angler

Silver Scabbardfish
European Hake

o
(8)]
=
o
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(8]
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45
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Figure 3. Number of rejections depending on the species of fish between 2008 and 2019

Parasite species

Concerning parasite species, out of 161 border rejections for parasitic infestation, Anisakis represents the most
frequently implicated parasite responsible for 72.7% of rejections, followed by the plerocercoid larvae of the Cestoda
Gymnorhynchus gigas, Microsporidia, and Philometra spp. with the same proportion, 2.5% each (Table 6). Nematodes
of the genus Anisakis are, therefore, a problem of a global dimension. Table 7 shows a list of fish species rejected for
Anisakis infestation as well as their countries of origin. Using the data in tables 4 and 7, a map was established to show
the origin of the fishery products rejected for parasite reasons (Figure 4). This map shows that fish parasites have a very
wide distribution and are found in both the northern and the southern hemispheres.
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Table 6. Number of rejections depending on the species of parasite

. Number of
Group Type Species rejections Percentage
Anisakis 117 727
Nematodes Philometra spp. 4 25
. Other 2 1.2
Helminths -
Gymnorhynchus gigas 4 25
Cestodes Nybelinia spp. 1 0.6
Trypanorhyncha 1 0.6
Total 129 80.2
. o Microsporidia 4 2.5
Microsporidia .
Spraguealophii 1 0.6
Myxosporidia Kudoa 0.6
Total 3.7
Not-specified 26 16.1

Table 7. Rejections of fish species infested by Anisakis and their countries of origin

Species

Number of rejections

Countries of origin (rejections)

European Hake

Silver Scabbardfish
John Dory

EuropeanAnchovy
Swordfish
Angler

Chub Mackerel

Atlantic mackerel

Hake

Silver Hake

Largehead Hairtail
Silver Comber
Blacktip Grouper
Southernhake
European Conger
European Pilchard
Northern Bluefin Tuna
Flounder

Alaska Pollock

North Pacific Hake
Redfish

Atlantic Horse Mackerel
Blue Whiting
Common Pandora
Pike-Perch

Pink Salmon (Oncorhynchus gorbuscha)

Not specified

32

13
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Croatia (18)
Argentina (4)
China (3)
Morocco (3)
New Zealand (1)
Canada (1)
Spain (1)
Albania (1)
Morocco
Morocco (6)
Tunisia (3)
Mauritania (1)
Morocco
Morocco
United States
Croatia (2)
Morocco (2)
Croatie
Morocco
Tunisia
Albania
Canada
China
Argentina
Spain
Morocco
Argentina

New Zealand

Morocco

China

Canada

Croatia
Falkland Islands
Argentina
Ukraine
Russia
Morocco
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Figure 4. Distribution of the fishery products rejected for the presence of parasites

Important actions taken by the notifying countries

The major source of rejection notifications is border control. Fishery products turned away due to parasites are
either disposed of at border posts (37.3%) or returned to the countries of origin (35.4%). These two actions are not well
specified in some cases (13.7%). The rest of the products are owned by member states (6.2%) or banned from entering
European territory (5%, Figure 5). The majority of notifications were reported by Spain (55.3%), followed by Italy
(24.2%), Lithuania (6.2%), and Greece (3.1%, Table 8).

Table 8. List of notifying countries with the number of

notifications Withdrawal from the market |
Notifying countries Number of notifications (%)
Spain 89 (55.3) Rejection [l
Italy 39 (24.2) Official detention [l
Lithuania 10 (6.2)
Greece 5(3.1) Disposal or Re-dispatch [
Bulgaria 425

9 25) Re-dispatch [N
Germany 4(2.5)
Poland 4(2.5) Disposal [N
Estonia 3(1.9

(1.9) 0 10 20 30 40 50 60 70

France _ 1(06) Number of notfications
Romania 1(0.6) Figure 5. Importance of actions taken by notifying
United Kingdom 1(0.6) countries

Analysis of rapid alert system for food and feed notifications of Moroccan fishery products exported to the
European Union

Analysis of notifications relating to fishery products number and evolution of notifications

Between 1981 and 2019, the RASFF portal reported 373 notifications for fishery products exported from Morocco
to the EU. The “Fish and fish products” category is the one most affected with 295 notifications (80%). The two
categories “Cephalopods and derived products” and “Crustaceans and derived products™ constitute 9.4% and 9% of the
notifications, respectively (Table 9).

Global analysis of border rejections of Moroccan fishery products

Over 12 years, the total number of rejections of fishery products was 220, which corresponds to an average
rejections number of 18 per year. Fishery products account for more than two-thirds of rejected products (70%). Table 10
indicates the number and percentage of rejections for each category of fishery products. The “Fish and derived products”
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category was the most affected with 170 rejections (77.3%), followed by cephalopods and derived products with 33
rejections (15%, Table 10).

Table 9. Notification numbers of fishery products Table 10. Notifications of rejections of the different
between 1981 and 2019 categories of fishery products between 2008 and 2019
Number de Product category Nurnbe_r of Percentage
Product category notifications Percentage rejection
Fishery products 220 70.1
Fish and fish products 295 79.1 . .
] Fish and fish products 170 77.3
Cephalopods and derived
products 35 9.4 Cephalopods and derived products 33 15.0
Crustaceans and derived a4 o1 Crustaceans and derived products 14 6.3
products ' Bivalve molluscs and derived 3 14
Bivalve molluscs and derived 9 24 products '
products ' Other types of food 94 29.9
Total 373 100 Total 314 100

Evolution of rejection notifications of fishery products from 2008 to 2019

During 2008-2010, the number of rejections contributes to 16.8% (n = 37) in fishery product rejections. Most of
them involve the category of fish and fish products (n = 33) and the rest crustaceans and their products. The main
reasons for rejections are parasite infestation and poor hygiene. The rejections between 2010 and 2019 constitute 83.2%
of rejections of fishery products (n = 183). Regarding the rejections of fishery products exported via Morocco to the EU,
the first three years had several rejections, especially in 2011 (23%) due to the large number of rejections resulted from
parasites of the fish products. The number of rejections fell from 2013 and rise again in 2019 (11.4% of rejections).
During this period, most of the rejections were due to the failure of the cold chain and parasitic infestation. This can be
explained by the reinforced control of the competent authorities. The findings indicated that after 2011, there was a
steady decrease in rejections year after year. The same observation, therefore, concerns the rejection of fishery products
(Figure 6). In 2019, the number of rejections of fishery products was higher than the previous five years, reaching 21 out
of 23.

50
45
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25
20
15
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Number of rejections Rejections of fishery products number

Figure 6. Rejections humbers of fishery products from 2010 to 2019

The decrease in the number of rejections notifications can be attributed mainly to strengthening the sanitary control
of fishery products in terms of parasite research by the competent Moroccan authorities following the publication of law
28-07 underlying food safety, as well as by professionals within the framework of self-control (NFSO, 2010). The 2011
peak is attributed to the presence of rejections for parasitic hazards and also to notifications for the presence of high
histamine levels. Following this increase, the Moroccan competent authority has put in place an action plan by
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strengthening controls along the food chain. Food business operators (FBOs) for their part have reviewed their health
control plans. The collaboration and cooperation between the Moroccan competent authority and FBOs led to good
results in the following years and which is confirmed in the results of this synthesis (Elhariri et al., 2017). In April 2010,
the European Food Safety Authority (EFSA) adopted a scientific opinion on the assessment of the risk associated with
parasites in fishery products. This scientific advice includes information for the health risk versus the presence of viable
parasites in fishery products. According to EFSA opinion, all wild fish caught in seawater or freshwater is likely to
contain parasites that pose a risk to human health. Fish to be used to produce raw or almost raw seafood products should
be frozen prior to processing. However, the competent authorities may adopt national measures granting an exemption
from the freezing treatment obligation for fishery products. These national measures must be notified to the committee
(EFSA, 2010).

Analysis of rejections for parasitic infestation

During 1981-2019, notifications of rejections concerning fish and their derivatives for the presence of parasites
constitute 37.6% of the notifications in this category or 64 rejections. The trend in rejections from 2010 to 2019 peaked
in 2011 with 19 rejections accounting for 11%. Subsequently, the number of rejections gradually decreased with an
average of 3 rejections per year (Figure 7). Scabbard fish is the species most affected by rejection due to parasitic
infestation with 15 rejections for silver Scabbard fish and 2 for the common Scabbard fish. Anchovy registered the
second position with 8 rejections in 2011 and 2014, followed by the Swordfish with 7 rejections. According to the
obtained results, John Dory had 6 rejections, 5 of which have been recorded over the past three years, and hake had 4
border rejections (Table 11). Scabbard fish is the most infested species by parasites in Moroccan fishery products and
hake is the most infested globally. This heavy infestation is mainly related to their diet and their large size. A positive
correlation between the size of the fish and the number of parasites collected has already been observed in the Silver
Scabbard fish (Bouchriti et al., 2015).

40
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Figure 7. Rejection numbers of fish and derived products infested with parasites during 2010-2019

Based on the living environment of the fish, a possible difference was noticed. Bathypelagic species are the most
prone to parasitism with a percentage of 47.1%. Pelagic fish represents 39.2% of rejections for parasitic reasons while
benthic fish indicates only 13.7% (Table 12). The Silver Scabbard fish has a silvery, elongated, and compressed body,
which is commonly 50 to 150 cm long and can reach up to 210 cm, with a maximum weight of 8 kg. Lepidopus caudatus
is benthopelagic fish. It lives 60 meters on the continental shelf and beyond the slope up to 600 meters deep, generally on
sandy and muddy bottoms from 100 to 300 m, but sometimes in coastal areas of the resurgence of deep water (Nakamura
and Parin, 1993). The Scabbardfish are active predators that feed on fish, squid, and crustaceans that are intermediate
hosts for the parasites. The hake is a benthopelagic or bathypelagic fish generally living at depths of 70-370 m on the
edge of the continental slope, but it can be found in coastal waters up to about 1000 m depth. It measures up to 130 cm in
length. Adult hake feeds mainly on fish (anchovies, sardines, herring, and cod) and squid. The young feed on crustaceans
(especially euphausiids and amphipods, Cohen et al, 1990). Regarding parasite species, the two main species of parasite
incriminated in fish infestations are Anisakis spp. (90.5%) in several species of fish and Gymnorhynchus gigas found in
the Atlantic Pomfret (Table 13).
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Table 11. Number of rejections of fishery products based on the species of fish

Family Scientific name Common name Number of rejections Year
Bramidae Brama brama Atlantic Pomfret 4 2009
1 2009
1 2010
1 2011
Lepidopus caudatus Silver Scabbard fish 2 ggig
Trichiuridae 3 2014
2 2016
1 2017
. A 1 2010
Trichiurus lepturus Largehead Hairtail 1 2011
_— - . . 4 2009
Xiphiidae Xiphias gladius Swordfish 3 2010
. . . 7 2011
Engraulidae Engraulis encrasicholus European Anchovy 1 2014
- Merluccius 2 2011
Merlucciidae merluceius European Hake 1 2016
Clupeidae Sardina pilchardus European Pilchard 1 2012
. 1 2012
Scombridae Scomber spp. Atlantic Mackerel 5 2014
Thunnus thunnus Northern Bluefin Tuna 1 2012
1 2012
. 1 2017
Zeidae Zeus faber John Dory 1 2018
3 2019
Congridae Conger conger European Conger 1 2014
Table 12. Occurrence of rejections of fishery products based on the living environment of fish types
Types of fish Species Number of rejections Percentage (%0)
European Anchovy
Atlantic Mackerel
Pelagic European Pilchard 20 39.2
Swordfish
Northern Bluefin Tuna
Benthic European Conger 7 13.7
John Dory
Atlantic Pomfret
Bathypelagic European Hakg . 24 47.1
Large head Hairtail
Silver Scabbardfish
Table 13. Number of repressions depending on the species of parasite and fish
Species parasites Species Number of rejections Percent
Silver Scabbardfish, Largehead Hairtail (Lepidopus caudatus,
L 15 234
Trichiurus lepturus)
European Anchovy (Engraulis spp.) 8 125
Swordfish (Xiphias gladius) 7 10.9
John Dory (Zeus faber) 6 9.4
Anisakis spp. Atlantic Mackerel (Scomber spp.) 3 4.7
European Hake(Merluccius merluccius) 3 4.7
European Pilchard (Sardina pilchardus) 1 1.6
European Conger (Conger conger) 1 1.6
Northern Bluefin Tuna (Thunnus thunnus) 1 1.6
Not specified 13 20.2
;Si);r::orhynchus Atlantic Pomfret (Brama brama) 4 6.3
Not specified Silver Scabbardfish (Lepidopus caudatus) 2 3.2
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It should be noted that the number of fishery products exported from Morocco during 2010-2019 was 5,363,674
metric tons (DPM, 2019). The total quantity of rejections due to parasite presence during these 10 years was 165 tons.
The quantities rejected for the presence of parasites represent 0.003% of the total exported quantity, which is a very low
rate. Despite the importance of parasitic infestation notifications, their economic impact is of a low magnitude
nationwide. However, this impact may be severe for packaging the fishery products affected by the infestation.

According to previous field studies, nematodes (anisakis and acanthocephalic complex) are the parasites frequently
found in seafood on the Moroccan coast, with a prevalence of 21.4% in the Atlantic coast and 24.9% in the
Mediterranean (Benabbes and Boudakkou, 2019). The plerocercoid larva of the Cestoda Gymnorhynchus gigas was
exclusively found in the Atlantic Pomfret (Brama brama) with a prevalence of 89.5%. This internal parasite, found in the
flesh of the fish, seems to have a certain predilection for this species. The silver Scabbardfish (Lepidopus caudatus) is
known to be frequently and sometimes heavily infested by Anisakis spp. (Benabbes and Boudakkou, 2019).

A comparison of the research undertaken on the occurrence of parasites in Moroccan coastal waters revealed that
this natural phenomenon of parasitism had slightly increased in the Mediterranean and decreased in the Atlantic.
According to a study carried out between 1978 and 2015 on changes in the abundance of the two genera of nematodes
(anisakis and pseudoterranova), it was found that the abundance of Anisakis spp. saw a significant 283-fold increase and
no modification for Pseudoterranova spp. (Fiorenza et al., 2020). The worldwide increase in the abundance of Anisakis
spp. may have faster consequences for human health, the health of marine mammals, and the performance of fisheries.

Fish parasitism is a worldwide phenomenon and is more commonly associated with marine environments than
continental ones. The factors responsible for the re-emergence of parasites in different regions of the world are the
intensification of fish production, environmental alteration, movement of animals and humans, and increased trade in
fishery products (Chai et al., 2005).

The Anisakis complex, in particular, is expanding across the global ocean. Several answers can be advanced about
the spread of this parasite in recent decades. Several potential factors may be involved, including climate change,
increased nutrients, and increased marine mammal populations. As parasites with a complex life cycle, anisakidae can
respond to changes in abundance of any definitive or intermediate host (marine mammal, crustacean, or fish) (Arneberg
et al., 1998). However, it is almost impossible to know the most critical host in the abundance of anisakidae, that is, the
bottleneck in the parasite’s life cycle (Lafferty, 2012).

Since the adoption of the Marine Mammal Protection Act in 1972 and the adherence of many countries to the
moratorium on commercial whaling imposed by the International Whaling Commission in 1982, the abundance of many
species of marine mammals (definitive host) increased (Magera et al., 2013). This increase could lead to an increase in
transmission of anisakidae in case the definitive mammalian hosts are the bottleneck of the life cycle (Lafferty, 2012).
The replenishment of many populations of marine mammals may explain the increase in the abundance of Anisakis.

On the other hand, fish, crustaceans, and cephalopods are key intermediate and paratenic hosts for anisakidae, and
their abundance has fluctuated widely over the past half-century (Christensen et al., 2014). Fishing has altered the
abundance and density of many fish (Anderson et al., 2008). For example, Atlantic cod have experienced a decline on
the northeastern coast of North America (Lilly et al., 2008) while cephalopods have increased in abundance (Doubleday
etal., 2016).

Intensification of fish production or increased fishing pressure may lead to a decrease in the abundance of host fish
and consequently, reduced transmission and abundance of Anisakis (Lafferty, 2012). However, if host fish are not the life
cycle bottleneck, decreases in the abundance of intermediate hosts could lead to an increase in the concentration of
parasites in the remaining hosts, resulting in an increase in the abundance of parasites (Wood et al., 2013). Long-term
climate change could also influence the abundance of anisakid nematodes. The increase in temperature increases the
susceptibility of hosts to disease and increases the pathogenicity of pathogens and parasites (Harvell et al., 2002; Burge
et al., 2014). This could lead to an increased infestation of host fish, as these species lose their ability to resist infection
when temperatures rise beyond the optimum. The temperature rise can also lead to the faster growth of Anisakis
nematodes (Marcogliese, 2001).

On the other hand, the increased nutrient load of coastal ecosystems can produce phytoplankton blooms that can
feed filter crustaceans (intermediate hosts) (Trainer et al., 2003). Increases in nutrients may facilitate increases in
Anisakis spp., as crustacean hosts of Anisakid nematodes are sensitive to these environmental alterations.

CONCLUSION

The analysis of the data available on the rapid alert system for the food and feed portal has enabled us to draw some
conclusions on the parasite profile of fishery products. The main hazard for fish and fish products border rejections is a
parasitic infestation. Spain is the main reporting country as it is the gateway for fishery products to the EU. Since 2011,
the number of rejections of fish and fish products has decreased steadily due to the strengthening control by the
Moroccan health authority and professionals. Border control in the EU plays a crucial role in detecting and preventing
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nonconformities before the distribution of products in the market. The occurrence of parasites prevails in fresh fish. The
silver Scabbardfish (Lepidopus caudatus) is the species most affected by parasitic infestations in Morocco and hake
(Merluccius spp.) is the most infested by parasites worldwide because of their living environment and diet. The Anisakis
complex is a parasite frequently implicated in the infestation of fish. The parasite Gymnorhynchus gigas seems to
specifically infest the species Brama brama.
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ABSTRACT

Childbirth induces a number of alterations, including ligament weakening and increased vaginal distensibility. The
occurrence of vaginal laxity or distensibility is associated with the vaginal wall and introitus overstretching during
vaginal parturition while the pathophysiology is due to increased levator dimension and trauma to the levator ani
muscle through avulsion (macrotrauma) or overdistension (microtrauma). Elastin is an extracellular matrix protein
that confers elastic properties to organs and tissues, particularly those requiring elasticity. Elastin plays a vital role in
the functioning of numerous tissues, such as the lungs, blood vessels, heart valves, ligaments, tendons, and skin. It is
also a component of the vaginal mucosa. The aim of the present was to evaluate the role of elastin in the thickening
of the postpartum vaginal wall composed of epithelial mucosa, and to understand the mechanism underlying vaginal
laxity or distensibility within parous and nulliparous animal models. A total of 32 female white rats (Rattus
norvegicus) were used in the present study. They were divided into two groups, each group consisting of 16 rats.
The control group (CO0) consisted of virgin nulliparous rats, which were sacrificed on the second day after vaginal
parturition. Pregnant rats (group C1) were sacrificed on the second day after vaginal parturition. The median elastin
expression in group C1 was higher (3 + 0.56) than group CO (2.85 + 0.75). The mean thickness of the vaginal
mucosal epithelium in group CO (56,8 931um) was greater than group C1 (44,98 349um). The comparison of
vaginal mucosal epithelium thickness between the two groups indicated a significant difference between groups CO
and C1. Elastin levels were significantly correlated with epithelial thickness. The expression of elastin significantly
affects the vaginal wall thickness, which further affects vaginal laxity or vaginal distensibility.
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INTRODUCTION

Pregnancy causes a number of alterations in the biomechanical behavior of both humans and animals, including ligament
weakening and increased vaginal distensibility. The pelvic floor muscles in rats and humans support the protective
mechanisms against perineal trauma by increasing stiffness and the extent of sarcomere during parturition. During
vaginal delivery, the puborectalis muscle is subjected to several extreme stretching with an estimated stretch ratio of 1.5-
3.5 cm long. The extent to which the muscle elongates varies is between 25% and 250% (Qureshi et al., 2018; Gachon et
al., 2019).

The commonly associated mechanism with parturition involves overstretching of the vaginal wall and introitus
during vaginal delivery, and its pathophysiology is related to increased elevator dimension and trauma to levator ani
from avulsion (macrotrauma) and overextension (microtrauma), meaning that vaginal laxity or distensibility is linked to
pregnancy and childbirth (Kamisan et al., 2015; Dietz et al., 2016; Abdool et al., 2018).

Shek and Dietz (2009) reported an Ultrasound study that examined the dimensional change of the levator hiatus in
postpartum women with and without morphological abnormality, which was then associated with their type of childbirth.
Vaginal birth could induce hiatal widening, particularly after an avulsion and even without macroscopic levator trauma,
thus potentially enable increasing the hiatal distensibility. VVaginal laxity is the most undesirable symptom, reported by
approximately 60.7% of women. Moreover, levator avulsion occurred in 15% of women who undergo vaginal delivery.
Therefore, It can be inferred that significant changes in the pelvis and distension of the levator hiatus are followed by
vaginal delivery (Shek and Dietz, 2009; Abdool et al., 2018).

The pelvic floor muscles play a critical role in female sexual function. A smaller vaginal dimension is linked to
sexual dysfunction, particularly dyspareunia. Trauma to the levator ani muscle during childbirth is associated with an
increase in vaginal hiatus, which in turn might affect sexual function and vaginal laxity (Roos et al., 2020).
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At the cellular level, vaginal muscles and pelvic supporter are sustained by the integrity of the connective tissue
and the attachment between the vagina, sides of the pelvis, and levator ani muscle. The connective tissue as the base of
the vagina and its surrounding structures contained collagen, elastin, glycoproteins, hyaluronan, and proteoglycans,
which were actively redesigned throughout the woman’s life, particularly during hormonal changes (Newman et al.,
2018).

Elastin is an extracellular matrix protein that provides elastic properties to organs and tissues, mainly those that
require elasticity or are involved in an elongation and shrinkage cycle. Elastinplays a vital role in the functions of
numerous tissues, such as the lungs, vessels, heart valves, ligaments, tendons, and skin. Elastin is composed of 90% elastic
fibers and forms an inner core that is surrounded by unbranched microfibrils. Elastin accounts for only two to four percent of
the dry skin weight of a human, yet it has an important structural function in providing mechanical support and is
involved in various cell signaling pathways. The rate of elastogenesis diminishes with age (Mithieux and Weiss, 2005;
Rodriguez-Cabello et al., 2018).

A study by Zong et al. (2010) indicated that comparing elastin metabolism in the female vagina with and without
Pelvic Organ Prolapse (POP) found increased levels of tropoelastin, mature elastin, pro Matrix Metalloproteinase (MMP)
9, and active MMP-9 in women with prolapse. The metabolism of elastin was altered in the vagina with prolapse. In
addition, the shape of the vaginal tissue rapidly changed in response to mechanical stretching. It was also observed that
elastin levels peaked in the absence of hormones. Damage to elastin fibers might be due to increased elastin-degradation
enzymes, MMP-2, and MMP-9. Therefore, MMP-2 and MMP-9 levels would decrease along with an increase in the elastin
levels in the vagina with POP. The thickening of the elastin fibers in the vaginal wall of patients with anterior POP was due
to the remodeling of the extracellular matrix. Moreover, the proximal vagina contained more collagen level in total and
less elastin level than its distal counterpart. The vagina is mostly composed of type | collagen, which gives it tensile
strength (Zong et al., 2010; Zaki et al., 2016; Rynkevic et al., 2017). Accordingly, to understand the mechanism of
elastin in the process of vaginal laxity or distensibility in parous and nulliparous animal models, the role of elastin in
postpartum vaginal wall thickening was evaluated in the current study, which is composed of vaginal epithelial mucosa.

MATERIALS AND METHODS

The present research was an experimental study involving 32 female white rats (Rattus norvegicus). The subjects were
allocated into two groups consisting of 16 rats each. Group 1 (CO0) or the control group consisted of 16 female rats,
nulliparous and virgin, aged 4-5 months with a body weight of 170-200 grams. that were sacrificed on day two, while
group 2 (C1) entailed pregnant rats that were sacrificed on the second day following vaginal parturition. Rats were
housed in individual rearing cages with dark lighting, monitored air temperature with a flow rate of 5 to 7.5 km/hours
(gentle breeze), and local humidity with one-atmosphere pressure by inhalation and oxygen demand of 2.68
ml/gram/hour.

Ethical approval

Ethics approval of the present research project was obtained from the Ethics Committee of the Health Research
Faculty of Veterinary Universitas Airlangga, Surabaya, Indonesia, with the certificate number 2.KE.116.12.2020. All
research work was completed in the same institute.

Mating and breeding of female rats

Previous observations of the estrous cycles were carried out in female ratas using the vaginal swab. Swabs with
small cotton swabs moistened with physiological NaCl were then checked on a glass slide. The cells were then fixed
with methanol and stained with 10% Giemsa solution. Observation of the estrous cycle was carried out under a light
microscope with a magnification of 100x.

Female rats were injected with Pregnant Mare Serum Gonadotropin (PMSG) to synchronize the estrous cycle and
with human Chorionic Gonadotropin (hCG) to induce superovulation. The 10 IU PMSG was administered
intraperitoneally, followed by 10 IU hCG after 48 hours. After the hCG administration, the rats were bred with male rats
using a monomating method. Mating was confirmed for the next 17 hours using a vaginal plug. The vaginal plug was
composed of coagulated gelatinous secretions that prevented spermatozoa from leaking. Successful copulation was
assumed in the presence of a vaginal plug, and it was recorded as day 0 of pregnhancy.

Vaginal tissue sampling

The rats were sacrificed under general anesthesia with ketamine and xylazine. Anesthetic ketamine n the range of
80-100 mg/kg mixed with xylazine in the range of 5-10 mg/kg. The intraperitoneal injection dose was 0.2 ml of
ketamine-xylazine mixture for each rat. The entire vaginal tissue was swiftly dissected after disinfection with 70% alcohol. The
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tissues were then split and fixed in 10% formalin buffer. The collected samples were sent to the pathology laboratory for
immunohistochemistry preparation and histopathological examination.

Hematoxylin Eosin staining procedure

Hematoxylin and eosin stains were used to observe and measure the thickness of the vaginal mucosa. The sliced
tissue samples were initially deparaffinized. Then, these tissue slices were fixed in methanol at gradually decreasing
concentrations (100%, 90%, 80%, 70%, and 30%) then washed in PBS. After immersion in ethanol, tissue slices were
placed in hematoxylin for six minutes. After rinsing with water, the slices were consecutively dipped into ammonia and
eosin solutions. Sample tissues were then dehydrated and re-fixated in methanol with gradually increasing concentration
(80%, 90%, 95%, and ethanol absolute), allowed to dry, and thereafter evaluated under a microscope (Cardiff et al,
2014).

Immunohistochemistry evaluation technique

Immunohistochemical staining was performed to detect elastin expression. The vaginal wall samples were fixed to
the object glasses with methanol containing 3% diluted hydrogen peroxide. Dakocytomation (peroxidase-blocking
reagent) was applied to sample parts and then incubated at room temperature with primary antibodies against the
monoclonal antibody anti-elastin (monoclonal antibody elastin (BA-4): sc-58756, Santa Cruz Biotechnology, Inc. (1:
300), California, USA). All samples were incubated with biotin-labeled secondary antibodies (Trekkie Universal Link)
and incubated overnight with streptavidin-conjugated peroxidase (Trekavidin-HRP Label) and Diaminobenzidine (DAB)
as the chromogen. The elastin was counterstained with Mayer’s hematoxylin and eosin (Fedchenko and Reifenrath,
2014).

Measurement of vaginal wall thickness and elastin expression

Vaginal wall thickness was measured using the calibrated Image Raster 3 software. The measurements were
performed in 10 microscopy fields at 200x magnification and counted in 10 different fields. The mean quantitative result
(um) of each HE-stained sample was recorded. The evaluation of elastin expression was based on the percentage of the
elastin-expressing epithelium of the vaginal mucosa using the Semi-quantitative Immuno_Reactive Score (IRS) method.
The mean percentage of the monoclonal antibody-positive vaginal mucosal epithelium was observed under a microscope
at 400x magnification in 10 microscopy fields. The Remmele scale index was obtained by multiplying the positive cell
percentage score by the color reaction intensity score. A positive cell percentage score was interpreted as score 0
indicating no positive cells, score 1 referring to less than 10% positive cells, score 2 showing 11-50% positive cells,
Score 3 accounting for 51-80% positive cells, and Score 4 suggesting more than 80% positive cells. The color reaction
intensity score was interpreted as score 0 meaning no color reaction, score 1 referring to low color intensity, score 2
denoting medium color intensity, and score 3 signifying strong color intensity (Fedchenko and Reifenrath, 2014).

Statistical analysis

The obtained data were tested for normality using the Kolmogorov-Smirnov test and analyzed using SPSS software
(version 24). Furthermore, non-parametric intervariable data were verified using the Mann-Whitney-U Test to determine
the differences in parameters between the groups, and statistical significance was set at p < 0.05. Parametric data were
verified using an independent t-test. The correlation between the two groups was verified using Pearson’s correlation
test.

RESULTS AND DISCUSSION

The expression of elastin was monitored using immunohistochemistry and the vaginal wall thickness with hematoxylin
and eosin staining. There were differences in elastin expression and vaginal wall thickness between the virgin
nulliparous and parous rat groups. The data observed between the treated groups are provided in the following tables and
figures.

The results of elastin expression in the vaginal mucosal epithelium are shown in Figure 1. Figure 1A represents the
elastin expression in vaginal epithelium samples of group CO, exhibiting a score of 2 with the immunoreactive cells
being in the range of 10-50% in all microscopic fields with a mean expression of 2.85 + 0.75. Figure 1B represents the
elastin expression in vaginal epithelial samples from group C1 with a score of 3 and around 51-80% immunoreactive
cells in all microscopic fields, with a mean expression of 3.0 £ 0.56.

Diagram 1 indicates that the median value of elastin expression in group C1 was higher than that of group CO.
Differential tests of both groups with the Mann Whitney U-test indicated that the elastin expression in the control group
was significantly different from that of the treatment group C1 (p = 0.032; a < .05, Table 1).
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Table 1. Mann-Whitney test results of elastin expression in female rats.
Elastin Expression Interquartile

n Median Minimum  Maximum P-value

Group Deviation
Cco 16 2.85 0.75 11 6.6

*
C1 16 3.00 0.56 2.0 7.2 0.032

(*) significantat p < .05, group CO: Nulliparous female rats, group C1: Postpartum female rats.
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Figure 1. Immunohistochemical results of elastin in female rats. A: Expression of elastin with medium intensity on

immunoreactive cells (arrows) in group CO, B: Positive expression with strong intensity is indicated by a brownish dark color on
immunoreactive cells (arrows) in group C1, (Immunocytochemistry test; 400x magnification)

" 48 -
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Figure 2. HE-stained samples fo vaginél wall/mucosal epithelium thickness measurement. A: Vaginal mucosal
epithelium layer (arrow) in group CO, B: Vaginal mucosal epithelium layer (arrow) in group C1, C-D: Measurement of
vaginal mucosal epithelium thickness with Image Raster 3 software in groups CO and C1 (Hematoxylin Eosin; 200x

magnification)

Vaginal wall thickness results

Figure 2 shows a histological representation of vaginal wall thickness, indicated by the vaginal mucosal epithelium
thickness. Figure 2A presents the thickness of the mucosal epithelium in group CO while Figure 2B illustrates the
thickness of the mucosal epithelium in group C1. Figures 2C and 2D show the measurement of the mucosal epithelial
thickness of groups CO and C1 with Image Raster 3. Remarkably, the majority of the mucosal epithelial thickness in
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group CO was greater than that in group C1. Diagram 2 indicates that the mean value of vaginal mucosal epithelial
thickness was greater in group CO (56,8 931um) than in group C1 (44,98349 um). Table 2 shows a comparison of
vaginal mucosal epithelium thickness between the groups using an independent t-test. As can be seen, groups CO and C1
exhibited significant differences (p = 0.033; a < 0.05, Table 2).

Table 2. Differentiation test of vaginal density in female rats.

Vaginal Density

Group

N Mean Standard Deviation Minimum Maximum P
Co 16 56.8931 16.109954 38.205008 87.517398 0.033%*
C1l 16 44.98349 15.116408 27.482611 77.894783 '

* Significant at p < .05, group CO: Nulliparous female rats; group C1: Postpartum female rats. N: number of samples. The correlation
test between two variables of elastin and epithelial thickness indicated a significant correlation (p = 0.385; a < 0.05).
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Diagram 1. Median value of expressed of elastin Diagram 2. Mean value of vaginal density (Group CO:
(Group CO: nulliparous female rats; group C1: nulliparous female rats; group C1: postpartum female
postpartum female rats). rats).

The morphology and physiology of the vulva and vagina change with age, especially during puberty (when the
menstrual cycle occurs), pregnancy, and menopause. Remodeling of the vaginal wall and pelvic floor connective tissues
leads to a rapid increase in the weight of the uterus, as well as the size, due to the deposition of collagen and elastin. The
studies in rats with multiple fetuses have shown that the increase in the weight of the uterus is six to eight-fold compared
to non-pregnant uteri, while in humans it is 11-fold. It was then shown that collagen content reduced rapidly after
parturition. The wet weight has completed 70% of the involution needed to restore to the baseline value. The collagen
removal was 77% completed and elastin removal was 86% completed. The vaginal wall consisted of four layers,
including stratified, non-keratinized, squamous epithelium, lamina propria, a dense connective tissue layer rich in fibrillar
collagen and elastin, filled with fibroblasts, a muscular layer composed of internal circular and external longitudinal
smooth muscle fibers, and tunicaadventitia, an elastic tissue layer rich in fiber and collagen that supports the vaginal wall.
The lamina propria and muscular layer are the two main layers that confer strength to the vaginal wall (De Landsheere et
al., 2013; Dhital et al., 2016; Tadir et al., 2017).

In the present study, elastin was expressed more in the postpartum treatment group than in the nulliparous group,
with a significant difference. Elastin was modulated by estrogen of the extracellular matrix and fibroblasts, which were
responsible for collagen production. The mucosal epithelium functions according to the estrogen level, which naturally
reacts to hormonal fluctuations throughout the woman’s life, as well as during the menstrual cycle. Postmenopausal
women reported having estrogen, whose estradiol levels averaged 14.1 + 0.9 pg/ml and estrone levels averaged 27.5 +
1.2 pg/ml. Physiological estradiol levels in prepubertal children in the range of approximately < 20 pg/ml, adolescent
girls 20-300 pg/ml, adult mestrual women 30-800 pg/ml, and postmenopausal women < 20 pg/ml. During pregnancy, the
average levels of estradiol in women were up to 20.000pg/ml. The ionized epithelium is rich in glycogen fermented by
Lactobacilli to decrease vaginal pH levels. The lamina propria mainly consists of collagen fibers and elastin, and
contains dense plexuses of small blood vessels, lymphatic vessels, and nerves. This layer is more populous toward the
surface and less populous toward the muscular layer. The lamina propria papillae are scarce on the anterior vaginal wall
and grow deeper and stronger toward the posterior wall (Tadir et al., 2017).

In the present study, elastin was more notably expressed in the postpartum treatment group than in the nulliparous
group, with a significant difference. This result was in line with a study by Jallah et al. (2014), in which elastin
production in nulliparous control animals was higher than in the four and eight weeks post-injury, supported by
decreased smooth muscle bundles of the vaginal muscularis. Several other studies supported the fact that postpartum and
vaginal wall prolapse samples exhibit diminished amounts of smooth muscle cells and their supporting tissues based on
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immunohistochemical evaluation, both quantitative and qualitative decrease in collagen and elastin (Farouk et al., 2013;
Jallah et al., 2014; Kerkhof et al., 2014).

At the cellular level, the MMP-9 expression increased in the postpartum period due to its vital role in regulating
type I and Il collagen and elastin in vaginal elasticity. An imbalance in the proportion of MMP-9 and type | and Il
collagen carried the risk of prolapse. Furthermore, fibulin-5 expression played a critical role in elastin synthesis. Fibulin-
5 was involved in the homeostasis of the extracellular elastin matrix in connective tissues. Moreover, elastin was
genetically influenced by the mRNA gene LOX-1. It was also known that elastin synthesis was related to estrogen
production. Estrogen participates in modulating the extracellular matrix, smooth muscles, and fibroblasts which are
responsible for collagen production. Estrogen production gradually diminishes with age. Estrogen also contributes to
childbirth. Elastin production is also vital during parturition to preserve vaginal wall elasticity and maintain structural
integrity against the stretching of the vaginal wall. As Word et al. (2009) stated, elastin fibers in humans are synthesized
in early life, reach their peak during the third trimester, and gradually decrease by the postnatal period. In a woman’s
reproductive organs, elastin fiber synthesis is accelerated, particularly during the postpartum period (Word et al., 2009;
Downing et al., 2013; Novida, 2013).

In the present study, it has been found that the mean thickness of the vaginal mucosal epithelium was greater in the
nulliparous animal model than in the postpartum group. This finding was in accordance with a study conducted by
Hamner et al. (2020), who stated that the measured epithelial thickness in the nulliparous group was higher than the
postpartum group on the third day. The muscular layer of the vaginal wall was significantly altered during the
postpartum period due to uneven thinning of the smooth muscle and smooth muscle bundles. The proliferation of the
vaginal mucosal epithelium was hormonally influenced by FBLNS, actionin, and estrogen. Downregulation of ERa
correlated with a decreased efficacy of higher doses of estrogen in terms of collagen mRNA, total collagen content,
distensibility, and activation of TGF1 gene expression. The estrogen receptor RE-B on the stromal and epithelial layers
could govern the mitotic activity of cells to differentiate and increase the mucosal epithelial thickness (Montoya et al.,
2015; Hamner et al., 2020).

The thinner postpartum vaginal mucosal epithelium might be due to reduced estrogen levels during the postpartum
period as well as mechanical factors. During parturition, intra-abdominal pressure increased sharply as part of the fetal
expulsion process. These mechanisms have a direct effect on the vaginal wall. This increased mechanical force caused
the connective tissue to stretch, which affected the thickness of the vaginal mucosal epithelium, including its
extracellular matrix component. According to Young et al. (2017), pregnancy specifically induced the vagina and its
supporting connective tissue causing vaginal distensibility. This distensibility reached its maximum point during vaginal
childbirth, making the vaginal wall prone to injury, decreased elasticity, and weakness. Other physiological factors that
affect the dilation of the vaginal wall and uterus include fetal size, mechanical contraction, and distension of uteri (Zaki
et al., 2016; Young et al., 2017).

CONCLUSION

The tissues of the female reproductive tract are significantly remodeled and altered to allow the fetus to grow and give
birth. Elastin production is a vital part of the extracellular matrix in the uterus and vaginal wall, which is remodeled
during parturition and at various stages of pregnancy. This study highlights that the expression of elastin significantly
influences the vaginal wall thickness, leading to vaginal distensibility that affects collagen structure in pregnancy and

parity.
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ABSTRACT

Chicken Anemia Virus (CAV) is an extremely contagious immunosuppressive disease causing high economic losses
in poultry production. In the present study, tissue samples (bone marrow, thymus, and spleen) were collected from
86 different broiler chicken farms located in fourteen governorates in Egypt during 2020. They suffered from retard
growth, weakness, and a drop in egg production with an observed mortality rate ranged 5-15%. A total of 26
samples were positive for CAV using PCR in six governorates in Lower Egypt with a 30% incidence rate, especially
in Sharkia (78%), Ismailia (62.5%), and Alexandria (60%). The viral proteinl (VP1) gene of CAV was genetically
characterized by sequencing of 10 selected viruses in six governorates. revealing that all Egyptian strains were
clustered into two groups (A, B) that was distinct from vaccine strains (Del-Ros, Cux-1, and 26PA) which were
clustered in group C. The seven Egyptian viruses in this study (A-Egypt-AN1-2020 to A-Egypt-AN7-2020) were
clustered with the viruses from Japan, Argentina, and Malaysia in group A, and the other three viruses (A-Egypt-
AN8-2020, A-Egypt-AN9-2020, A-Egypt-AN10-2020) were clustered with the viruses from Nigeria, and India in
group B. The Egyptian viruses in the current study acquired new specific mutations clustering them into new
subgroups (2A, 2B). By mutation analysis comparing with Del-Rose reference strains, V751, M97L, and K139Q,
E144Q were recorded in all viruses in the group A and B. All Egyptian viruses in the current study had specific new
mutations at Y13N, H22N. Moreover, mutation at G74E in Egyptian viruses recorded in the current study was
related to sub group 2A, 183V in three strains (A/Egypt/AN1/2020, A/Egypt/AN2/2020, A/Egypt/AN4/2020), and
S140A in the hypervariable region was found in four strains (A/Egypt/AN1/2020, A/Egypt/AN2/2020,
AJEgypt/AN4/2020 and A/Egypt/AN5/2020) in subgroup 2A. Furthermore, Q139 and Q144 amino acid
substitutions, which are important in viral replication, were observed in all viruses. The field viruses in the study
were distinct from the vaccinal strains by phylogenetic analysis and A.A. identity. In conclusion, the CAV was
continuously circulating in Egypt from different genotypes. It acquired new specific mutations clustering them in a
new subgroup, and it was distinct from vaccinal strains. Therefore, it is important to conduct continuous monitoring
on the genetic evolution of CAV and further studies on the pathogenicity of the virus and the vaccine efficacy.
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INTRODUCTION

Chicken Anaemia Virus (CAV) is an immunosuppressive pathogen leading to a barrage of economic losses for poultry
breeders (Islam et al., 2002). The first detection of CAV was in Japan in 1978 (Yuasa et al., 1979). Then it was recorded
and spread in different governorates in Egypt leading to high economic losses (Erfan et al., 2018).

The Chicken Anaemia Virus causes high economic losses, especially in broiler chickens. Chickens of all ages are
vulnerable to infection, but the chickens less than two weeks old commonly represent the clinical diseases (Miller and
Schat, 2004; Cheng et al., 2019). The infection is characterized mainly by anemia, weight loss, and lymphoid atrophy
accompanied by immunosuppression that leads to an increase in the susceptibility of secondary bacterial and viral
infection. The mortality and morbidity rates due to CAV infection reach 55-80% (Lai et al., 2018).

Chicken Anemia Virus (CAV) is a non-enveloped virus and has a negative-sense genome (Peters et al., 2006) that
consists of three overlapping open reading frames encoding to three viral proteins (VP1, VP2, and VP3). The VP1 capsid
protein is an important major structural protein. The VP2 protein is a dual-specificity protein that acts as a scaffold to
phosphatase activity to assist the correct assemblage of VP1 protein (Craig et al., 2009; Rosario et al., 2017). The VP3
protein called apoptin is the primary factor of virulence of CAV inducing the apoptosis of the thymocytes and
hemopoietic cells in infected chickens (Castafio et al., 2019).

The CAV’s Amino Acid (A.A.) composition is extremely restrictive, with major differences in some regions in the
VVP1 gene called Hyper Variable Region (HVR) at 139-151 A.A. (Zhang et al., 2013). The VP1 gene is responsible for
the genetic characterization of the virus, and It encodes a highly immunogenic protein responsible for the potential and
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virulence of infection (Lien et al., 2012). Three genotypes of CAV (I, I, and 111) are genetically distinct and recognized
based on the phylogeny of VP1 gene (Snoeck et al., 2012). Genotypes Il and Il are worldwide distributed, while
genotype | consists alone of Australian isolates (Kim et al., 2010). Only minor mutations in amino acid sequences have
been recorded in CAV viruses from various geographical positions (Ducatez et al., 2005; Kim et al., 2010). The
Commercially used CAV vaccines (Cux-1N/Germany and CAV/Nobilis®P4) are derived from wild-type CAVs that are
not completely attenuated; therefore, the virus can revert to virulent, and be transmitted horizontally and vertically
causing clinical symptoms in young chickens (Tseng et al., 2019)

The objective of the present study was to disseminate the situation and molecular characterization of CAV
circulating in Egypt during 2020 and to determine the relationship between current viruses and vaccine strains for
improving the control of the virus.

MATERIALS AND METHODS

Tissue specimen

The samples were collected from 86 commercial broiler chicken farms (aged two to four weeks) located in 14
Egyptian Governorates (Beheira, Shargia, Qalyubia, Dakahlia, Ismailia, Gharbia, Giza, Matruh, Cairo, Alexandria,
Minya, Beni Suef, Sohag, Faiyum) during 2020 (Table 1 and Figure 1). Most tested broiler chicken farms were
vaccinated. The samples were collected from different tissues (bone marrow, thymus, and spleen). The samples were
homogenized by grinding. Twenty-five mg of various affected tissues were grounded with phosphate buffer saline (PBS)
and the mixture of one mg streptomycin sulphate/ml and 1000 1.U. penicillin/ml using a mortar and pestle. the Freezing
and thawing were carried out three times, and then it was centrifuged at 3000 rpm for 20 minutes. Next, the supernatant
was collected in a new tube and stored at -20 till used (Hirai and Shimakura, 1974).

Ethical approval

The handling of chickens was based on the ethical role of the National Animal Health and Research Institute, Giza,
Egypt. The tissue samples were collected from dead chickens suffering from an infection of CAV in commercial farms.
Both handling of the chickens and sampling were performed with respect to animal rights, and immediately after the
confirmation of death by a veterinarian.

Table 1. The location, number, and the result of evaluated
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Total 86 26 (30%) Figure 1. Distribution of chicken anemia virus in
CAV: Chicken anemia virus, No: Number Egyptian map in 2020

Detection of chicken anemia virus by PCR

DNA was extracted from tissue homogenate by QIAmp DNA mini kit (Qiagen Inc., Valencia, Calif., USA)
following the manufacturer’s instructions. Amplification of partial VP1 gene was carried out by using Emerald Amp®
GT PCR kit (TaKaRa Bio, Inc., Shiga, Japan), gene-specific oligonucleotide primers (5-GAC TGT AAG ATG GCA
AGA CGA GCT C-3 and 5-GGC TGA AGG ATC CCT CAT TC-3) were used (Todd et al., 1991) according to
manufacturer’s instructions. The specific amplified PCR product was detected by agarose gel electrophoresis.

Sequencing of partial VP1 gene
Ten positive samples were selected for partial sequencing of the VP1 gene (Table 2). The positive amplified PCR
product was purified using QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany). The sequence reaction was carried
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out by using BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA), then it was purified by using
Centrisep spin column, (Thermo Fisher, USA), and the sequence collection was performed by ABI 3500 Genetic
Analyzer (Life Technologies, USA).

Genetic and phylogenetic studies

The DNA sequence of the partial VP1 gene for Egyptian CAV in this study was aligned with 23 different viruses
from different countries and vaccine strains (Del-Ros, Cux-1, and 26PA) from the National Centre in Biotechnology
Information (NCBI) by using Bio-Edit software clustal W (Hall, 1999). The Phylogenetic tree was made by using the
Neighbor-Joining method in MEGA 6 with 1,000 bootstrap replications (Tamura et al., 2013). The genetic distance
among different viruses was carried out using DNASTAR Lasergene 9 (Madison, WI, USA). The viruses in the present
study were published in National Center for Biotechnology Information (NCBI) under accession number (Table 2).

Table 2. Governorates and Genbank accession number of partial VP1gene sequence of 10 chicken anemia virus selected

samples
No. Code Governorate Accession number
1 A-Egypt-AN1-2020 Beheira MW286460
2 A-Egypt-AN2-2020 Shargia MW286461
3 A-Egypt-AN3-2020 Alexandria MW286462
4 A-Egypt-AN4-2020 Cairo MW286463
5 A-Egypt-AN5-2020 Ismailia MW286464
6 A-Egypt-AN6-2020 Shargia MW286465
7 A-Egypt-AN7-2020 Qalyubia MW286466
8 A-Egypt-AN8-2020 Beheira MW286467
9 A-Egypt-AN9-2020 Beheira MW286468
10 A-Egypt-AN10-2020 Shargia MW286469
RESULTS

Clinical signs and gross pathology

The gross examination showed that there were infected flocks suffering from stunting, depression, poor growth,
weakness, mild drop in egg production with mortality rates ranging from 5% to 15%. While the complete necropsy
examinations revealed paleness in bone marrow and liver, atrophy of bursa of Fabricius and thymus. Subcutaneous
hemorrhage was also observed in some cases. It was similar to clinical signs findings of Swayne et al. (2019).

Detection of chicken anemia virus by PCR

Out of 86 tested tissue samples, 26 samples were CAV positive at the correct size band of 675 bp with an incidence
rate of 30% (Table 1). All positive samples were recorded in six governorates (Beheira, Shargia, Alexandria, Cairo,
Ismailia, Qalyubia) in Lower Egypt with the highest incidence in Shargia, Ismailia, and Alexandria (78%, 62.5%, and
60%, respectively), and the lowest incidence in Cairo (40%).

Genetic characterization of VP1 gene of chicken anemia virus

The nucleotide and amino acid sequence of VP1 gene of selected 10 positive samples of CAV located in six
governorates (Beheira, Shargia, Alexandria, Cairo, Ismailia, Qalyubia) were aligned with different CAV viruses and
vaccine strains from the National Centre in Biotechnology Information (NCBI) By using Bioedit clustal W software
(Hall, 1999), and The Phylogenetic tree was made by using the Neighbor-Joining method in MEGA 6 with 1,000
bootstrap replications (Tamura et al., 2013). The phylogenetic tree showed that VP1 gene of CAV was divided into two
groups (A, B) distinct from vaccine strains (Del-Ros, Cux-1, and 26PA) that were clustered in group C. The seven
Egyptian viruses (A/Egypt/AN1/2020 to A/Egypt/AN7/2020) were clustered with G6/Japan/AB119448.1, ArgA0021-
3/Argentina/EU871783.1 and SMSC-1/Malaysia/AF285882.1 in group A in a new subgroup 2A, but the other three
viruses (Egypt/AN8/2020, Egypt/AN9/2020 and Egypt/AN10/2020) were clustered with NIE/19.04/118/Nigeria and
CAV-B/India in the group B in a new subgroup 2B as shown in Figure 2.

By mutation analysis of partial VP1 gene sequence including the hypervariable region (139-151) comparing with
Del-Rose reference strains, the V751, M97L, K139Q, and E144Q mutations were recorded in all viruses related to group
A and B. The last two mutations were included in the hypervariable region. All Egyptian viruses in the current study had
specific new mutations at Y13N and H22N. In addition, the seven Egyptian viruses related to group 2A had G74E and
183V in A/Egypt/AN1/2020, AJEgypt/AN2/2020, A/Egypt/AN4/2020 and S140Ain in AJEgypt/AN1/2020,
AJEgypt/AN2/2020, A/Egypt/AN4/2020 and A/Egypt/AN5/2020. The last one is included in the hypervariable region as
shown in Table 3.
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Figure 2. Phylogenetic tree of the partial VP1 gene sequence of chicken anemia virus. FN: The figure shows the
phylogenetic analysis of VP1 gene of CAV revealing that all Egyptian viruses were clustered into two groups (A, B) in a new
subgroup (2A, 2B) that was distinct from vaccine strains that were clustered in group C. The CAV viruses in the present study are
indicated with a black dot.

Table 3. Numbers of amino acid substitution of partial VP1 gene sequence comparing with Del-Rose reference strains
Number of amino acid in VVP1 gene

Strain name Cenoype —3——2> 74 75 83 97 1390 140 144
Del-Ros/USA/AF313470 (Refrence strain) C Y H G \4 1 M K S E
SMSC-1/Malaysia/AF285882.1 1A - - - 1 - L Q - Q
AH9410/Japan/AB046590.1 1A - - - 1 - L Q - Q
ArgA00213/Argentina/EU871783.1 1A - - - 1 - L Q - Q
A/Egypt/AN1/2020 2A N N E 1 Vv L Q A Q
A/Egypt/AN2/2020 2A N N E 1 v L Q A Q
A/Egypt/AN3/2020 2A N N E 1 - L Q - Q
AJEgypt/AN4/2020 2A N N E Iy L Q A Q
A/Egypt/AN5/2020 2A N N E 1 L Q A Q
AJEgypt/AN6/2020 2A N N E 1 - L Q - Q
A/Egypt/ANT7/2020 2A N N E 1 - L Q - Q
CAV-A/India/AY583755 1B - - - 1 - L Q - Q
BD-3/Bangladesh/AF395114 1B - - - 1 - L Q - Q
NIE/19.04/118/Nigeria/AJ888524 1B - - - 1 - L Q - Q
A/Egypt/AN8/2020 2B N N - 1 - L Q - Q
AJEgypt/AN9/2020 2B N N - 1 - L Q - Q
A/Egypt/AN10/2020 2B N N - 1 - L Q - Q
Nobilis P4 Vaccine/AJ890284 C - - - - - - - - -

A: Alanine, E: Glutamic acid, G: Glycine, H: Histidine, I: Isoleucine, K: Lysine, L: Lysine, M: Methionine, N: Asparagines, Q: Glutamine, S: Serine,
V: Valine, Y: Tyrosine. The A.A. identity showed that the seven Egyptian viruses (A/Egypt/AN1/2020 to A/Egypt/AN7/2020) had a high identity
percent (97 to 97.9%) with G6/Japan/AB119448.1, ArgA0021-3/Argentina/EU871783.1, and SMSC-1/Malaysia/AF285882, and the other three
Egyptian viruses (A/Egypt/AN8/2020, A/Egypt/AN9/2020, A/Egypt/AN10/2020) had a high identity percent (97.3-98.7%) with BD-3/Bangladesh and
NIE/19.04/118/Nigeria. The A.A. identity percent among Egyptian viruses in the subgroup 2A and 2B in the current study and vaccine strains used in
Egypt (Cux-1, Del-Ros, and 26PA) was 94.8 to 95.7% A.A. and 97-97.8% A.A. respectively as shown in Figure 3.
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Figure 3. Amino acid identities of VP1 gene of CAV compared to other selected viruses and vaccines’ strains. FN: The
A.A. identity percent among Egyptian viruses in the subgroup 2A and 2B in the current study and vaccine strains used in Egypt (Cux-1, Del-Ros, and
26PA) was 94.8 t0 95.7% A.A. and 97-97.8% A.A. respectively.

DISCUSSION

Chicken anemia virus worldwide is an immunosuppressive disease that circulates in several countries (Natesan et al.,
2006; Zhang et al., 2013). In Egypt, the CAV was spread in different governorates causing high mortality and economic
losses (Erfan et al., 2018). In the current study, 26 positive samples out of 86 samples were collected from different
broiler chicken farms located in six out of 14 governorates in Egypt with a high incidence rate (30%) in Lower Egypt,
especially in Sharkia (78%), Ismailia (62.5%), and Alexandria (60%) and most of them were vaccinated. It is an
indicator for the progressive exacerbation of the disease in vaccinated broiler chicken farms in Egypt during 2020 with a
high mortality rate that ranged from 5 to 15 percent.

The VP1 gene sequence is extremely important to determine the virulence of the virus, cell infection ability, viral
replication, and the relationship among CAV viruses especially the N-terminal half of VP1 gene that contains the
hypervariable region from 139 to 151 A.A. (Renshaw et al., 1996; Islam et al., 2002; Negasi et al., 2008). These
hypervariable regions are the most variable region in the VP1 gene of chicken anemia virus as previously mentioned by
Islam et al. (2002). Phylogenetically, the VP1 gene was divided into many groups in the world that can easily identify
the field and vaccines’ strains (Eltahir et al., 2011)

As previously recorded the CAV circulated in Egypt from different genotypes may be due to multiple introductions
(AboElkhair et al., 2014; Abdel-Mawgod et al., 2018; Erfan et al., 2018). In the current study, ten viruses were selected
from six different governorates to be sequenced for partial VP1 gene and to be compared with viruses isolated from
many countries, such as Germany, India, Japan, Nigeria, Bangladesh, USA, Korea, Taiwan, and China (Schat, 2009). All
Egyptian viruses in the current study related only to field viruses. The vaccine strains were not recorded. In the present
study, the seven viruses were related to the viruses from Japan, Argentina, and Malaysia as previously recorded
(AboElkhair et al., 2014; Abdel-Mawgod et al., 2018; Erfan et al., 2018). but the Egyptian viruses in the study were
acquired new mutations cluster them in a new subgroup 2A and the other three Egyptian viruses were related to the
viruses from Nigeria, India with new mutations cluster them in a new subgroup 2B. These findings indicated continuous
circulation of multiple genotypes of CAV in Egypt with multiple evolutions in the VP1.

By A.A. mutation analysis, the viruses related to group A and B had A. A mutation at V75I, M97L, K139Q,
E144Q when comparing with DEL-Rose vaccine strain as previously described by AboElkhair et al. (2014) and Erfan et
al. (2018). The 139Q and 144Q could decrease the efficacy of the replication in the cell culture (Renshaw et al., 1996). In
the current study, the Egyptian viruses had a specific new mutation. The Y13N, H22N were recorded in all Egyptian
strains in our study and G74E, were recorded in subgroup 2A and 183V in A/Egypt/AN1/2020, A/Egypt/AN2/2020,
AJEQypt/AN4/2020, and S140Ain in  AJEgypt/AN1/2020, AJEgypt/AN2/2020, A/Egypt/AN4/2020 and
AJEgypt/AN5/2020. The H22N was recoded by AboElkhair et al. (2014) in one Egyptian virus that was important in
distinguishing the strain of CAV. Further studies are needed to work on the effect of these mutations in the
pathogenicity of the virus and they may be the cause of outbreaks in vaccinated farms.

Recently, multiple vaccines are used (mainly Del-Ros, Nobilis P4, and Cux-1 strains) for breeder flocks producing
maternal antibodies to newly born chickens which give protection till two to three weeks old (Haridy et al., 2009;
Prezotto et al., 2016). The phylogenetic analysis and A.A. identity showed that the field viruses were distinct from the
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vaccines’ strains as previously recorded by AboElkhair et al. (2014) and Erfan et al. (2018). It explains the occurred
infection of the vaccinated flocks by CAV as mentioned by Abdel-Mawgod et al. (2018) and Erfan et al. (2018). Further
study is needed to determine the vaccine efficacy against the field stains.

CONCLUSION

The chicken anemia virus was widely circulated with a high incidence in Lower Egypt in six governorates. The
phylogenetic tree of the partial VP1 gene during the present study indicated the Egyptian virus were clustered in two
groups (A, B) with a newly acquired mutation specific to Egyptian viruses forming new subgroups (2A, 2B). The field
virus in the current study was genetically distinct from vaccine strains. Continuous monitoring on the genetic evolution
of CAV and further studies are required to work on the effect of acquired mutations on the pathogenicity of the virus and
the vaccine efficacy.
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ABSTRACT

Gastrointestinal parasites are considered to be silent killers of animals. The objective of the current study was to
determine the effect of the agro-ecological zone, age, and sex on the parasite prevalence and fecal egg/oocyst count
in donkeys residing in Lesotho. A total number of 720 fecal samples were collected rectally from 120 indigenous
donkeys that were randomly selected from the highlands, foothills, and lowlands of Maseru district, Lesotho. The
fecal samples were collected every two months for one year and examined using the floatation technique. The
overall prevalence for nematodes, coccidia, and cestodes in donkeys were 87.78%, 4.31%, and 1.53%, respectively.
The highest nematode prevalence and intensity were detected in the donkeys of highlands. The coccidian infection
was lower in the lowlands while cestodes infection was more prevalent in the foothills. Donkey’s age had an impact
on the nematode fecal egg load but did not affect the prevalence of nematodes in donkeys. Age did not significantly
affect the prevalence and fecal egg/oocyst count of cestodes and coccidia. Male donkeys had a higher prevalence
and fecal egg count of cestodes. In conclusion, the nematodes were found to be the major gastrointestinal parasites
of donkeys in the Maseru district. Therefore, there is a need to design a sustainable strategy aimed at controlling the
gastrointestinal parasites in donkeys.
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INTRODUCTION

In many countries, equines have a great contribution to the national economy; however, gastrointestinal parasites (GIPs)
are the major constraints that hinder their probable output (Enigidaw et al., 2015). These parasites hinder the maximum
working capacity of donkeys (Nakayima et al., 2017). The poor nutritional and immune status of equines also makes the
equine to be susceptible to parasitic diseases, which negatively influences their health and working performance (Zerihun
etal., 2011; Belay et al., 2016). Tesfu et al. (2014) observed that among the helminths, nematodes, especially strongyles,
are one of the most common and prevalent GIPs in donkeys. Factors such as temperature and moisture provide a
favorable environment for the development of larvae to the infective stage which is ingested during animal grazing
(Saeed et al., 2019). The infection occurs from the ingestion of infective larvae or eggs during grazing (Andarge et al.,
2017). Takele and Nibret, (2013) stated that open grazing promotes ingestion of the helminth eggs. According to Upjohn
et al. (2010), the intensity of infection can be affected by climatic conditions, grazing practices, and anthelmintic use.
Wagas et al. (2015) indicated a high likelihood of GIP infection occurrence to grazing equines. In addition, Molla et al.
(2015) reported that communal grazing serves as a favorable factor for the survival of strongyles.

Tedla and Abichu (2018) indicated that lack of sufficient veterinary services and poor management of equines
contribute to higher parasitic infections. Donkeys depend on rangelands for feeding, therefore, the chance of being
infected with parasites is very high. In Lesotho, owners do not follow appropriate animal health management practices in
the donkey population (Demelash et al., 2016), leading to high incidences of parasite infections. In addition, there is a
lack of information on the prevalence of GIPs among donkeys in Lesotho. Therefore, the objective of the current study
was to determine the effect of Agro-ecological Zone (AEZ), age, and sex on the prevalence and intensity of GIP
infections in donkeys. The findings of the present study would help donkey owners and other relevant stakeholders to
design the holistic deworming strategy for donkeys. The welfare of donkeys would be enhanced and hence the lives of
the rural communities would improve due to the enhanced performance of donkeys.

MATERIALS AND METHODS

Ethical approval
The scientific and ethics committee of the Department of Animal Science of the National University of Lesotho
approved the study protocol. The use of animals was in accordance with the international animal welfare standards laid
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down in the 1964 Declaration of Helsinki and its later amendments.

Study area

The study was conducted for 12 months from May 2018 to April 2019 in the three AEZs of Maseru district in
Lesotho, including the lowlands, foothills, and highlands named Koro-koro, Matsieng, and Marakabei, respectively. The
lowlands have an altitude ranging from 1500-1800 m above sea level, foothills are in the middle between 1800-2200 m
above sea level and it covers 10-15% of the total area while the highlands covers over 2/3 of the country and rises to the
elevation of 2200-3000 m above the sea level (FAO, 1996). The lowlands have the annual rainfall ranging from 600-900
mm, foothills between 900-1000 mm while 1000-1300 mm is experienced in the highlands. The temperatures vary from
11 to 30 'C (Olaleye et al., 2016).

Sample size and fecal egg counting

A total number of 120 indigenous donkeys were randomly selected from the three AEZs. The selection of villages
in the three AEZs was done through the help of Agricultural Technical Officers. The data was collected with respect to
AEZ, sex, and age. A total number of 40 donkeys were selected per AEZ, consisting of 20 males and 20 females, and 5
young and 15 adults were selected as experimental units from each gender group. The age estimation of donkeys was
performed through dentition whereby the young animals consisted of the donkeys less than two years old while adults
were defined as those above two years old.

A total number of 720 fecal samples was directly collected rectally from 120 indigenous donkeys with disposable
gloves into airtight bottles. The fecal samples were collected every two months for a period of one year (six samples per
animal). The bottles containing samples were kept in the cool box to prevent hatching the eggs before Fecal Egg
Counting (FEC), then examined by using the floatation technique (Zajac and Conboy, 2012). The collected fecal
samples were refrigerated in the Animal Science Laboratory and the laboratory analyses were done within 48 hours. In
the laboratory, each fecal sample weighing 4 g was thoroughly mixed with 56 mL of sodium chloride (floatation
solution). The solution was sieved into the beaker and a few drops of amyl alcohol were added to treat the bubbles. The
pipette was used to draw some milliliters of the solution to fill the two chambers of the McMaster slide and then viewed
under a light microscope (Olympus, Japan). All eggs/oocyst of GIPs were counted and identified based on their
morphology. The number of eggs/oocysts per grams of feces was calculated using the following formula (Nakayima et
al., 2017):

Fecal egg/oocyst count = (number of eggs/oocysts in chamber 1 + number of eggs/oocysts in chamber 2) x 50

The prevalence of GIPs was calculated as follows:

Prevalence = [(number of positive samples) / (number of examined samples)] x 100

Statistical analysis

The Statistical Package for Social Sciences (SPSS, version 16.0) was used for data analysis. The general linear
model was used to evaluate the effect of AEZ, sex, and age on the GIPs prevalence and fecal egg/oocyst count in
donkeys. The data was also subjected to binary logistic regression under General Estimating Equations (GEE) to observe
the likelihood of change in prevalence. The GEE was also used to analyze fecal egg/oocyst count data adopting a
negative binomial regression model expressing the results in terms of Beta Exponential (in percentages). Based on
Duncan’s multiple range test, the confidence interval was held at 95% and p-value less than 0.05 was considered
statistically significant.

RESULTS

Overall prevalence of gastrointestinal parasites infection
The results from the examination of fecal samples indicated that donkeys were positive for different GIPs. The identified
fecal eggs/oocysts were from nematodes, cestodes, coccidia with the prevalence of 87.78%, 1.53%, and 4.31%,
respectively (Table 1).

Prevalence and intensity of gastrointestinal parasites infection in different agro-ecological zones
Nematode eggs were most observed in donkeys in the study areas (Table 2). The highest prevalence of nematodes was
observed in donkeys reared in the highlands (90.40%), followed by lowlands (89.20%), and foothills (83.80%).
However, the difference was not significant between the donkeys in the highlands and lowlands (p > 0.05). However, the
fecal egg count in donkeys in the highlands was significantly higher than those kept in the lowlands (p < 0.05). In the
foothills, the number of donkeys infected with nematodes was significantly lower than those in the highlands (p < 0.05),
but the fecal egg count was not affected by AEZs. In the case of coccidia, the prevalence was higher in donkeys found in
the highlands (6.20%) than those in the foothills (4.20%) but not statistically significant (p > 0.05). The prevalence of
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coccidia in donkeys in the lowlands (2.50%) was not statistically different from those in the foothills but significantly
different (p < 0.05) from donkeys found in the highlands. The difference in fecal oocyst counts was non-significant
across the three AEZs (Table 2). There was a non-significant difference (p > 0.05) in the prevalence and intensity of
cestode infection among donkeys in different agro-ecological zones (Table 2).

Prevalence and intensity of gastrointestinal parasites infection in different age groups

As presented in Table 3, there was no significant difference (p > 0.05) in the prevalence of gastrointestinal
nematodes between young and adult donkeys while the fecal egg count was significantly different (p < 0.05) between
these two groups. The adult donkeys were more heavily infected with gastrointestinal nematodes. Regarding cestodes
and coccidia, the obtained results indicated that the prevalence and intensity of infection did not differ significantly in
adult and young donkeys (p > 0.05, Table 3).

Prevalence and intensity of gastrointestinal parasites infection according to sex in donkeys

As presented in Table 4, the prevalence and intensity of nematode infection were higher in the female donkeys than
male donkeys but the effect was not statistically significant (p > 0.05). The prevalence of coccidia infection was higher
in male donkeys but had a lower fecal oocyst count than female donkeys. However, the differences were insignificant (p
> 0.05, Table 4). The cestodes prevalence and fecal egg count were significantly higher in males than those in females (p
<0.05, Table 4).

Table 1. Prevalence of gastrointestinal parasites in fecal samples collected from 120 indigenous donkeys in Maseru
District, Lesotho, based on fecal egg/oocyst counts.

Gastrointestinal parasites Number of samples examined ~ Number of positive samples  Prevalence (%)
Nematodes 720 632 87.78
Coccidia 720 31 4.31
Cestodes 720 11 1.53

Table 2. Effect of the ago-ecological zone on the gastrointestinal parasites prevalence and fecal egg/oocyst count in
donkeys in Maseru District, Lesotho.

Agro-ecological zone Prevalence Fecal egg/oocyst count
% Standard error EMM Standard error
Lowlands 89.20% 0.020 528.12° 40.609
Nematodes Foothills 83.80° 0.024 639.17% 36.843
Highlands 90.40° 0.019 673.96° 51.511
Lowlands 2.50% 0.010 4.79° 2.163
Coccidia Foothills 4.20® 0.0.13 5.00% 2.259
Highlands 6.20° 0.016 6.67% 2.108
Lowlands 0.80% 0.060 1.04% 0.843
Cestodes Foothills 2.10° 0.090 2.92¢ 1.574
Highlands 1.70° 0.050 1.46° 1.058

® Means within a column with a common superscript do not differ significantly (p>0.05). EMM: Estimated Marginal Means. Exp.B: Exponential Beta.

Table 3. Effect of age group on the gastrointestinal parasites prevalence and fecal egg/oocyst count in donkeys in
Maseru District, Lesotho.

Prevalence Fecal egg/oocyst count
Age
% Standard error EMM Standard error

Young (<2y) 86.70° 0.024 492,228 27.365
Nematodes

Adults (>2y) 88.10° 0.014 654.26" 31.444

Young (<2y) 4.40° 0.015 6.67% 2.528
Coccidia

Adults (>2y) 4.302 0.090 5.09% 1.450

Young (< 2y) 0.00? 0.090 0.00? 1.295
Cestodes

Adults (> 2y) 2.00% 0.050 2.41° 0.748

® Means within a column with a common superscript do not differ significantly (p>0.05). EMM: Estimated Marginal Means. Exp. B: Exponential
Beta.
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Table 4. Effect of sex on gastrointestinal parasites prevalence and fecal egg/oocyst count in donkeys in Maseru District,
Lesotho.

Prevalence Fecal egg/oocyst count
Sex
% Standard error EMM Standard error

Male 86.10° 0.018 592.92% 40.347
Nematodes

Female 89.40° 0.016 634.58° 30.650

Male 4.40% 0.11 4.86% 1.704
Coccidia

Female 4.202 0.11 6.11° 1.852

Male 2.50% 0.060 2.928 1.255
Cestodes

Female 0.60° 0.050 0.69° 0.566

® Means within a column with a common superscript do not differ significantly (p>0.05). EMM: Estimated Marginal Means. Exp.B: Exponential Beta.

DISCUSSION

The higher prevalence of nematodes recorded in the present study was in accordance with the findings of Asefa and Dulo
(2017) who observed an overall prevalence of 83.70% in Bishoftu town, Ethiopia. Different studies conducted in several
countries observed a range of 2- 80% E. leuckarti widespread, for instance, the prevalence ranged 4.5- 5.88% in Turkey
(Studzinska et al., 2008), which is close to the overall prevalence of coccidia (4.31%) observed in the present study. In
line with the observations of the current study, Nakayima et al. (2017) found the occurrence of gastrointestinal cestodes
to be less in donkeys. However, Belay et al. (2016) recorded a prevalence of 3.7% of cestodes as compared to 1.53%
observed in the current study.

The higher nematode prevalence and fecal egg count in the donkeys of highlands might be due to grazing on
wetlands which have the potential of promoting nematode development due to high moisture content since the annual
mean rainfall is between 1000 to 1300 mm in this region (Olaleye et al., 2016). Raza et al. (2007) also showed that most
green pastures that are waterlogged increase the spread of helminths. Similarly, higher mean egg per gram of feces was
recorded in donkeys in the highlands (Sheferaw and Alemu, 2015). Development and survival of the nematode eggs and
larvae are influenced mainly by climatic conditions, such as temperature and humidity, which differ greatly according to
geographical locations (Belete and Derso, 2015).

The high prevalence and level of infection of coccidia in the highlands might be due to poor animal husbandry.
Other researchers noted that the occurrence of coccidiosis is associated with undernourishment, poor sanitation,
overstocking, poor management practices, and stress (Sudan et al., 2013). Therefore, the lower fecal oocyst count in the
lowlands could be attributed to an unfavorable environment for the development of the oocysts because the lowlands are
very dry with high temperatures.

The gastrointestinal cestodes were the lowest prevalence in the current study. Tolossa (2016) explained that low
prevalence could be due to the seasonality of oribatid mites as vectors. However, in this study, the higher prevalence and
intensity of cestodes in the foothills could be due to the longer grazing periods which result in the ingestion of more
mites and hence increased cestodes prevalence (lhler et al., 1995). Moisture is of great importance in increasing the mite
population which favors the cestodes infection (Tomczuk et al., 2017). Given the meteorological data, the higher rainfall
(900-1000 mm) in the foothills (Olaleye et al., 2016) results in high moisture which contributes to oribatid mites and
hence the prevalence of cestodes.

The GIPs affect equines of all ages, although the older equines are likely to develop resistance and act as the source
of infection by contaminating the pastures (Shite et al., 2015). There was a significant association between age and the
nematode fecal egg load whereby high intensity was in adults probably due to poor body condition. The poor body
condition and decreased immunity in adult equines are the results of extensive work, overload, and poor nutritive feeds
(Takele and Nibret, 2013; Belay et al., 2016). These adult working donkeys sometimes remain the source of infection to
young donkeys because most of them are heavily infected with GIPs without showing any signs of infection. In addition,
the lower level of nematode infection in young donkeys may be due to the fact that they are kept in stables most of the
time while adults work as pack animals moving from one area to another and this exposes adult donkeys to different
parasites. However, Andarge et al. (2017) observed that in terms of susceptibility to nematodes there was no significant
difference between young and adult donkeys. On the other hand, the prevalence of Parascaris equorum (nematode) was
found to be significantly higher in younger equines (Sheferaw and Alemu, 2015).

The findings of the current study were in accordance with Dubey and Bauer (2018) who observed a higher
prevalence of coccidia in foals than that in adult animals and further indicated that foals can acquire infection on the day
of birth due to a contaminated environment than being infected from oocysts excreted by their mares. It is emphasized
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that Eimeria leuckarti is more prevalent among young foals though it can be infrequently detected in adult animals (De
Souza et al., 2009). Nakayima et al. (2017) stated that the infection of coccidia is related more to young donkeys.

Concerning cestodes, Getachew (2006) also showed that there is no association between age and tapeworm
infection prevalence in horses. Sori et al. (2017) indicated that sex was not associated with the prevalence of equine
strongylosis, possibly because the management is the same regardless of the sex class (Tone et al., 2016). The
insignificant difference in nematode egg counts between male and female donkeys could be due to the fact that they were
reared and grazed on the same pasture (Tone et al., 2016). However, Sheferaw and Alemu (2015) stated that P. equorum
was highly prevalent in female equids than males. Females have a close relationship to their foals, so this makes the
females more susceptible as the parasites recycle between dams and foals. Moreover, the possible explanation for non-
significant differences in terms of GIP infection prevalence and intensity between male and female donkeys could be
attributed to the mutual grooming behavior of donkeys that could play a role in transmitting the infection between
members of a herd. On the other hand, there are reported cases of the high prevalence of strongylosis in males compared
to females despite the fact that the differences were not significant (Sori et al., 2017). The possible reason might be due
to the workload done by males than females, which causes stress and consequent immune-suppression which results in
parasitic burden (Regassa and Yimer, 2013). In accordance with the results of the present study, other researchers
observed equal prevalence of E. leuckarti (coccidia) in both males and females (Ghahfarrokhi et al., 2014). On the other
hand, E. leuckarti infection was found to be prevalent in females (De Souza et al., 2009). This explains why there was a
higher mean fecal oocyst count in females than males in the current study. However, the obtained results of the present
study were in contradiction with that of Nakayima et al. (2017) who found higher mean fecal oocysts count in males than
females.

In agreement with the results of the present study, Tomczuk et al. (2017) reported a higher prevalence of cestodes
infection in females than that in males. However, Getachew (2006) reported the non-significant difference in the
prevalence of cestodes between donkeys from different sexes.

CONCLUSION

Nematodes were the main gastrointestinal parasites affecting donkeys in the Maseru district. The donkeys in the
highlands and adult donkeys were more heavily infected with nematodes. The coccidia prevalence and fecal oocyst load
were not affected by the age and sex of the donkeys. The cestodes were more prevalent in male donkeys than females.
Therefore, there is a need to develop a deworming strategy addressing specific gastrointestinal parasites for different age
and sex groups of donkeys in different agro-ecological zones of Lesotho.
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ABSTRACT

Weaning age is an important factor that affects the growth and health of weaned animals. Therefore, the current
experiment was conducted to study genotype (G) and weaning age (WA) interaction (GXWA) effects on growth
traits of the animals belonged to two lines of rabbits (APRI and V line) reared under Egyptian conditions.
Multiparous doe rabbits were serviced to obtain 225 litters with 1800 young rabbits at weaning. The weaning ages
ranged from 26 to 43 days where the young rabbits were weaned at different ages (>28 days, WAI; 28 < Treatment
> 35 days, WA2; 35 < Treatment > 40 day, WA3 and 40< Treatment, WA4). Body weight (BW) from 4 to 16 weeks
of age and corresponding average daily gain (ADGy,,) were measured. The BW significantly increased in APRI
rabbits, compared to those in V line at the different ages where at the end of the fattening period, the difference was
105 g per animal with higher ADG. Regarding the weaning age effects, positive effects were observed where the
highest BW was observed at the fattening period. The ADG of rabbits weaned in late weaning was higher than in
early weaning with significant differences. The observed results suggest the existence of relevant GXWA interaction
for the investigated traits. Therefore, the weaning age of 29-35 days is recommended for young APRI rabbits while
it is suggested to wean the V rabbits after 35 days. The study confirmed that early weaning is not preferable for the
rabbit under Egyptian conditions and it is better to wean young rabbits at the minimum age of 30 days to achieve the
best BW and growth rate.
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INTRODUCTION

In recent years, interest in rabbit production has increased due to its economic and health importance for humans, as it is
considered an ideal solution to the growing protein shortage in developing countries (Dalle Zotte 2002; Petracci et al.,
2009; Ebeid et al., 2013). The weaning of rabbit kits is very critical during the life of doe rabbits since it can affect the
health status and the growth performance of the weaning kits during the fattening period, particularly during the first
post-weaning weeks. Moreover, weaning age has a significant effect on the body condition of the doe rabbits, such as
energy deficit and body lipid depots by limiting the duration of lactation and reproduction rhythm (Xiccato et al., 2004;
Avrias-Alvarez et al., 2009). The health and mortality of weaned rabbits are affected by weaning age (Savietto et al.,
2016; Rebollar et al., 2009). With this in mind, it is important to determine the appropriate weaning age when the litter
can technically be separated from the does. The results of the weaning age effects on the mortality and the yields of the
kits during the fattening are contradictory. Lebas (1993) recommended late weaning to reduce post-weaning mortality.
Also, Gidenne and Fortun-Lamothe (2002) found higher mortality between 32 and 45 days in Kittens weaned at 23 days
than in those weaned at 32 days (17.2 versus 9.2%).

Other properties that are affected by weaning age include body weight (BW) and gut microbiota (Bennegadi et al.,
2003; Gallois et al., 2004). De Blas et al. (1981) found that in 35-day weight of the kits weaned at 25 days was lower
than that of animals weaned at 35 days (750 vs. 870 g, respectively) although all finished the bait with the same weight
(2.0 kg) due to the compensatory growth of first ones.

The APRI line was established from Egyptian Baladi Red (BR) and a Spanish line (V) rabbits started in 2002 at the
Sakha experimental rabbitry, Animal Production Research Institute, Agricultural Research Center, Ministry of
Agriculture, Egypt. The APRI line was founded by crossing Baladi Red bucks with V line does to produce F1 (¥2B%:V)
stock, followed by two generations of inter se matings to achieve performance stability (Youssef et al., 2008 and Abou
Khadiga et al., 2010). The V line was established from four different synthetic maternal populations in 1984, crossing
crossbred males of two types with crossbred females of two other types. Selection candidates were also genetically
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evaluated for prolificacy at weaning using a repeatability animal model, obtaining Best Linear Unbiased Prediction
(BLUP) predictions of their additive genetic value (Estany et al., 1989). A replicate of the V lines was established in
2002 in Sakha and the selection criterion was changed to litter weaning weight as in the APRI line (Youssef et al., 2008).
The objective of the current study was to study the effects of genotype and weaning age interaction (GXWA) on growth
traits of the animals belonged to two lines of rabbit on kits performance during the fattening period under Egyptian
conditions.

MATERIALS AND METHODS

Ethics approval
All experimental procedures were approved by the Committee of Ethics and Animal Welfare of Animal Production
Research Institute, Sakha, Kafr EI-Sheikh Governorate, Egypt.

Animals

The present study was conducted involving a synthetic Egyptian line (APRI) and a Spanish maternal line (V line).
Rabbits were raised at the Experimental Rabbitry of Animal Production Research Institute, Sakha, Kafr El-Sheikh
Governorate, Egypt. The analysis included the growth data recorded for APRI and V lines in 2019.

The APRI is a maternal line founded in 2008 at the Animal Production Research Institute, Egypt (Youssef et al.,
2008). This line was founded as a synthetic line from the cross of Baladi Red bucks with V line does to get F1. After its
foundation, it was selected for litter weaning weight. The V line was established from four specialized maternal lines in
1984 into a composite synthetic line for which the method of evaluating the animals is by Best Linear Unbiased
Prediction (BLUP) under a repeatability animal model (Ragab and Baselga, 2011).

The multiparous rabbit does were serviced 12-14 days post-kindling and a pregnancy test was carried out by
abdominal palpation on day 14 after mating. Litters born were examined and recorded as a total number of born and the
number of those born alive. Litters were reared by their dams until weaning. A total of 1800 rabbits were chosen to be
weaned from a litter equalized at birth in 8 kits of 225 litters. At weaning, the young rabbits were individually identified
by a number tattooed on the ear. The first age for weaning of kids was >28 days (WAL1). The second weaning age was 28
< T > 35 days included rabbit weaned at 29, 30,31, 32, 33, 34, and 35 days of age (WA2). The third age of weaning was
35 < T > 40 days included rabbit weaned at 36, 37,38, 39, and 40 days of age (WA3). The fourth age of weaning
included rabbit weaned at 41, 42, 43 days (40<T days, WA4). At weaning, young rabbits were raised in a semi-closed
Rabbitry of commercial type wired cages with standard dimensions (60 x 50 x 35 cm, length x width x height) in
pyramid-type batteries. The kids were placed in collective cages of about 5 rabbits until 16 weeks of age.

During the post-weaning period, rabbits were fed ad libitum, with a standard commercial pellet diet and fresh
water. The diet was composed of 32% barley, 21% wheat bran, 10% soybean meal, 22% hay, 6% berseem straw, 3%
molasses, 1% limestone, 0.34% table salt, 0.3 minerals and vitamins, 0.06 methionine, and 1.3% anti-coccidian. This diet
included 16.3% crude protein, 13.2% crude fiber, 2.5% either extract, 0.6% minerals mixture. No serious health
problems were observed throughout the experiment.

Traits

Individual rabbit weights were recorded weekly. Body weight (BW,, g) was measured at 4 (BW,), 6 (BWs), 8
(BWpg), 10 (BWyg), 12 (BWy,), 14 (BWy,), and 16 (BW,¢) weeks of age, which corresponds to age at weeks 4, 6, 8, and
10 (the week of slaughter) and the periods from 12 to 16 weeks of age, respectively. Individual average daily gain
(ADGyy.p, g/d) during the study period (4-6 weeks (ADG,), 6-8 weeks (ADGgg), 8-10 weeks (ADGg.1q), 10-12 weeks
(ADG1g.1,), 12-14 weeks (ADG1;.14), 14-16 weeks (ADG14.16), overall fattening period (ADG,. 1), 6-10 week (ADGg. 1o,
after the critical period of age), 10-16 weeks (ADG1q.1¢) and 4 to 16 weeks (ADG,.1¢) Of age) were calculated.

Statistical analysis

The obtained data for the two lines were used in the analysis where univariate animal models were fitted to
estimate the genetic parameters for all traits. A total of 2231 individuals were obtained from 371 parities for the two lines
were analyzed using the following model:

Yijkimn = YSi + PO; + B(NBA)+L + LPp+ LiX LPy + €jjiamn

where,

Yijamn is @ record of growth traits, YS; denotes a fixed effect, year-season of the parity (one year season every three
months: 3 levels), PO; signifies a fixed effect, parity order of the doe (3 levels), NBA is a covariate including the number
of born alive in the litter in which the animal was born, being  the regression coefficient, L, refers to a fixed effect, line
effect (2 levels), LP,, stands for a fixed effect, lactation-length (4 levels), Lix LP,, is the effect of line-weaning age
interaction, and ejjmn is a random effect, residual of the model.
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To test the significance of the used effects in the model, factorial ANOVA was applied using the GLM procedure
of SAS 9.2 (SAS, 2012). The different levels of each effect included in the models were compared using Duncan’s
multiple range test. A probability of p < 0.05 was required for statements of significance.

RESULTS AND DISCUSSION

Table 1 shows descriptive statistics of the analyzed BW traits, including their number, mean, standard deviation, and
minimum and maximum values which take into account the entire data. The actual means of post-weaning BW are
within the ranges of the study conducted on the same lines under Egyptian (Youssef et al., 2008; Galal Galal et al.,
2013).

Means of BW traits at different weeks of ages for APRI and V lines in the current experiment are presented in
Table 2. Differences in weaning weight are economically important where the observed results showed that APRI line
was superior over V line in all BW traits during the whole period of the experiment with significant differences. The
difference in BW at 4 weeks of age was around 80 g in favor of line APRI with a significant difference because fattened
rabbits of the APRI line came from litters with the lowest number of kits born alive and the lowest number of rabbits at
weaning. Orengo et al. (2004) reported that higher BWSs at weaning were obtained when litter size at birth was lower.
Moreover, previous studies confirmed that that BW at weaning is associated with milk production (Lukefahr et al., 1983;
McNitt and Lukefahr, 1990)

Regarding BW after weaning, the BW differences were in favor of the line APRI and the difference increased with
V line after the 6 weeks of age. At the end of the fattening period (BW,), the BW was higher in the APRI line group,
compared to the V line (1706.94 vs. 1601.41). Moreover, the differences at the end of the study period reached to be
more than 100 g per animal favoring the APRI line. This could be partially attributed to the fact that the APRI rabbit
could be still affected by its foundation where theoretically containing 50% of its constituents from Egyptian strain (Red
Baldi) genes leading to a higher adaptability level to the Egyptian climatic conditions. APRI rabbits have also benefited
from the selection program, which has resulted in genetic improvements in litter weight traits. (Abou Khadiga et al.,
2010).

Table 1. Basic statistics for body weight traits at different ages, mean, standard deviation, and extreme values

Traits (9) N Mean SD Minimum Maximum
BW, 1799 472.05 + 2.65 112.78 226 991.5
BW;s 1799 793.40 +3.18 135.07 365 1531.10
BWjs 1799 1194.87 £ 3.55 150.84 605 1950.45
BWi 1799 1655.09 + 3.42 145.20 1205 2450.00
BW;, 1799 2057.86 + 3.78 160.35 1480.9 2871.85
BWi4 1720 2399.94 + 4.09 170.00 1770.9 3238.60
BWis 1693 2712.53 £ 4.26 175.49 2055 3563.90

BW: Body weight at 4, 6, 8, 10, 12, 14, 16 weeks of age. N: Number of observation, SD: Standard deviation.

Table 2. Effect of rabbit lines (APRI and V lines) on body weight at different weeks of age
Triats (9)

Lines BW. BWs BWs BWio BW;, BWi4 BWie
APRI 511.17+4.07°  838.01+4.80°  1241.04+5.06* 1706.94+4.78%  2138.62+5.12°  2497.33+5.19° 2818.19+5.12°
\% 431.55+2.79%  747.23+353°  1147.07+4.45°  1601.41+4.20° 1974.26+3.94°  2300.49+4.19°  2604.21+4.39°

BW..16: Body weight at 4,6,8,10,12,14,16 weeks of age. *%: Means within columns with no common superscript differ significantly (p < 0.05). Values
are least-squares means.

Table 3. Effect of weaning age on body weight of rabbits at different weeks of age

WA é;iats BW, BW;s BW BWao BW. BW., BWie

WAI1 471.71#6.64°  730.78+7.62%  1109.73+7.95°  1580.60+8.42°  1998.13+8.96°  2331.66+10.12° 2637.99+10.77°
WA2 467.6345.23°  767.4246.20°  1177.51+7.07°  1648.92+6.52°  2053.67+7.96°  2403.77+#8.81°  2731.20+9.28°
WA3 475.81+4.17°  821.95+452°  1220.33+5.48°  1686.09+5.07°  2072.47+5.79°  2422.1145.66°  2737.74#5.62°
WA4 473.324514°  849.12+5.44°  1264.83+5.75°  1698.36+5.89°  2101.74+ 6.47°  2434.90+6.92°  2734.81+7.02

BW.,.1: Body weight at 4,6,8,10,12,14,16 weeks of age. WA: Weaning ages 1, 2, 3, and 4 mean weaning ages at less or equal than day 28, between 29
and 35 days, between 35 and 40 days, and more than day 40 respectively. “*: Means within columns with no common superscript differ significantly (p
< 0.05).
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Table 3 shows the effects of age at weaning on BW from 4 weeks up to 16 weeks of age. The mean weights at 4
weeks of age were similar among the different weaning ages due to the experimental design. The results indicated that at
6 weeks of age, the differences in BW were economically important with significant differences. The BW of the Kits
weaned older than 35 days of age was significantly higher than those weaned before 35 days at BW16 (p > 0.05).

Moreover, the previous result continued until were increased until 8 weeks to be 98.96 g per animal and the lowest
weight achieved by the animals that were weaned early (WA1). At the end of the fattening period (BW ), the animals of
WAZ3 and WA4 were the heaviest; moreover, there were no significant differences between the rabbit of WA3 and WA4.
While rabbits of WAL were still affected by weaning age with economically relevant differences of 68.32, 105.49, and
117.76 g per animal at WA2, WA3, and WA4, respectively. The negative effects of early weaning on BW were
compensated after 8 weeks of age where the observed differences in BW decreased between kits weaned at different ages
and these differences were non-significant between the rabbits that weaned after 35 days. At 16 weeks, the only
significant differences were observed between these animals weaned at a younger age (before 30) than those weaned
after 30 days of age (at least 94 g per kit).

Similar results observed by Gallois et al. (2004) indicated the live weight of rabbits weaned at an early age
remained lower than late-weaned rabbits. Forthermore, Kovacs et al. (2012) and El-Sabrout and Aggag (2017) found
that, at market age, rabbits weaned early (<28 days) had significantly lower BW than those weaned later (35 d). In
addition, McNitt and Moody (1992) and Ferguson et al. (1997) found that kits weaned at 14 days had lower growth and
mortality than kits weaned at 28 days. Weaning early (less than 28 days) has shown a series of disorders related to the
replacement from consumption of the milk to the granulated diet, which leads to contradictory results. The early weaning
may be less problematic with the intake of solid food as Gidenne and Fortun-Lamothe (2002) found that Kits weaned at
an early age did not ingest any feed for 1 or 2 days. Xiccato et al. (2000, 2003) compared kits weaned at different ages
(21, 25, 28, and 32 days) and observed that kits weaned early (21 and 25 days) had a lower weight at 32 days (678 and
679 g, respectively) than those weaned at 28 and 32 days (704 and 719 g, respectively). Moreover, Gabr et al. (2017)
reported that the weaning of young rabbits is a complex process with many impacts of dietary, environmental, and
psychological stress, which results in inconsistent weight gain, weight loss, and possible total cessation of growth, and
even death. Similar results have recently been obtained by Gidenne and Fortun-Lamothe (2002) although with higher
mortality at the beginning of the fattening period (32 to 45 days) for the kits weaned early despite using a specific
weaning diet (17.2 and 9.2% mortality for rabbits weaned at 23 and 32 days, respectively). Furthermore, late weaning
has the advantage of reduced stress in young rabbits (Marongiu and Gulinati, 2008) because this stress could create some
serious health problems within the young rabbits whose gut microbiota is still undeveloped. With increasing age, the gut
microbe population increases continuously (Bennegadi et al., 2003). The obtained results of a study conducted by Gallois
et al. (2007) showed the protective effect of milk intake in the young rabbit challenged with diseases of the intestine
which are frequently seen during the post-weaning period.

As can be seen in Table 4, Genotype x weaning age interaction is analyzed regarding BW of the different ages.
There are clear indications for Genotype x weaning age interactions for BW at the end of the fattening period (BW ) as
well as the consecutive BWSs. The superior BWSs in APRI were achieved when the weaning was carried out after 30 days
while the higher weight for the V line was when the weaning age was after 35 days. So, as these results illustrate, the
rabbit breeder should wean the young rabbits of V line at late ages (at least 35 days of age) to obtain the highest levels of
weight under Egyptian conditions and the those in APRI line could be weaned after 30 days of age.

Table 4. Effect of rabbit lines (APRI and V lines) and weaning ages on body weight during the fattening period

Strain | WA BW, BW, BW, TrEI'a;\Ntsﬂfg) BW,, BW,, BWie
WAL  509.28+10.97%° 780.07+11.94% 1172.84%12.11° 1646.37x12.13" 2090.09+12.45% 2454.59+12.45° 2779.22+12.30°
APR WA?2  505.88+7.30°  821.10+9.57° 1234.69+10.24°  1713.38+8.99°  2154.00+10.36° 2532.86+10.78° 2865.32+11.13°
WA3 518744558  850.0246.51°  1247.5047.24°  1730.50£6.30°  2124.33+8.40°  2470.91#8.23°  2797.58+7.17°
WA4  511.22+8.19°  898.21+8.06°  1305.02+8.41°  1733.93+9.08°  2181.35+8.46°  2526.48+8.56  2827.16+8.80°
WAL  43051#5.77°  676.75+7.50"  1040.53+7.43°  1508.49+9.21°  1897.30+8.25%  2191.94#8.17"  2478.038.19°
' WA2  428.08+6.60°  711.924595°  1118.39+#8.12%  1582.27+7.27°  1949.94+7.63"  2274.67+7.01°  2597.69+7.76'
vine WA3  433.08x4.71°  794.00£5.72°  1193.28+7.83°  1641.88x6.76°  2020.84%6.32°  2374.21£6.26°  2677.90+6.47°
WA4  43457+#4.99°  798.95+5.60°  1223.76+6.86°  1662.0246.66°  2020.37+6.22°  2344.56+6.61°  2643.31+6.49°

BW.,.16: Body weight at 4,6,8,10,12,14,16 weeks of age. WA: Weaning ages 1, 2, 3, and 4 mean weaning ages at less or equal than day 28, between 29
and 35 days, between 35 and 40 days, and more than day 40 respectively. % Means within columns with no common superscript differ significantly (p
< 0.05). Values are least-squares means.
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It seems that rabbits in the V line are affected by weaning age more than those in the APRI line where the
differences between WAL and WA4 in V and APRI lines were 153.53 and 87.56, respectively. Later weaning is better
for the kits of V line, compared to other lines, such as Spanish ones, since less milk is produced (El Nagar et al., 2014).
Moreover, El-Sabrout and Aggag (2017) found that rabbits from the V line weaned later (at 33 days) had significantly
higher BW at 63 days (market age) than rabbits weaned earlier (at 23 and 28 d of age). Identical results were found by
Marongiu and Gulinati (2008) when they compared different rabbit genotypes and found that rabbits of California were
heavier than New Zealand White ones at the same weaning age which suggested an interactive effect of genotype with
weaning age. At the end of the study period, there was a clear line-weaning age interaction where the rabbits of APRI
line in WA2 were the heaviest while the heaviest rabbits of V line were at WAS3.

The statistical results for average daily gain traits are shown in Table 5. The phenotypic means of ADG (g/d)
during the fattening period (until 10 weeks) and the rest of the study period for the different lines are presented in Table
6. It should be noted that in the whole fattening period (ADG,.10), the ADG values at the initial period (4-6 weeks) were
lower than the rest of the fattening period and after the 6 weeks of age while the ADG increased to achieve the maximum
growth rate during the period from 8-10 weeks of age. Line APRI was growing faster for the whole fattening period (4-
10 wk) with respect to the V line (28.47 versus 27.85). Regarding the ADG after the fattening period, APRI lines
significantly gained higher weights per day than V line in whole the period (10-16 weeks) (2.26 g/day per rabbit).
Moreover, during the entire period from 4 to 16 weeks of age, the observed difference was 1.49 g/d favoring the APRI
line.

The obtained results of weaning age effects on ADG traits can be observed in Table 7. The pattern of weaning age
effects in the first 2 weeks of growth was different from the pattern for the whole period. The ADG,¢ Vvalues in all
weaning ages were lower than the rest of the whole period. For the whole fattening period (4 -10 weeks), a negative
effect of early weaning was significant when the weaned rabbits after 28 d of age had a higher daily gain than rabbits
weaned at 28 d to be at least 1.72 g/d per rabbit. At the end of the fattening period (ADGg.10), the inverse situation was
found where the differences in favor of rabbits weaned at late age were compensated, and finally, ADGg 1, for WAL was
the highest.

Considering the weaning age, it is better to wean the rabbit after 35 days under Egyptian conditions, and the
weaning age of 28 days is not recommended in such a condition. After the fattening period, the ADG values were
similar. Although these differences were statistically significant, these values did not exceed 0.5 g/d in WAL, WAS3, and
WA4. The lowest growth rate was in rabbits weaned late and the highest ADG was reported in rabbits in WA2.
Similarly, Cesari et al. (2007) and Kovécs et al. (2012) observed that the growth of rabbits weaned later was higher than
those weaned early

Table 8 shows the line-weaning age interaction effects on ADG during the studied period. The V line seems to be
more affected by weaning age than the APRI line. The line APRI had a 7.53% increased daily gain in late weaned rabbits
than early weaning while the V line was affected by 13.87%. After 6 weeks of age, the ADG values in WAL, WA2, and
WA3 were higher than ADG in WAA4. In contrast, line V had the lowest ADG after 6 weeks of age, being significant
among early weaning periods (WA1, WA2, and WAS3). The highest values were obtained in WA2 and WAS3 for the
APRI line while for the V line the highest values were for WA3 and WA4. Also, the effect of WA on ADG in V line was
more significant than that in APRI line from 4 to 16 weeks.

Table 5. Basic statistics for average daily gain traits of rabbits at different ages

Traits (9) N Mean SD Minimum Maximum
ADG, 1799 22.95+0.13 5.93 1.20 46.07
ADGg g 1798 28.68 £ 0.08 3.43 2.49 45.28
ADGg 19 1799 32.87£0.12 5.47 10.28 43.71
ADG;y.12 1794 28.87 +0.11 4.98 16 42.50
ADG,.14 1715 24.40 +0.06 2.67 4.28 40.28
ADG .16 1692 22.30 +0.06 2.47 10 40.35
ADGg 19 1799 30.77 £ 0.06 2.66 13.74 48.14
ADG, 19 1799 28.16 £ 0.05 2.40 15.75 36.11
ADG .16 1692 25.05 +0.04 2.00 11.42 34.04
ADGy 15 1692 26.63 £0.03 1.45 19.24 31.76

*ADG: Average daily gain (g/d), N: Number of observation, SD: Standard deviation.

253
LCRICRGISYeETEIH Ragab M, Mostfa SMM, El-Kholy K.H., Radwan LM, El-Shafie A, and El-Ratel IT (2021). Effects of Genotype and Weaning Age Interaction on Growth
Traits in Rabbits. World Vet. J., 11 (2): 249-256.



Table 6. Effect of rabbit lines (APRI and V lines) on average daily gain traits between different ages

Triats ADG4 ADGgg ADGg.10 ADG,.10 ADGg.10 ADGj0.12 ADG.14 ADG4.16 ADG10.16 ADG,.16
Lines (g/d) (9/d) (g/d) (9/d) (9/d) (9/d) (9/d) (9/d) (9/d) (9/d)
APRI 23.34+0.16% 28.79+0.08% 33.27+0.14% 28.47+0.05% 31.03+ 0.06° fg'iga 25.52+ 0.06° 22.81+0.09° 26.17+0.04° 27.36+0.92°
\% 22.54%0.22° 2855+ 0.14° 32.45+0.21° 27.85+0.09° 30.50+0.10° 26.69+ 0.16° 23.26 +£0.10° 21.78+0.06° 23,91+ 0.06° 25,87+ 0.50°
ADG: Average daily gain (g/d).*™ Means within columns with no common superscript differ significantly (p < 0.05). Values are least-squares means.
Table 7. Effect of weaning age on average daily gain traits between different ages.
Traits ADGA.G ADGG_g ADGg.lo ADG4.1() ADGB.l() ADG10.12 ADG12.14 ADG14_15 ADGlO-lG ADG4.15
WA (g/d) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d)
WAL 18.50+ 0.27¢ 27.08+0.17° 33.63+0.23° 26.40+ 0.13° 30.35+0.15° 29.82+0.25° 23.41+0. 14° 21.64+0.08° 25.05+ 0.12° 25.80+ 0.08°
WA2 21.41+0.27° 29.29+ 0.15% 33.67+0.18° 28.12+0.11° 31.48+0.09° 28.91+0.19° 24.72+0.14° 23.12+0.11° 25.62+ 0.10° 26.89+ 0.08°
WA3 24.72 28.45 33.26 28.81 30.86 28.02 24.93 22.48 25.01 26.91
+0.20° +0.15° +0.33° +0.06° +0.13° +0.24° +0.05° +0.16 +0.08" +0.04°
WAL 26.84 29.69 30.96 29.1 30.33 28.81 24.43 21.87 24,51 26.81
+0.18° +0.14° +0.24° +0.08 +0.11° +0.23° +0.12° +0.07° +0.06° +0.04°

ADG: Average daily gain (g/d). WA: Weaning ages 1, 2, 3, and 4 mean weaning at less or equal day 28, between 29 and 35 days, between 35 and 40 days and more than 40 days respectively.
superscript differ significantly (p < 0.05). Values are least-squares means.

Table 8. Effects of rabbit lines (APRI and V lines) and weaning ages on average daily gain traits between different ages

0. Means within columns with no common

Traits
Lines WA ADG ¢ ADGg g ADGg 10 ADG,.10 ADGg 10 ADG0.12 ADG;.14 ADG 4.1 ADG.16 ADG .16
(g/d) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d)
WAL 19.34+ 0.21° 28.09+ 0.11¢ 33.82+0.13% 27.07+ 0.08¢ 30.93+0.07° 31.69+0.12° 25.81+ 0.06° 22.89+ 0.06° 26.85+ 0.04° 27.02+0.03°
WA2 22.51+ 0.30¢ 29.54+ 0.15° 34.19+ 0.29% 28.75+ 0.10° 31.86+0.13% 31.47+0.23 26.44+ 0.15% 23.26+ 0.16° 27.16+ 0.10° 27.99+ 0.07%
APRI WA3 23.66+ 0.20° 28.39+ 0.20¢ 34.50+ 0.34* 28.85+ 0.08* 31.44+ 0.10° 28.72+ 0.35° 24.86+ 0.09¢ 23.31+ 0.31% 25.40+ 0.08° 27.10+ 0.05°
WAL 27.64 29.05 30.63 29.11 29.84 31.95 24.92 21.77 25.25 27.30
+0.28° +0.16™ +0.24¢ +0.12%® +0.13% +0.22° +0.10° +0.07° +0.06° +0.05°
WAL 17.58 25. 98 33.42 25.66 29.70 27.77 20.67 20.22 23.00 24.42
+0.519 +0.31° +0.46° +0.25° +0.30° +047° +0.13f +0.08° +0.17¢ +0.119
WA 20.27 29.03 33.13 27.48 31.08 26.26 22.99 22.99 24.08 25.80
V-Line +0.44° +0.26™ +0.20° +0.19° +0.13% +0.20¢ +0.17° +0.15% +0.08° +0.10°
WA3 25.78 28.51 32.04 28.78 30.28 27.33 25.01 21.64 24.62 26.71
+0.33° +0.23% +0.56° +0.10° +0.24 +0.34° +0.14° +0.06 +0.13¢ +0.06¢
WAL 26.02 30.34 31.30 29.22 30.82 25.59 23.96 21.96 23.79 26.33
+0.24° +0.23° +0.41% +0.10% +0.16° +0.29¢ +0.21¢ +0.12° +0.08" +0.04°

ADG: Average daily gain (g/d). WA: Weaning ages 1, 2, 3, and 4 mean weaning at less or equal than day 28, between 29 and 35 days, between 35 and 40 days and more than 40 days respectively. *9: Means within columns with no
common superscript differ significantly (p = 0.05). Values are least-squares means.
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CONCLUSIONS

Considering Egyptian conditions, the early weaning had negative effects on growth traits during the fattening period, but
these negative effects were compensated after 8 weeks of age. Early weaning (before 28 d) is not recommended for
Egyptian rabbits. Clear indications of Genotype x weaning age (GxWA) interactions were observed for growth traits
where V line is affected by weaning age than the APRI line. It is recommended to wean the young rabbit of APRI
between 29-35 days while in V line is recommended the weaning age after 35 days. However, comparison studies
between APRI line and V line about weaning age and its effect on the incidences of pathology are required.
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ABSTRACT

A total number of 192 male one-day-old broilers chickens were randomly divided into four treatment groups of 48
chickens. Chickens of group one fed a plain diet without any supplement (control), while the diets ib groups two,
three, and four were supplemented with Whole Yeast (WY, Saccharomyces cerevisiae, 0.1%), Yeast Cell Wall
(YCW, 0.3 %), and Yeast Extract (YE, 0.07 %), respectively. At the end of the experimental period (35 days), the
bodyweight of chickens and the feed intake of each cage were measured, and then the feed conversation ratio was
calculated. Blood samples were also collected to measure the serum components and relative spleen, bursa of
Fabricius, and thymus gland. The results obtained indicated that all productive performance parameters improved in
response to the feeding supplementation. Blood parameters indicated that the treated groups had a significantly
higher level of serum total protein and albumin as well as significantly lower serum total lipids and cholesterol. The
enzyme activities of ALT, AST, and ALP were significantly reduced by WY, YCW, and YE supplementation. The
relative organ weights of the spleen, bursa of Fabricius, and thymus increased significantly in broilers fed with WY,
YCW, and YE, and the highest values were observed in the chickens fed with WY. It can be demonstrated that the
supplementation of WY or its derivatives in the diet of broiler chickens improves the production performance as
well as the physiological and immunological parameters, and consequently produce a healthier chicken.

Keywords: Broilers, Immunity, Yeast, Yeast cell wall, Yeast extract
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INTRODUCTION

The use of antibiotics as growth promoters was completely banned in 1999 by the European Union (EU). This was due
to increases in microbial resistance to antibiotics and residues in chicken meat products which might be harmful to
consumers (Koc et al., 2010). Numerous Natural Growth Promoters are used or have been proposed as agents to suppress
pathogens or to improve growth and feed conversion, including predominantly organic acids, probiotics, prebiotics,
synbiotics, phytogenic, feed enzymes, and immune stimulants (Jaiswal et al., 2017). Probiotics is a live microbial feed
supplement that benefits the host animal by enhancing its microbial intestinal balance (Gibson et al., 2017). Probiotics
have a major effect on the efficiency of the broiler, such as intestinal microflora modification, pathogen inhibition,
intestinal histological changes, immunomodulation, certain haemato-biochemical parameters, sensory characteristics of
dressed broilers improving (Kabir, 2009).

The prebiotic is a carbohydrate derived from Yeast Cell Walls (YCW) that can block the proliferation of
pathogenic bacteria and stimulate the non-specific immune system, thereby improving birds' health and growth
efficiency (Gibson et al., 2017). Yeast Extract (YE) is a source of protein extracted from the live yeast's cell material.
High levels of nucleotides, inositol, and glutamic acid (Zarei et al., 2016). Nucleotides, especially in infant diets, are
traditionally used in human diets; they favor the development of the gastrointestinal tract and immune functions and
preserve the gut flora (Alizadeh et al., 2016).

The objective of the present study was to investigate the effect of Whole Yeast (WY, Saccharomyces cerevisiae),
YCW, and YE on the improvement of production performance and the immune response in commercial broiler
chickens.

MATERIALS AND METHODS

Ethical approval
The present study was conducted in Poultry Research Unit, Biological Application Department, Radioisotopes
Applications Division, in the Inshas area, the Nuclear Research Center, Egyptian Atomic Energy Authority October to
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December 2017. The experimental protocols were approved and carried out according to the ordinance and guidelines of
the Ethics Committee of Cairo University for the Care and Use of Experimental Animals in Education and Scientific.

Animals and housing

One day-old male Cobb 500 broiler chicken (n=192) were used in the present study. The test period extended from
one day of age up to slaughter (35 days). The chickens were allotted into four equal groups, each consisting of 48
chickens, and assigned into four equal replicates of 12 chickens. All groups ran from one day of the set to 35 days of age
simultaneously. Chickens in group one fed on a plain diet without any supplementation (control), while the diets of
groups 2, 3, and 4 were supplemented with WY (0.1%), (YCW) (0.3 %), and YE (0.07 %), respectively.

Diets

Chickens fed ad libitum a commercial starter diet (23% crude protein and 3000 kcal ME/kg diet) during the first
week of age, a commercial grower diet (22% crude protein and 3150 kcal ME/kg diet) from two to four weeks of age,
and then commercial finisher diet (19% crude protein and 3200 kcal ME/kg diet) until the end of the experiment. The
chickens had free access to water. The diet compositions are indicated in Table 1, while the vaccination program is
shown in Table 2.

Probiotics and prebiotics

Viable yeast contains 10 billion live yeast cells (Saccharomyces cerevisiae) per gram that are used as a probiotic.
As shown in Table 3, yeast cell walls, extracted from Saccharomyces cerevisiae and used as a prebiotic, are rich in
manno-oligosaccharides and beta-glucans (Kwiatkowski et al., 2009). Yeast extract which is considered as a protein
source derived from the cell content of live yeast and has high nucleotide, inositol, and glutamic acid levels used as
another source for the prebiotics.

Measurements

Production performance

The body weight (BW) of the chickens and the feed intake of each cage were measured at the end of the
experimental duration (35 days), and then the Feed Conversation Ratio (FCR) was estimated. After slaughtering the
weight of the spleen, bursa, and thymus were individually recorded and presented as a percentage of living body weight.

Blood biochemical assay

Fasted blood samples were collected were obtained by cervical cutting from four birds per pen (n=16). Blood
samples were centrifuged rapidly at 4000 rounds per minute (rpm) for 15 minutes. The serum was separated and stored
in a freezer at -20°C until the biochemical analysis. Total Protein (TP) and Albumin were determined calorimetrically,
however, Globulin was calculated by subtracting serum albumin from total serum protein. Aspartate Aminotransferase
(AST) and Alanine Transaminase (ALT) activities were colorimetrically determined (Bergmeyer et al.,1978), where
alkaline phosphatase (ALP) activities were assayed using commercial kits (Bio-Merieux Co. Marcy. L. Eoile
chorbonnieres, France). Total cholesterol and Total Lipids (TL) were determined according to Pesce and Bodourian
(1976).

Immunological measurements

Haemagglutination test against sheep red blood cells

At 21 days of age, four chickens from each group were randomly selected and housed in separated cages. Sheep
Red Blood Cells (SRBC) were collected from three egyption sheep using a hparenized syringe and washed three times
using phosphate buffer saline (PBS). The saline was discarded and SRBC sample were diluted with normal saline
solution to form a concentrate of 5% SRBC that was used immediately for injection. Each chicken was intravenously
primary injected with 0.5 ml of 5 % SRBC suspension in the right or left brachial vein. Blood samples were collected
from the brachial vein of each bird at four, seven, and 10 days after the primary injection to detect the primary antibodies
titer according to the method described by Wegman and Smithies (1966).

Haemaggluttination inhibition test against newcastle disease virus

At 28 days of age, five chickens from each experimental group were randomly chosen and blood samples were
collected from the brachial vein of each chicken at three, seven, and ten days post-vaccination. The Haemagglutination
Inhibition (HI) antibody titer against Newcastle Disease Virus (NDV) was determined by the HI test according to the
method proposed by Majiyagbe and Hitchner (1977).

Statistical analysis
The data obtained were statistically analyzed on a one-way design basis using the SAS® software statistical
analysis program (SAS, 2001). The significant differences between the four treatment groups (Control, WY, YCW, and
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YE) for all parameters were analyzed by Duncan’s multiple range test. The significance level was set at p < 0.05. The
results are expressed as Least Square Means (LSM) + SEM.

Table 1. Composition of the three-phase broilers diet and its calculated chemical composition (on as fed basis)

Ingredients Starter (kg) Grower (kg) Finisher (kg)
Yellow corn 524.5 544.2 628.5
Soybean meal 44% 3324 299.1 221.1
Corn gluten meal 60% 70 70 66.5
Oil 30 438 40
Di-calcium phosphate 18 18 18
Lime stone 13 13 13
D.L. Methionine 22 21 23
Lysine hydrochloride 2.9 2.8 3.6
Sodium chloride 4 4 4
Premix* 3 3 3
Calculated analysis

Crude protein (%) 23.0 22.0 19.0
Metabolizable energy (kcal/kg) 3000 3150 3200

*Each gram of mineral mixture contained: vitamin A (transretinyl acetate) 9,000 IU; vitamin D3 (cholecalciferol) 2,600 1U; vitamin E (dl-a-tocopheryl
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; 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 (Na2SeO3) 0.3 mg.

Table 2. Vaccination program of broiler chickens in Poultry Research Unit, Egyptian Atomic Energy Authority

Age (days) Vaccines Method used

8 IB + MAS5 vaccine Eye drop

10 Newcastle disease + H5N2 (oil killed vaccines) 0.5 cm Subcutaneously into the lower back part of the neck
14 Infection bursal disease (Gumboro) Eye drop

19 Newcastle disease vaccine (clone 30) Drinking water

Table 3. The components of yeast cell wall

Component Cell wall mass (%, dry weight)
(1—3)-p-D-glucan 50-55
(1—6)-p-D-glucan 5-10
(1—4)-0-(1—3)-B-D-glucan 3-7

* Mannoprotein complex 35-40

Chitin 2

RESULTS AND DISCUSSION

Production performance

The improvement in broilers’ productive performance affected by dietary WY, YCW, and YE supplementation is
shown in Table 4. The WY group harvested the highest BW, body weight gain, and feed intake as well as the best FCR,
followed by those fed 0.07 % YE, and 0.03 % YCW. The control group, on the other hand, had inferior values. Koc et al.
(2010), who indicated that the addition of Saccharomyces cerevisiae at 0.2 percent increased the broiler chickens' weight
gain and feed intake, agreed with the results obtained in broiler chickens, the beneficial effects of YC on efficiency have
also been shown (Zhang et al., 2005). However, other studies reported that yeast products did not affect the production
performance in turkeys (Bradley and Savage, 1995). Differences in animal response can be correlated with differences in
the formulations of product. Yeast products are categorized as active dried yeast, live YC, or fermented YC
interchangeably, rendering comparisons between studies difficult.

Blood biochemical assays

The current results explained that the WY group had the significantly highest total protein concentration while the
control group had the lowest. However, the total globulin of treated groups did not differ from one another but was
significantly higher, compared to the control group (Table 5). This finding is in agreement with Abou EI- Naga (2012),
who found a significantly higher total serum protein and serum albumin in the WY group than the control group.

The enzyme activities of ALT, AST, and ALP were significantly reduced by WY, YCW, and YE supplementation
(p < 0.05, Table 5). The lowest values for ALT and ALP were observed in chickens fed a diet with WY, followed by
those fed YE and YCW. However, the lowest values of AST were recorded in chickens fed a diet with yeast, followed
by those fed YCW and then YE. These results agreed with Nikpiran et al. (2013), who showed that the activity of ALP
in males depressed by probiotic (yeast) consumption (p < 0.05). The present results indicated that the WY group had a
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significantly (p < 0.05) lower total serum cholesterol, whereas the control group had the significantly highest value
(Table 5). The YCW and YE groups, on the other hand, had almost identical values and were in the center, slightly
different from the other two groups.

The results also revealed that the total serum lipids concentration of the WY group was the lowest while the
control group had the highest value and was significantly different from the WY and YE groups. Similar observations
were recorded by Abou El- Naga (2012). Fukushima and Nakano, (1995) indicating that probiotic microorganisms were
known to inhibit hydroxymethylglutaryl coenzyme A, an enzyme that is involved in the cholesterol synthesis pathway,
thereby decreasing cholesterol synthesis.

Immunological parameters

The data presented in Table 6 indicate that the spleen, bursa, and thymus weights in broiler chickens that were fed
either WY, YCW, or YE diets were significantly higher, compared to the control group (p < 0.05). Abou-Zeid et al.
(2019) found that the relative weights of bursa of fabricius and thymus were significantly (P<0.05) improved in groups
fed 2g yeast containing diet and they found that in conclusion, yeast (Saccharomyces cerevisiae) could be safely used in
broiler feeding as natural feed additives at 2g /kg feed with superior effects on their productive and immune response.

Antibody titer

The findings in Table 6 also showed that on post-immunization days, either WY, YCW, or YE were almost the
highest antibody titers against SRBCs and NDV. The present findings were in line with those studies by Yal¢in et al.
(2010), who found that in laying hens fed diets containing 2, 3, or 4 g/kg of yeast autolysate had a higher antibody titer.
Furthermore, Mohiti-Asli et al. (2007) stated that laying hens with multi-strain probiotic supplementation and yeast
supplementation had a greater immune response than the control group.

These indicators relating to the weight of the lymphoid organs and the humoral immune response reflect the
immunologic system status of broilers. The bursa of Fabricius is the primary site of B-cell development in chickens
(Ratcliffe, 2006). In accordance with the findings of the present research, Gheisari and Kholeghipour (2006) observed a
significant increase in relative bursa weight in broilers fed a diet containing yeast powder, compared to other treatments.
Moreover, Wang et al. (2017) reported that KM (yeast: Kluyveromyces marxianus) had a positive effect on the broiler’s
immune organs.

Macrophages have receptors (CR3) for B1, 3/1, 6 branched glucans. By recognizing specific sugars found in
glycoproteins of the epithelial surface, prebiotics would bind to macrophage reception sites, causing a cascading reaction
that would activate macrophages and release cytokines, thus triggering the immune response acquired and causing
higher antibody responses to antigens (Bohn and BeMiller, 1995). Following that, innate and acquired responses are
increased by T immune lymphocyte proliferation (Swiatkiewicz et al., 2014). These results might be used as an indicator
of the good health status of chickens fed dietary yeast or its derivatives supplementations.

Table 5. Effect of whole yeast, cell wall, or extract supplementations on some blood serum parameters of broiler
chickens (mean + standard error).

Treatments Control WY YCW YE p Value
Total protein (g / dL) 3.75+0.043° 427 £0.037° 3.98+0.038°¢ 4.10 +0.122° 0.0001
Total albumin (g / dL) 1.78 £0.025 ¢ 2.01+0.1732 1.82 +0.041 ™ 1.88 +0.038" 0.001
Total globulin (g / dL) 1.97 +0.065" 2.26 +0.024° 2.16 +0.018° 2.22 +0.043° 0.002
ALT (In/ L) 131.75 + 0.66° 124.33 +1.55° 127.45 +1.23° 126.31 +1.07° 0.005
AST (In/L) 121.15 +0.88° 110.33 +0.35° 119.37 +0.79° 120.49 + 1.24° 0.0001
ALP (In/L) 308.22 + 2.72° 283.89 + 3.53° 297.42 +3.03° 286.00 + 3.41° 0.001
Total lipids, (mg /dI) 634.87 +15.25%°  452.03+6.81°  478.88+20.32®  510.28 +3.22° 0.0001
Total cholesterol, (mg /dl) 156.43 + 2.86° 135.37 +1.72° 144.28 +1.65° 148.58 +1.15° 0.0001

ab.¢: The mean values, which are followed by different superscripts, within trait within age are significantly different (P<0.05).

Table 4. Effect of whole yeast, cell wall, or extract supplementations on broiler performance at 35 days of age (mean +
standard error).

Treatments Control WY YCW YE p Value
Initial body weight (1 day) (g) 52.87 +0.48 53.19 +0.52 53.08 +0.45 53.15 + 0.42 0.9618
Final Body weight (35) (g) 1769.10 + 6.26°  1991.08 +23.42°  1838.791+18.56°  1928.10 + 17.26" 0.0001
Body weight gain (1-35 day) (g) 1716.24 +6.40°  1937.89 +2358°  1785.71+18.58°  1874.95+17.42°  0.0001
Feed intake (1- 35) (9) 2883.66 + 4.50° 2972.41 + 17.52° 2913.31 + 9.33™ 2935.29 + 2.62° 0.0001
Feed conversion ratio (1- 35) (g/9) 1.68 +0.007° 1.53 £0.028° 1.63 +0.032% 1.57 +0.012" 0.003

b0 The mean values, which are followed by different superscripts, within the age characteristic between treatments, are significantly different (p <
0.05). Where WY is whole yeast, YCW is weast cell wall and YE is yeast extract.

260
El-Manawey MA, Yousif EY, Abo-Taleb AM and Atta AM (2021). The Effect of Dietary Inclusion of Whole Yeast, Extract, and Cell Wall on Production
Performance and Some Immunological Parameters of Broiler Chickens. World Vet. J., 11 (2): 257-262.



Table 6. Effect of whole yeast, cell wall, or extract supplementations on immunological parameters of broiler chickens

Treatments Control WY YCW YE P Value
Spleen 0.1203+0.0029¢  0.1988 +0.0052%  0.1390 +0.0012°  0.1602 +0.0077°  0.0001
Bursa 0.0601 +0.0325¢%  0.1146 +0.0525%  0.0730+0.0128°  0.0932+0.0463°  0.0001
Thymus 0.2730+0.0187°  0.6106 +0.0354%  0.3885+0.0141° 0.4198+0.0386°  0.0001
HA titer against SRBCs (days post-immunization)

3 403+0.125° 6.20 +£0.1632 5.60 + 0.248 ® 5.48 +0.309 ° 0.0001
7 6.88+0.14 ¢ 9.23+0.20° 8.73+0.30° 7.73+0.36° 0.0001
10 4.28+0.18° 5.45+0.20 % 4.38+0.13° 473+0.30°" 0.008
HI titer against NDV (days post-immunization)

3 3.90+0.14°¢ 6.95 +0.38 2 5.90+0.19° 5.63+0.18° 0.0001
7 5.88+0.18 ¢ 8.50 +0.27 ¢ 7.58+0.25° 7.35+0.12° 0.0001
10 520+0.11°¢ 8.25+0.34 2 7.08+0.27° 6.60 +0.21° 0.0001

*Means followed by different superscripts, between treatments, within trait within age are significantly different (p < 0.05). Where WY is whole yeast,
YCW is weast cell wall, YE is yeast extract, HA is haemagglutination, SRBBCs is sheep red blood cells, H1 is haemagglutination inhibition and NDV
is Newcastle disease virus.

CONCLUSION

It can be demonstrated that the supplementation of whole yeast at 0.1 percent or yeast cell wall at 0.03 percent and yeast
extract at 0.07 percent increased the broiler chickens’ body weight and feed conversion. Also, the inclusion of 0.1 whole
yeast or its drevatives improved the immunological parameters, such as the antibody titer and immunological organ
weights.
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ABSTRACT

The Patin catfish (Pangasius sp.) is a species of fish that is widely cultivated both in quarantine and in ponds. The
success of Patin catfish cultivation is influenced by several factors, one of them is the feed. Patin catfish need
essential amino acids to meet their needs. The addition of the amino acid (lysine) in the commercial feed not only
affects the metabolism of the fish but also the content of Omega-3 and Omega-6 would be found in the fish. This
study was conducted to observe the influences of essential lysine on the content of Omega-3 and Omega-6 of Patin
catfish. This was an experimental study with a completely randomized design method, consisting of four treatments
and five replications. The treatment which was given to experimental fish was commercial feed with the addition of
lysine at different doses. The result indicated that the addition of lysine in commercial feed for 30 days of this
research had a significant effect (p < 0.05) on the increase in the content of Omega-3 and Omega-6 in Patin catfish
meat (Pangasius sp.). Based on the results of the current study, Patin catfish can be a good source of Omega-3 and
omega 6 if the feed that is used in the cultivation process, contains lysine as an amino acid source.

T20z aung T0 :paidsddy
1202 ABIN 70 :panIaday

NOILVOINNWINOD LHOHS

Keywords: Cultivation, Lysine, Omega-3, Omega-6, Pangasius sp.
INTRODUCTION

The Patin catfish’s need for essential amino acids is an important factor to be fulfilled in order to increase the Catfish
quality. Essential amino acids are those amino acids that cannot be synthesized by animals or plants to generate
maximum growth (Tom, 1998). The addition of essential amino acids to the commercial fish feed and how it affects the
Patin catfish Omega-3 and Omega-6 content are interesting things to be explored and studied further.

The high consumption level of Patin catfish which is with the Latin name of Pangasius sp. Has become an
interesting object to be observed. Among the many types of freshwater fish, Patin catfish is a fish with the highest level
of proteins, with nutritional content of 16.08% protein, about 5.75% fat content, 1.5% carbohydrate, 0.97% ash, and
75.7% water (Almunadi et al., 2001). When compared with the fat content of other freshwater fish such as Snakehead
fish and Goldfish, Patin catfish has a higher fat content. Patin catfish have the potential to meet the food and nutrition
needs of the community. The production of Patin catfish in Indonesia has increased from 2010 to 2013, which was
147,890 tons in 2010 and reached 972,779 tons in 2013 (Almunadi et al., 2001).

This increase in production raises the question of how the quality of the Patin catfish was produced by farmers. In
this case, the quality of the content of Omega-3 and Omega-6 in Patin catfish which is widely consumed by the
community has become an interesting factor to be discussed further. Omega-3 and Omega-6 belong to the group of
essential fatty acids. Omega-3 has derivatives from ALA (a-Linolenic Acid), EPA (Eicosapentaenoic Acid), and DHA
(Docosahexaenoic Acid). While Omega-6 is derived from LA (Linolenic Acid), and ARA (Arachidonic Acid, Panagan et
al., 2012). Omega3 and Omega-6 which are contained in Patin catfish are influenced by the cultivation process itself, one
of them is feeding (Oktavianawati et al., 2016).

Patin catfish need essential amino acids in their feed to meet their needs. One of the essential amino acids is lysine.
The role of lysine is important in metabolism because lysine is used for protein synthesis as well as compiling other
important components used for metabolism. Lysine is one of the essential amino acids needed by Patin catfish which
plays a role in growth (Millamena et al., 2019). Lysine can increase fish growth because it can improve the balance of
utilization of other amino acids (Alam et al., 2005). Therefore, research on the effect of the addition of essential amino
acids like lysine in commercial feed with considering the content of Omega-3 and Omega-6 (essential fatty acids that
have derived from Linoleic Acid (LA)) in Catfish needs to be done.

MATERIALS AND METHODS

Ethical approval
The present study was conducted at the Faculty of Fisheries and Marine, Universitas Airlangga, Surabaya,
Indonesia in 2019. The current study was carried out in correspondence with the research principles based on basic
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principles of ethics of respect, beneficence, non-maleficence, and justice. All experimental protocols and procedures
were approved by the Institutional Animal Care of Indonesia

Experimental fish

The experimental animals used in the study were Patin catfish with a size of 6-8 cm per head. The Patin catfish
were randomly allotted to four treatment groups with five replicates per treatment, and 10 Patin catfish per replicate (n =
200).

Experimental feed
The feed which used in the current research was pellet-shaped. The essential amino acid which was lysine and
tapioca flour were used as binders.

Experimental equipment

The equipment used in the study included 20 pieces of the aquarium in 30x30x40 cm size, aerator resun air pump
LP-40, aeration hose, siphon hose, 20 pieces of the air stone, plastic bag, litmus paper to measure pH, thermometer, DO
meter, ammonia test kit, digital scales, tubular fiber for water reservoirs, ruler or caliper, stationery, fecal container
bottles and feed scraps, basins, buckets, and fishnet.

Experimental parameters

The current experimental study aimed to determine the effect of certain parameters on groups of fish under
controlled conditions. The experimental parameters in this study included independent parameters of lysine doses in the
feed as 0% (P0), 1.2% (P1), 2.2% (P2), and 3.2% (P3). The dependent parameters in this study were the content of
Omega-3 and omega-6. Finally, the controlled parameters entailed experimental fish in this study in the size of 6-8 cm
per head.

Measurement of Omega-6 and Omega-3 content

Omega-6 and Omega-3 content can be defined as the sum of eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA). The standard technique used for fatty acid analysis and quantification has been gas chromatography (GC)
with flame ionization detection (Nazari et al., 2008).

Supporting experimental parameters

The supporting parameters of the study were water quality management parameters which included pH,
temperature, DO, and ammonia. Temperature and DO measurements were performed every day while ammonia was
measured once every seven days.

Data analysis

The data were statistically analyzed using analysis of Variance (ANOVA 8.). ANOVA is a useful statistical model
that simultaneously tests differences between means in more than two conditions (Boisgontier and Cheval, 2016). If
significant results were obtained, the calculation would be continued with Duncan’s Multiple Range Test with the
accuracy of 5%, to provide a significance level for the difference between the mean value of each pair (Salkind, 2010).

RESULTS AND DISCUSSION

Based on the results from the current study, it was found that the Omega-3 content of catfish (Pangasius sp.) ranged
from 1,145 to 2,076% and Linoleic Acid (LA) (Omega-6) ranged from 13.821% to 22.149%. Calculation of the content
of Omega-3 and LA (Omega-6) has been presented in table 1.

The results of statistical analysis on Omega-3 content indicated a significant difference (p < 0.05) between
treatment groups. The lowest Omega-3 content in treatment was in P3 (1.145%), while Omega-3 content in treatment PO
(1.814%), P1 (2.076%), and P2 (1.840%) presented similar results. Based on the results from Duncan's Multiple Range
Test (Duncan Multiple Distance Test), there was a significant difference between the results of the Omega-3 content of
Patin catfish. The results of analyzed variances by ANOVA indicated a significant difference (P < 0.05) between each
treatment with the addition of lysine.

The results of Duncan's Multiple Range Test (Duncan Multiple Distance Test) expressed a significant difference.
The PO, P1, and P2 treatment groups have the same Omega-6 content and were not significantly different, while
treatment groups of PO, P1, and P2 were significantly different from P3 (p < 0.05). The highest Omega-6 content was
found in treatment P3 (22.540%).
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Table 1. The content of Omega-3 and Linoleic Acid (Omega-6) of treated catfish (Pangasius sp.).

Treatment Group Omega-3 Content £ SD LA Content + SD
Po 1.814° + 0.343 14.944% + 4.176
= 2.076 +0.122 14.010% + 2.013
P, 1.840° + 0.224 14.909 # + 0.848
Py 1.145% + 0287 22.540° + 3.555

Note: Different superscripts in the same column indicate a significant difference (p < 0.05). LA: Linoleic acid, PO: 0% lysine, P1:1.2% lysine, P2: 2.2%
lysine, P3: 3.2% lysine.

DISCUSSION

Significant changes have been obtained in the content of Omega-3 and Omega-6 in Patin catfish which were given a
certain amount of fish feed containing lysine.

Omega-3 is a PUFA that has many double bonds, the first double bond is located on the third carbon atom of the
methyl omega group, the next double bond lies in methyl omega, the next double bond is located on the third carbon
atom from the previous double bonds. The methyl omega group is the last group of fatty acid chains. The EPA has many
benefits including lowering cholesterol and anti-inflammation, and EPA is needed to help the growth and development
of nerve cells to be optimal (Maulana, 2013).

The present study indicated the results of an increase in the content of Omega-3 in catfish meat after the
administration of lysine in feed at a dose of 1.2% (P1) with an Omega-3 content of 2.076%. It is suspected that the
administration of amino acid lysine which acts as a precursor of carnitine could be absorbed optimally by catfish so that
the content of EPA and DHA could increase. Carnitine plays a role in the transfer of long-chain fatty acids into the
mitochondria to be oxidized, so that the content of EPA and DHA can also increase after the oxidation process. Omega-3
has an important role in growth, immune system, lower blood cholesterol levels, enhances the metabolism of cells,
essential nutrient for the eyes, and good for the central nervous system and brain in fish (Greenwood et al., 2001).

Omega-6 is included in essential fatty acids which have Linoleic acid parent compounds or called Linoleic acid
(LA). Omega-6 is a PUFA that has the first double bond in the 6th position. Linoleic acid is a precursor in the synthesis
of PUFA. Linoleic acid is produced from plants, it is specifically contained in seed oil. In addition, Linoleic and
Linolenic acids are found in food reserves. Arachidonic Acid (AA) which is one of the Omega-6 types, is often found in
cell membranes, is an important compound in interacellular communication, and becomes a precursor compound for
other important compounds in the body (Belitz et al., 2009). This study indicated an increase in the content of Omega-6
in Patin catfish meat after administration of lysine amino acid to feed at a dose of 3.2% (P3) which led to Omega-6
content of 22.540%. The reason for this increase in content is the limited lysine availability and the imbalance in the
composition of amino acids in the fish feed (Nunes et al., 2014). Feeds with an amino acid content of <20% are more
effective than feeds which their source of protein is only raw materials (Cowey, 1994).

Omega-6 (Linoleic acid and arachidonic acid) in Patin catfish meat is influenced by the addition of Lemuru fish oil
to the commercial feed of catfish (Gongalves et al., 2012). The Omega-6 content is found in meat because most
unsaturated fatty acids are stored in phospholipids in the cell membrane. The function of Omega-6 in Pangasius sp. is
the formation of compounds such as hormones that are used as a carrier of orders from one cell to another nerve cell
(Cuzon et al., 2004).

One of the supporting factors for the success of Patin catfish aquaculture is water quality. Water quality parameters
observed during the present study were temperature, DO, pH, and ammonia (NH3). Patin catfish were kept in containers
for 30 days with various water temperatures ranging from 27.4°C to 28.7°C and DO ranging from 4.47 mg/L to 7.08
mg/L. The catfish containers with different treatments and DO had similar pH of 7.0 and ammonia of 0.003 mg/L during
30 days. The level of water quality in Patin catfish containers was in accordance with the limits of water quality
parameters, namely temperature ranging from 28 to 32°C, DO levels (3-6 ppm), water pH tolerated by catfish (PH five to
nine) (Khairuman and Dodi, 2002). NH3 which can still be tolerated by catfish is 1 ppm. Drastic temperature changes
can cause stress in fish and stop the activity of Patin catfish in the waters. Fish need DO to perform activities such as
swimming, reproduction, respiration, and growth (Buentello et al., 2000). Increased NH3 concentration is influenced by
an increase in pH value and feeding amount (Effendi et al., 2007).

CONCLUSION

Based on the results from the current study, it can be concluded that the addition of lysine to commercial Patin catfish
feed could increase the content of Omega-3 and Omega-6 in catfish meat. Lysine addition at the dose of 1.2% could
increase the content of Omega-3 namely Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA) and a 3.2%
dose of lysine could increase the content of Omega-6 namely Linoleic Acid (LA) and Arachidonic Acid (AA) in catfish
meat.
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ABSTRACT

Coxiella burnetii (C. burnetii) is a Gram-negative and obligate intracellular bacterium that causes Query fever (Q
fever). The aim of the present study was to detect C. burnetii in beef cattle from Ampel slaughterhouse at Boyolali
Regency, Middle Java, Indonesia. Spleen, heart, liver, lung, and kidney samples were collected from 100 cattle and
used for Nested-PCR (nPCR) with four types of primers (OMP1, OMP2, OMP3, and OMP4). Five stages of pooling
extraction were performed on 100 individual samples. The nPCR amplified a 437 bp DNA fragment from the fifth
pool on the sampled heart, lung, and spleen. Furthermore, 10 individual samples from the fifth pool were re-tested
by nPCR to find out the number of positive individual samples. Of 10 samples, the obtained result indicated the
presence of C. burnetii DNA in 7 samples, 6 from Simmental cattle and 1 from Ongole cattle. Therefore, it can be
strongly suspected that there are 7 out of 100 local breed beef cattle positive of Q fever at Boyolali Regency, Middle
Java, Indonesia.
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INTRODUCTION

Coxiella burnetii (C. burnetii) is a Gram-negative and obligate intracellular bacterium that causes Query fever which is
also known as coxiellosis. This disease is highly contagious and zoonotic (OIE, 2010; Eldin et al., 2017), and can be
transmitted through aerosol and direct contact with infected animals or objects that are contaminated with the agent
(Ergas et al., 2006). Flies (Stomoxys sp., Musca sp.) and ticks (Ixodidae, Argasidae) are ectoparasites that act as vectors
causing the transmission of Q fever agent among animals, both from domestic to wild animals and also domestic to other
domestic animals (Maurin and Raoult, 1999; Eldin et al., 2017). Livestock that can be infected are ruminants such as
cattle, sheep, and goats, wild animals, pets, and even poultry.

Coxiella burnetii infection is often poorly symptomatic in animals. Symptoms that appear include decreased
appetite, respiratory disorders, and reproductive disorders, such as abortion (Fournier et al., 1998). In humans, C.
burnetii infection can be acute or chronic. The main clinical forms of acute Q fever in humans are pneumonia, hepatitis,
and flu-like syndrome, while chronic Q fever causes poor conditions, including endocarditis, vascular, and chronic
infections in pregnant women (Lodrigue et al., 2006; CDC, 2019). Chronic Q fever develops months or years following
initial Q fever infection. Stein et al. (2005) showed that aerosol transmission of Q fever causes severe lesions in the lung.

Query fever is present in many countries around the world, such as the USA, Canada, Australia, and several
countries in Africa and Asia (OIE, 2017). As a contagious disease, Q fever is the most neglected zoonosis in Indonesia.
Compared to other diseases, such as rabies, anthrax, and salmonellosis, this disease has received less public attention.
Considering the conducted studies on Q fever in Indonesia, Brahman Cross (BX) cattle were the main source of C.
burnetii. In fact, Q fever cases in Indonesia were reported in BX cattle (Setiyono, 2014), Balinese cattle (Mahatmi et al.,
2007), sheep, and goat (Mahatmi et al., 2007; Setiyono et al., 2008). Moreover, Q fever cases have already spreads to
some regions in Indonesia, such as Bogor (Mahatmi et al., 2007; Setiyono et al., 2008), Depok (Rini et al., 2019), Jakarta
(Setiyono et al., 2008), Malang (Mahatmi et al., 2007), Bali (Mahatmi et al., 2007) and Medan (Nasution et al., 2015).
So far, the incidence of the disease in Boyolali Regency has not been reported and the current study was the first case of
Q fever in beef cattle at Boyolali Regency, Middle Java, Indonesia. With this in mind, the present study aimed to detect
C. burnetii in beef cattle at Boyolali Regency, Middle Java, Indonesia.
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MATERIALS AND METHODS

Sampling

The samples included heart, liver, lung, spleen, and kidney organs from 100 cattle collected by pooling technique
(Rini et al., 2019). Each type of extracted organ was put in a different tube at every stage of the pooling extraction. To
enhance efficiency and reduce non-specific PCR product, only the heart organ was used for the individual test which was
based on pooling tests, showing the brightest band. The organ samples were collected by purposive random sampling
(Rini et al., 2019) from local beef cattle, such as Simmental, Ongole, Fresian Holstein, and Brahman breeds slaughtered
at the Ampel Slaughterhouse, Boyolali Regency, Middle Java, Indonesia from 19 to 21 June 2017.

Each organ was trimmed into cubes (3 cm thick), wrapped in aluminum foil, placed in a plastic container, and
stored in a coolbox to maintain the cold chain and freshness of the organ. Until the last day, the collected organs were
temporarily stored in the freezer (-30°C) at the Laboratory of Balai Pelayanan Kesehatan Masyarakat Veteriner (Bapel
Kesmavet) Boyolali Regency. The organs were placed in a coolbox with an icepack and transported by car to be tested at
the Integrated Laboratory, Faculty of Veterinary Medicine, Bogor Agricultural University (IPB University), Bogor,
Indonesia.

Nested- polymerase chain reaction

DNA extraction was carried out according to the method introduced by Ho et al. (1995) using DNA Purification
Kit; Solid tissue protocol (Gentra® Puregene®, Qiagen, Germany). Frozen fresh tissue of each organ was cut into 3-5
mg pieces and grounded for the extraction. Initial screening used pooling techniques on 100 cattle samples in 5 stages.
All organs (heart, liver, lung, spleen, and kidney) were extracted and placed on different tubes so there were five tubes of
pooling sample organs in every stage. In the first and third pool stage, 25 samples were extracted, respectively. In the
second and the fourth pool stage, every 20 samples were extracted while in the fifth pool stage as many as 10 samples
were extracted. After initial screening, 10 individual samples from the fifth pool were re-tested to see which cattle were
positive for Q fever.

The DNA amplification was performed by Nested-PCR (nPCR). The DNA sample was amplified on a thermal
cycler machine (GeneAmp PCR systems 9600, Perkin-Elmer®, USA). The first-round PCR was programmed for 35
cycles. There were pre-denaturation (94°C, 3 minutes), denaturation (94°C, 1 minute), annealing (54°C, 1 minute),
extension (72°C, 2 minutes), final extension (72°C, 4 minutes), and cooling (4°C, «). The first-round PCR product was
501 bp (OMP1 and OMP2, Ogawa et al., 2004). The primers used in the PCR test are shown in Table 1.

DNA amplification in nPCR was programmed for 35 cycles. It started with pre-denaturation (94°C, 3 minutes),
denaturation (94°C, 1 minute), annealing (56°C, 1 minute), extension (72°C, 1 minute and 30 seconds), final extension
(72°C, 4 minutes), and cooling (4°C, «). The nested-PCR product was a DNA amplicon of 437 bp (OMP3 and OMP4,
Ogawa et al., 2004).

Table 1. Sequences of oligonucleotides used as primers for first-round and Nested-PCR

PCR Primer Sequence Base Pair

First Round OMP1 5‘- AGT AGA AGC ATCCCA AGC ATT-3 501b
OMP2 5’-TGC CTG CTA GCT GTA ACG ATT-3’ P
OMP3 5‘-GAA GCG CAA CAA GAA GAA CAC-3¢

Nested 437 bp
OMP4 5-TTG GAA GTT ATC ACG CAG TTG-3¢

Reference: Ogawa et al. (2004)

Electrophoresis

After the amplification process on the PCR machine was completed, electrophoresis was carried out to see the
amplification results using electrophoresis gel (Agarose Gel Electrophoresis, Takara®, Japan) (Ogawa et al., 2004).
Electrophoresis reading was visualized as DNA fragments in bands. The result of visualization of electrophoresis was
viewed under UV luminescence and then it was photographed.

RESULTS AND DISCUSSION

On the first-round PCR, samples did not indicate any band neither pooling (Figure 1A) nor individual sample (Figure
1B). On nPCR, there were three organ pools (Figure 2) with positive Q fever, including samples of heart, lung, and
spleen from the fifth pool (Table 2). After the 10 individual samples were re-tested from the fifth pool, it was found that
there were 7 out of 10 positive samples of Q fever (Figure 3). The heart organ was only used for an individual test
because based on pooling tests, these organ pools showed the brightest band. As Hermansyah et al. (2018) explained,
good DNA quality has a high DNA concentration and it is also characterized by the high intensity of the produced DNA
bands.
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Table 2. Result of nPCR of five stages organ pool extraction

Organs

Pooling Stages
gty Heart Spleen Lung Liver Kidney

a s, w N e
1
1
1
1
1

1500 bp
1000 bp
600 bp

500 bp

1500 bp
1000 bp-

600 bp
501 bp

500 bp

Figure 1. The result of first-round PCR result from the fifth pool (A). 1: Heart, 2: Lung, 3: Spleen, 4: Liver, 5: Kidney
and individual extraction; B: 1-10: Individual sample. M: Marker, +: Positive control, C. burnetii strain Nine
Mile, -: Negative control/ aquabidest

Both the pooling and the individual sample on the first round PCR did not show a fluorescent band at 501 bp
(Figure 1). At line 1 on the pooling test (Figure 1A), the fragment wasnot formed at 501 bp (non-specific band) because
PCR only used PCR products from external primers (OMP1 and OMP2) that possibly formed a non-specific band.
Meanwhile, nPCR used a first-round PCR product that was re-amplified using internal primers (OMP3 and OMP4) so C.
burnetii DNA could be detected even at low concentrations (Purnawarman et al., 2012). According to Purnawarman et
al. (2012), nPCR is adequate to detect the presence of C. burnetii DNA with concentrations less than 300 pg, while PCR
can only detect the presence of these antigens at concentrations less than 15 ng. Therefore, products from the animal
origin containing C. burnetii DNA with concentrations less than 300 pg (hnPCR) or less than 15 ng (PCR) could not be
detected. The use of two pairs of primers (OMP1-OMP2 and OMP3-OMP4) is 50 times more sensitive than one pair of
primers (OMP1-OMP2) (Purnawarman et al., 2012). The use of the OMP primer set (OMP1, OMP2, OMP3, and OMP4)
has been used by Ho et al. (1995) and Ogawa et al. (2004) as well as other studies for highly conserved amplification of
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the outer layer protein of C. burnetii. Zhang et al. (1998) explained that these two pairs of oligonucleotide primers were
designed to amplify a 437 bp fragment of the com1 gene encoding a 27-kDa outer membrane protein of C. burnetii that
highly conserved among 21 strains of C. burnetii.

1500 bp
1000 bp

600 bp
437 bp
500 bp
400 bp

Figure 2. The result of electrophoresis of nPCR from the fifth pool. M: Marker; + : Positive control, C. burnetii strain
Nine Mile; - : Negative control/ aquabidest; 1: Heart; 2: Lung; 3: Spleen; 4: Liver; 5: Kidney

1500 bp
1000 bp

600 bp

437 bp
500 bp

400 bp

Figure 3. The result of electrophoresis of NnPCR from individual extraction (heart organ). M: Marker; +: Positive control,
C. burnetii strain Nine Mile; -: Negative control/ aquabidest; 1-10: Individual sample

The wide distribution of Coxiellosis around the world has lead to serious health problems both in humans and
animals. Query fever, for instance, is highly contagious and can be categorized as a zoonotic emerging infectious disease
(CFSPH, 2007; OIE, 2010). Query fever transmission can occur through direct contact with infected animals or
contaminated dust particles, and also via vectors (as a vector-borne disease, Setiyono, 2005; CFSPH, 2007). In 2005,
Indonesia imported 350,000 cattle from America and nearly 500,000 cattle from Australia (Ariningsih, 2014), where
there are still instances of Q fever. Several studies in Indonesia showed that BX cattle found in Indonesia were positive
for Q fever (Setiyono, 2005). Research on Balinese and BX cattle indicated 6.12% positive C. burnetii DNA using the
nested PCR method in Bali and Bogor (Mahatmi et al., 2007). The result of immunohistochemical examination showed
that 62/162 (38.3%) samples of BX cattle which were collected from slaughterhouses of Medan City and Deli Serdang
Regency were immunoreactive against C. burnetii (Nasution et al., 2015).

A total of seven samples were found positively infected with C. burnetii. Six out of seven samples were from
Simmental cattle and one sample was from Ongole cattle. Based on these results, local breed beef cattle at Boyolali
Regency were reported positively infected with Q fever. Beef cattle slaughtered in Ampel slaughterhouse were positively
infected with C. burnetii using PCR examination (Table 2). The results provoke more expectations about Q fever
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infection in the cattle of other regions in Indonesia. The local breed cattle dominantly raised (Simmental and Ongole) in
Boyolali Regency were positive for Q fever, presumably due to the transmission from BX cattle of Bandung which were
slaughtered at Ampel slaughterhouse. Contact between BX cattle and local breed cattle may occur during travel or at the
shelters. Mahatmi et al. (2007) reported that there were 3 (4.29%) positive Balinese cattle that were infected with C.
burnetii in Bali. Nugroho et al. (2021) also mentioned that beef cattle in Boyolali Regency were positive for Q fever
based on immunohistochemical examinations.

Clinical signs in animals are poorly symptomatic and often characterized by decreased appetite, respiratory
distress, and reproductive disorders (Lodrigue et al., 2006). Query fever in ruminants causes abortion in the last third
trimester of gestation and other reproduction disorders, such as metritis (Honarmand, 2012; Eldin et al., 2017), leading to
economical problems for the breeders. Coxiella burnetii can survive for several years in the host without any symptoms.
It may be still excreted by animals with subclinical Q fever. There are still many Indonesian people who do not fully
understand this disease and society often underestimates the symptoms caused by this disease. This is a particular
concern to individuals who come into direct contact with livestock, such as veterinarians, breeders, or slaughterhouse
workers, who are at the risk of becoming infected with this disease. The main infection route from animal to human is
airborne (Maurin and Raoult, 1999). There are some signs of this disease in humans, such as flu-like symptoms,
pneumonia, hepatitis, and nephritis (Maurin and Raoult, 1999; Honarmand, 2012). These signs respond differently to
each individual from mild to severe. However, most acute signs are self-limiting but can develop to chronic and cause
endocarditis. The mortality rate for Q fever in humans can vary from low to high (Honarmand, 2012; Eldin et al., 2017).

Infection widely spreads through almost all over the body organs, including the lung, heart, and spleen which
indicates a systemic infection (Table 2). Lung infection is related to acute Q fever because this organ acts as the early site
of the infection. This agent is distributed to the circulation system leading to a heart infection. The spleen is the most
important organ on the lymphatic system so that systemic infection of C. burnetii causes infection to the spleen. Liver
and kidney were negative for C. burnetii DNA based on the nPCR test because the infection was not in the chronic stage.

CONCLUSION

Although Query fever (Q fever) as a zoonotic disease is still neglected in Indonesia, it is of utmost importance to detect
this disease in Indonesia due to its detrimental effects on both livestock and humans. The obtained results of the present
study revealed that the incidence of Q fever has occurred in local beef cattle in Boyolali Regency, Middle Java,
Indonesia. It can be strongly suspected that there were 7 out of 100 local breed beef cattle positive of Q fever at Boyolali
Regency, Middle Java, Indonesia. Further studies are needed to obtain local isolates of C. burnetii so that the mapping of
Q fever in Indonesia can be carried out optimally.
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ABSTRACT

Brucellosis is one of the most important zoonotic diseases in the entire world. This disease results in serious
economic loss and public health problems. The disease is caused by gram-negative bacteria of the genus Brucella.
There is a need to perform control programs, such as conducting a vaccination program on livestock. One of the
vaccine components that can be used is B. abortus lipopolysaccharide. The present study aimed to find out the effect
of B. abortus lipopolysaccharide subunit vaccine in adjuvant Montanide ISA 70 against antibody titer and
interferon-gamma (IFN- y) level by administrating different doses and different post-vaccination sampling times. B.
abortus lipopolysaccharide was used in the current study as an antigen and Montanide ISA 70 as an adjuvant. The
samples were divided into three groups, each containing six sheep. In the control group (P0), the samples received
no treatment. In the first treatment group (P1), the samples were subjected to the injection of B. abortus
lipopolysaccharide subunit in Montanide ISA 70 adjuvant of 50 mg/ml. Regarding the second treatment group (P2),
the samples had an injection of B. abortus lipopolysaccharide subunit vaccine in 200 mg/ml. The results showed that
the administration of B. abortus lipopolysaccharide subunit vaccine in the Montanide ISA 70 adjuvant could
influence the formation of antibodies and IFN-y secretion on sheep. The administration of a dose of 100 pg/ml
indicated a greater antibody titer, compared to the dose of 50 pg/ml. The administration of the vaccine at a dose of
50 pg/ml revealed a greater IFN-y level value in comparison with the dose of 100 pg/ml. The result of the study on
IFN-y level indicated the control group had a greater IFN-y level rather than the treatment group. In Conclusion, The
administration of B. abortus lipopolysaccharide subunit vaccine in Montanide ISA 70 adjuvant could influence the
formation of IFN-y antibody and secretion on sheep.
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INTRODUCTION

Brucellosis is known as one of the most significant zoonotic diseases in the entire world since it leads to critical
economic and public health problems. Brucellosis which is caused by gram-negative bacteria of the genus Brucella can
cause chronic infection both in animals and humans (Xavier et al., 2014). Brucellosis in Indonesia is considered an
infectious reproductive disease in livestock. Animals infected with Brucella may experience abortion, retained placenta,
orchitis, epididymitis which may excrete germs into the uterus and milk. The economic loss caused by this disease
reaches 138.5 billion rupiah per year due to miscarriage rates, infertility, premature death, weak calves, and decreased
milk production (Sari et al., 2014).

Although Brucellosis has no effective treatment, vaccination of young cows can be an efficient way to control the
disease. The three most common vaccines include the attenuated strain 19 vaccines (S19), the adjuvant vaccine 45/20,
and the RB51 vaccine (Davis and Elzer, 2002). In Indonesia, the government approved the B. abortus RB51 vaccine to
control brucellosis in cows. Nowadays, the RB51 vaccine is used instead of the S19 vaccine, since it may lead to some
problems, including latent infection and prolonged antibodies. These issues can interfere with the serological diagnosis
of Brucellosis. The protection caused by the RB51 vaccine is the same as the S19 vaccine leading to infection since it is
an active vaccine. Therefore, there is an urgent need to develop an effective and safe vaccine to control the disease.

The lipopolysaccharide (LPS) subunit is a fragment used in developing the B. abortus vaccine. Lipopolysaccharide
is the largest surface antigen found in gram-negative bacteria. Therefore it is the basis for the serological classification of
various bacterial species and can be useful for the diagnosis of the disease. Moreover, lipopolysaccharides not only play
an important role in stabilizing the outer membrane and the biological activity of the most outer membrane protein but
also function as receptors for various bacteriophages (Ratnasari et al., 2018). Gram-negative bacterial lipopolysaccharide
is the potential antigen that can directly induce the humoral-specific immune response, namely B lymphocyte cells so
that they stimulate antibody formation more quickly. An antigen is a substance that can be recognized and bound
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properly by the immune system. The part of the antigen that binds directly to the molecular receptor is known as the
antigen determinant or an epitope (Rantam, 2003).

The adjuvant selection also greatly influences the immune response caused during the vaccine. One of the
adjuvants that can be used is Montanide ISA 70. Montanide ISA 70 Adjuvant is a water-in-oil adjuvant consisted of oil
and a very fine emulgator from the mannide monooleate group. The employed formulation for Montanide induces a
long-term and strong immunity, which makes it more stable and easier for injection, compared with the traditional oil
emulsion. Furthermore, Montanide has a high immunopotentiation and low side effects (Tehrani et al., 2014) which are
the significant factors in the preparation of effective and safe vaccines to manage the disease in livestock. The
immunization of animals with a high-quality vaccine is the main control suggestion for different animal diseases. There
are some national reports showing that vaccine administration could successfully control and eradicate the disease. The
use of Montanide ISA 70 is an alternative choice (Tehrani et al., 2014). This study was aimed to determine the effect of
the lipopolysaccharide subunit vaccine in Montanide ISA 70 adjuvant to the antibody titers and interferon-gamma (IFN-
v) level of the sheep.

MATERIALS AND METHODS

Ethical approval

All process of the present experiment was conducted in Department of Microbiology, Faculty of Veterinary
Medicine, Universitas Airlangga, Indonesia and the process was ethically approved by the committee of Universitas
Airlangga in terms of animal welfare and ethics.

The present study was an experimental laboratory study in which the effects of adjuvant Montanide ISA 70 and
LPS of B. abortus were investigated. Montanide ISA 70 Adjuvant could affect the efficiency of B. abortus LPS as an
antigen. The current study was conducted at a sheep farm owned by PT. Agro Great Indoberkah Probolinggo, and at the
Virology Laboratory Department of Microbiology, Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya,
Indonesia.

The samples in the current study were divided into three treatment groups, namely treatment group (P1), treatment
group (P2), and finally the control group (P0O). Before starting the treatment, the sheep were divided and put randomly
into different cages, each containing six male sheep approved by the veterinary assistant for healthy status before the
study. The PO was the control group that received no treatment entailed six sheep aged two years. P1 referred to the
group involved six sheep aged two years treated by giving B. abortus LPS injection in Montanide ISA 70 adjuvant at a
dose of 50 pg/ml subcutaneously. Finally, P2 was for the group with six sheep aged two years treated by giving B.
abortus LPS injection in Montanide ISA 70 adjuvant at a dose of 100 ug/ml subcutaneously.

Subunit vaccine formulation

In the present study, the LPS B. abortus subunit vaccine was administered in the Montanide ISA 70 adjuvant with
the dosages of 50 pg/ml and 100 pg/ml. The vaccine was made by adding Montanide ISA 70 adjuvant into LPS B.
abortus with a proportion of 3:7 meaning that each ml of the subunit vaccine contained 0.3 ml of LPS Brucella abortus
and 0.7 ml of Montanide ISA 70 adjuvant (Tehrani et al., 2014).

Raising experimental animals

The samples of 18 male sheep (Ovis aries) used in this study were divided into three treatment groups, i.e. P1, P2,
and PO (as control). To begin with, the sheep were divided into three cages where each cage entailed six sheep. In
treatment 1, the samples were subjected to the injection of LPS B. abortus with Montanide ISA 70 Adjuvant with a dose
of 50ul/ml subcutaneously. On the other hand, in treatment 2 (Sari et al., 2014), the samples were injected with LPS B.
abortus in Montanide ISA 70 adjuvant as much as 100pl/ml subcutaneously. The sheep in the control group received no
treatment. It should be noted that the sheep were kept in wooden stage cages. Feeding and drinking followed the norms
of “Preferences for sheep or goats in Indonesia” (Budisatria et al., 2010).

Sampling technique

Sampling was carried out in two turns; the first turn was performed on August 29, 2016, and the second turn was
run on September 12, 2016. A total of 18 samples were selected for blood sampling by taking blood from the jugular
vein using a 3-5 ml syringe.

Serum separation
To procure the blood serum, the collected blood was either put into a tube and centrifuged at a speed of 3000 rpm
for 20 minutes or was left aside so that the blood serum became separated and came to the surface of the tube.
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Antibody titer examination with indirect ELISA technique

The present study aimed to find out whether there was an antibody formed by the LPS B. abortus vaccine
employing a serological test using the Indirect-ELISA test technique. The principle of the Indirect-ELISA test was
antigen + antibody + antibody labeled enzyme. The Indirect-ELISA involved placing 100 pl of LPS antigen from B.
abortus weighing 1.25 pg/ml into a microplate and incubating at 37°C for 18 hours. Each plate hole was washed three
times with a washing buffer of 200ul per plate. In the next step, 200 pl of 4% buffer blocking was added to each plate
hole, and then incubated at 37°C for 1 hour, washed again by placing the washing buffer of 200 pl into each plate three
times. To each standard antibody, the antibodies were added (1: 100 diluted), and 100 ul was placed into the microplate
hole and incubated at 37°C for 2 hours followed by the addition of 100 pl anti-sheep antibodies labeled with the Alkaline
Phosphatase enzyme in each plate hole, and incubated at 37°C for 1 hour. In the next step, the p-PNP substrate was
added and incubated in a dark place at room temperature for 15-30 minutes, then 50 pl of NaOH 3n stopper solution was
added and a microplate reading was performed on the ELISA reader with a wavelength of 405 nm (Pangestika and
Ernawati, 2018).

IFN-y level examination with direct sandwich-ELISA

In the current study, a serological test was employed using the Direct Sandwich-ELISA technique in order to find
out the presence of IFN-y expression caused by LPS B. abortus (Prescott et al., 2002). The examination was carried out
using the ELISA kit (Legend maxTM). With regard to the principle of the Direct Sandwich-ELISA Test, the first specific
antibody was placed in the solid phase, then the added antigen was examined, and followed by the addition of the second
antibody labeled as the enzyme. The Direct Sandwich-ELISA Test prepared a 96 well microplate that has been plotted
with a monoclonal antibody against IFN-y. Then, it was washed with a 400ul washing buffer twice. After that, 100l of
IFN-y standard solution was added to each plate hole, so that the concentration of each was 1000 pg/ml, 500 pg/ml, 250
pg/ml, 125 pg/ml, 62.5 pg/ml, 31.3 pg/ml, 15 6 pg/ml, and 7.8 pg/ml. Similarly, each plate hole was filled with 50ul of
standard serum, and 50ul of Biotin-Conjugate were put in microwell and incubated for 2 hours at a temperature of 18-
25°C. After washing the microwell with washing buffer and drying it, 100ul of Sterptividin-HRP was added to all
microwells and incubated for an hour at a temperature of 18-25°C. Again after washing with washing buffer three times
and adding 100ul of TMB substrate (3,3',5,5'-Tetramethylbenzidine) to all plate holes, they were incubated at a
temperature of 18-25°C for 10 minutes. Then, a 100ul of stopper solution was added to each plate hole, and the
performance was read by ELISA reader with a wavelength of 450nm.

Data analysis

Data of antibody titer and IFN-y level were statistically analyzed using the Analysis of Variance (ANOVA) test. P-
value less than 0.05 (p < 0.05) was considered statistically significant. Honest Significant Difference test (Tukey) was
run using SPSS software, ver.21 (Statistical Product and Service Solution, 21).

RESULTS

Examination and analysis of antibody titer data of the sheep by indirect ELISA test

As mentioned earlier, the obtained data related to the sheep’s antibody titer were statistically analyzed using
ANOVA. In case of any significant difference (P < 0.05), the Honest Significant Difference (Tukey) test was employed
using SPSS software, version 21. Based on the result of the examination using the indirect ELISA technique, the data of
antibody titer were listed in Table 1, while the difference in antibody titer in the second-week post-vaccination and the
fourth-week post-vaccination could be seen in Figure 1.

The result of the ANOVA test showed that there were significant differences in each treatment (p < 0.05).
Therefore, data was analyzed again using the Honestly Significant Difference test (HSD test). Based on p-value (p <
0.05), the treatment group PO (nothing is given) was significantly different from the P1 treatment group (50 pg/ml given)
and P2 (100pg/ml given), but there was no significant variance between P1 treatment group (50 pg/ml) and P2 treatment
group (100 pg/ml). The comparison test between the antibody titer in the second-week post-vaccination and the antibody
titer in the fourth-week post-vaccination showed no substantial difference (p = 0.304).

The average antibody titer in the PO group in the second and fourth weeks neither increased nor decreased.
However, the average antibody titer was increased in the P1 treatment group (50 pg/ml) and P2 (100 pg/ml) in the fourth
week, compared to the antibody titer in the second week.

Examination and analysis of IFN-y level data with ELISA direct sandwich test

The obtained data on the IFN-y level of sheep were analyzed statistically using ANOVA. P value less than 0.05
was considered statistically significant. Honestly Significant Difference test was also employed using SPSS software,
version 21. The examination of the Interferon-gamma level was aimed to find out the role of IFN-y in inducing the
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cellular immune system. Based on the results of the ELISA reader, the data listed in Table 2 were obtained, while the
post-vaccination differences in the second week and the fourth week could be seen in Figure 2.

The average level of the IFN-y was determined in each treatment group, and it showed a significant difference
among treatments (p < 0.05). There was a noteworthy difference among treatment groups followed by the HST test as a
multiple comparison test. The comparison test between PO and P1 showed a significant difference (p = 0.034). In
addition, there was a substantial difference in the comparison test between PO and P2 (p = 0.005). However, the
comparison test of P1 with P2 did not reveal any significant difference (p = 0.716). The comparison between IFN-y level
in the second-week post-vaccination and IFN-y level in the fourth-week post-vaccination was not prominently different
(p = 0.220).

The average of IFN-y level in the control group (P0) in the second and the fourth weeks post-vaccination showed a
stable trend. In the P1 (50 pg/ml) and P2 (100 pg/ml) groups, the sampling of IFN-y level in the fourth-week post-
vaccination experienced a decrease, compared to the sampling of IFN-y level in the second-week post-vaccination.

Table 1. Average and standard deviation of sheep
antibody titer for the not-given-treatment group (P0) and
the given-treatment groups (P1, P2) in the second and
fourth weeks of post-vaccination.

Table 2. Average and standard deviation of IFN-y level of
sheep of a not-given-treatment group (PO) and given-
treatment groups (P1, P2) in the second and fourth weeks
of post-vaccination.

Treatments Antibody Titer (X+SD) Treatments Titer antibody (X+SD)

2" Week 4™ Week 2" Week 4™ Week
PO 0,000+ 0,000* 0,000° + 0,000* PO 5.267% +0.911* 5.392 %+ 0.094*
P1 0,350° + 0,437* 0,883" + 1,183 P1 4,998 + 0.776* 4.468 "+ 0.313*
P2 0,800° + 1,232* 0,966 + 1,148* P2 4.701° + 0.490* 4.410° £ 0.257*
Average 0,383% + 0,785** 0,616% + 1,001** Average 4.988 +0.741** 4.872 +0.639**

* different superscripts in the same column, showing significant
differences (p < 0.05); ** different superscripts on the same row,
showing significant differences. PO: The control group which received
no treatment entailed six sheep aged two years, P1: The group involved
six sheep aged two years treated by giving B. abortus LPS injection in
Montanide ISA 70 adjuvant at a dose of 50 pg/ml subcutaneously, P2:
The group included six sheep aged two years treated by giving B.
abortus LPS injection in Montanide ISA 70 adjuvant at a dose of 100
pg/ml subcutaneously.
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Figure 1. Average graph of sheep antibody titer for a not-
given-treatment group (PO) and given-treatment groups
(P1, P2) at the second and fourth weeks of post-

vaccination

DISCUSSION

* different superscripts in the same column, showing significant
differences (p < 0.05); ** different superscripts on the same row,
showing significant differences (p < 0.05); PO: The control group which
received no treatment entailed six sheep aged two years, P1: The group
involved six sheep aged two years treated by giving B. abortus LPS
injection in Montanide ISA 70 adjuvant at a dose of 50 pg/ml
subcutaneously, P2: The group included six sheep aged two years treated
by giving B. abortus LPS injection in Montanide ISA 70 adjuvant at a
dose of 100 pg/ml subcutaneously.
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Figure 2. Average graph of IFN-y level of sheep of the
not-given-treatment group (PO) and given-treatment
groups (P1, P2) in the second and fourth weeks of post-
vaccination

The administration of B. abortus lipopolysaccharide subunit in the Montanide ISA 70 adjuvant at doses of 50 pg/ml and
100 pg/ml in the post-vaccination sampling at the second week showed an increase in titer values of 0.350 and 0.833,
respectively, compared to the control group’s titer. Animal antibodies provided by B. abortus vaccine were detected in
the second-week post-vaccination, and it peaked in the sixth-week post-vaccination (Sudibyo, 1995). After the sixth
week, the formed antibodies started to decrease. Other studies stated that no antibody responses during the fourth week
after the inoculation, and there was only a sharp increase at the sixth week after the inoculation (Praja et al., 2017). The
intensity of the humoral immune response could be demonstrated by the serum antibody level (Pooley et al., 2019).
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When animals or humans are exposed to an antigen, a premier immune response characterized by the appearance of IgM
occurs a few days after the exposure, leading to an increase in the serum antibody level. The IgM level peaks on the
seventh day (Sathe and Cusick, 2021). After the sixth and seventh days, IgG is detected in the serum, whereas IgM
begins to decrease before IgG level peaked 10-14 days after the exposure (Pajuaba et al., 2010) The antibody level
continues to decrease, and only is slightly detected after four to five weeks.

The administration of B. abortus lipopolysaccharide subunit in Montanide ISA 70 adjuvant at the doses of 50
pg/ml and 100 pg/ml in post-vaccination sampling at the second week showed a reduction in IFN-y level of 4.998 and
4.701, respectively, compared to 5.267 value of IFN-y for the control group. Moreover, IFN-y level value of animals that
did not receive any treatment showed lower values than those animals that received treatments (Segura et al., 2007).
Many factors that affected the antibody response were produced in vivo, including the composition of conjugation,
carrier protein, immunization route, adjuvant, animal species, and detection method (Davar et al., 2015). At high doses,
interferon could reduce cellular and humoral immune responses. At low doses, interferon-stimulated the immune system
by increasing the activity of Natural Killing cells (NK cells), macrophage, T cells, and by regulating antibody production
(Baratawidjaja, 2006). Regarding time, the value of IFN-y level in the sampling of the second-week post-vaccination was
higher than the value of IFN-y level in the sampling of the fourth-week post-vaccination. The result showed that IFN-y
level reached the optimal level in the second-week post-vaccination. Based on the statistical test, the obtained result was
indicative of 0.220 (P > 0.05). Consequently, it could be inferred that the time factor did not have any significant effect
on the IFN-y level of the sheep which received the Brucella abortus lipopolysaccharide subunit vaccine.

Davar et al. (2015) mentioned that IFN-y level peaked seven days after the vaccination, the IFN-y level continued
to decrease after seven days, and very little IFN-y was detected 180 days after the vaccination. The IFN-y was a major
cytokine for macrophage activating cytokine, and played a major role in the non-specific and cellular-specific immunity.
IFN-y is believed to be a cytokine that activated macrophages to kill phagocytes. IFN-y stimulates the expression of the
Major Histocompatibility Complex (MHC-I), Major Histocompatibility Complex Class 2 (MHC-II), and Antigen-
Presenting Cells (APC) costimulator. IFN-y increases CD4 cell differentiation to the Thiamine biosynthetic bifunctional
enzyme (Th1) subcells, and prevents Th2 cell proliferation. IFN-y acts against B cells in the transfer of IgG subclasses
that bound Fcy-R to phagocytes. and activates the complement. Both of these processes increase phagocytosis of the
microbes operationalized (Baratawidjaja, 2006).

The adaptive or specific immune response was slower, because it needed antigen sensitivity, but has better
protection against the same antigen. This immune system was run by B lymphocytes and T lymphocytes derived from
lymphoid progenitor cells. T lymphocyte cells were responsible for the production of cytokines and cytotoxicity (cellular
immunity), and B lymphocytes produced antibodies (humoral immunity; Skendros and Boura, 2013). The IFN-y could
divert Ig that participated in the microbial elimination. IFN-y activated neutrophils and stimulated the cytolytic effect of
NK cells (Baratawidjaja, 2006).

Adjuvant has an important role in the success of vaccination helping to form antibody responses. The use of
adjuvant should be adapted to several criteria, namely target species, antigen, type of immune response, inoculation
route, and immunity duration (Aucouturier et al., 2001). Montanide was a water-in-oil adjuvant consisting of oil and a
very fine emulgator from the mannide monooleate group. Formulation using Montanide adjuvant-induced a long-term
and strong immunity. Compared to the traditional oil emulsion, Montanide was more stable and easier to be injected. In
addition, Montanide also has a higher immunopotentiation and fewer side effects (Tehrani et al., 2014). The addition of
an adjuvant to the vaccine could increase the immunogenicity of the vaccine. Adjuvant was an ingredient mixed into a
vaccine to enhance the immune response, both humoral and cellular immunity (Murphy et al., 1999).

CONCLUSION

The administration of B. abortus lipopolysaccharide subunit in the Montanide ISA 70 adjuvant can influence the
formation of antibodies and IFN-y secretion on the sheep. The difference in dose given during the vaccination influenced
the formation of antibodies and IFN-y secretion. Administration of 100 pg/ml produced antibody titer value greater than
the dose of 50 ng/ml and injecting the dose of 50 pg/ml produced an IFN-y level greater than the dose of 100 pg/ml.
There were significant differences regarding antibody titer and IFN-y level in the second-and fourth-week post-
vaccination.
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ABSTRACT

The present review aimed to reveal the role of (GTG)s-PCR microbial typing in indicating the routes and
source of infections, investigate the outbreaks and genotypes of clinical strains, as well as finding
virulent strains and epidemiology of bacterial isolates. All available and published data in Google
scholar, PubMed, ResearchGate, and Science Direct during the past two decades that used the (GTG)s-
PCR method for genotyping the bacterial isolates were included in the current study. The findings have
indicated that (GTG)s-PCR can be recommended as a possible, cost-effective, fast, and easy tool for
molecular typing of bacterial isolates.
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INTRODUCTION

It is of utmost importance to understand clonal relatedness between the microbial strains since it can help to
identify the source and routes of infections, examine the outbreaks, detect cross-transmission of healthcare-
associated pathogens, distinguish particularly virulent strains and assess the efficacy of control measures (Tenover
et al., 1997; MacCannell, 2013; Rafei et al., 2014). Bacterial typing has also helped in the improvement of
monitoring programs and provided important data for public health prevention strategies.

The traditional typing methods were based on phenotypic typing while modern molecular methods are based on
genome components of bacteria (Bradford, 2018). Antibiogram, biotyping, serotyping, and phage typing are
examples of traditional epidemiological typing methods that have sometimes been effective in understanding the
epidemiology of infectious diseases. Serotyping, phage typing, and antibiotic resistance patterns could provide
useful information for short-term epidemiological studies in pathogens worldwide (Tenover et al.,, 1997
MacCannell, 2013). However, conventional methods are of various types, which are labor-intensive and time-
consuming in epidemiological investigations (MacCannell, 2013). As a result, DNA-based typing methods play a
significant role in the analysis of most microbial pathogens’ epidemiology.

Numerous epidemiological typing systems have been used, with a diverse armamentarium ranging from non-
molecular techniques to more advanced molecular typing technologies. The most widely utilized molecular typing
methods include the DNA-based methods, particularly restriction endonuclease analysis of genomic and plasmid
DNA, southern hybridization analysis with the use of specific DNA probes, plasmid profiling, chromosomal DNA
profiling using either pulse-field gel electrophoresis or polymerase chain reaction (PCR)-based methods (Tenover et
al., 1997; MacCannell, 2013). Molecular genetic techniques, such as PCR, nucleic acid fingerprinting, DNA sequence
analysis of bacterial chromosomes are important techniques in identifying the prevalence of nosocomial infections, food
contamination reservoirs or the release of pathogenic plant strains into the environment, and isolation of specific
genotypes in conjugation with a particular bacterium (Ranjbar et al., 2008).

However, the aforementioned methods also have been recognized with some disadvantages, such as the need for
special tools, considerable cost, and time-consuming procedure. Regarding this background, the present study aimed to
review the importance of using (GTG)s-PCR as a simple and low-cost method for subtyping bacterial isolates.

Sources
All available and published data in Google scholar, PubMed, ResearchGate, and ScienceDirect that used the
(GTG)s-PCR method for genotypes of A. baumannii isolates were included in the current study.
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Subtyping of bacterial isolates

Genetic variation in the genome of bacteria causes a molecular typing method to determine bacterial strains. For
microbial typing of bacteria, many approaches are available; however, each of them has its own merits and demerits that
make it useful in some studies and restrictive in others. High discriminatory power, good reproducibility, the simplicity
of the method, simple interpretation of the results, and low costs of the method are important issues to choose an
approach as a typing method (Li et al., 2009).

(GTG)s-PCR

This method is effective in screening a large number of bacterial strains and it is beneficial for intraspecies
differentiation and identification of bacterial genomes. Indeed, (GTG)s-PCR is a type of repetitive extragenic
palindromic (rep)-PCR that amplifies the (GTG)s repetitive element which lays throughout the bacterial genomes
(Gevers et al., 2001). This PCR-based method can be used for a broad range of Gram-negative bacteria and a narrow
range of Gram-positive bacteria (Gevers et al., 2001; Kathleen et al., 2014).

Acinetobacter baumannii

There are a few studies on molecular typing of A. baumannii using the (GTG)s-PCR. Huys et al. (2009) presented
that (GTG)s-PCR was a reliable and cost-efficient tool to differentiate members of pan-European multi-resistant A.
baumannii (MAB) clone 111 from different MAB clones isolated from the University Hospital of Ghent, Belgium (Huys
et al., 2009). In another study, the (GTG)s-PCR-based typing method was used to differentiate A. baumannii strains
recovered from hospitals of Tehran, Iran. The findings of this research highlighted the high power of typing since more
than 95% of the isolates were typable and (GTG)s-PCR differentiated the strains into 13 (GTG)s clusters (Ranjbar and
Babazadeh, 2021).

Staphylococcus species

The highly resistant coagulase-negative staphylococci are important factors of nosocomial diseases and veterinary
infections. The identification of staphylococcal species using traditional biochemical tests is not efficient due to the
increase in the number of known subspecies. There are many reports for genotypic and phenotypic detection of
staphylococci (Braem et al., 2011). A study conducted on 35 type strains and 253 field isolates of Staphylococcus
species indicated (GTG)s-PCR fingerprinting is a useful method to determine the identity of bovine Staphylococcus
species. (GTG)s-PCR fingerprinting achieved a typeability of 94.7% and an accuracy of 94.3%, compared to
identifications based on gene sequencing in this study (Stepan et al., 2004). Novakova et al. (2010) By using rep-PCR
using the (GTG)5 primer could differentiate Staphylococcus microti DSM 22147 from viscera of common voles.

Lactobacilli species

Svec et al. (2011) used the (GTG)s-PCR to characterize vaginal lactobacilli. It is declared that (GTG)s-PCR is a
simple, beneficial, and rapid method for the identification of many vaginal lactobacilli isolates and also suggested that
this method can be more reliable in combination with other techniques (Svec et al., 2008; Svec et al., 2011).

Salmonella species

Salmonella enterica Serotype 4,[5],12:i:- is an emerging serotype with worldwide distribution and a significant
infection rate of humans and domestic animals (Yang et al., 2015). The methods of BOX-AlR-based (BOX)-PCR,
repetitive extragenic palindromic (REP)-PCR, enterobacterial repetitive intergenic consensus (ERIC)-PCR, and GTG5-
PCR were compared in a study. The findings indicated that both the high average number of amplicons bands and high
value of discrimination index suggested BOX-PCR and GTG5-PCR as better molecular typing methods than REP-PCR
and ERIC-PCR in their capability to distinguish among closely genetically related S. 4,[5], 12:i:- isolates in hospitalized
patients and minced pork samples. Also, BOX-PCR and GTG5- PCR generated more clusters for each serotype from the
same and different sources (Poonchareon et al., 2019).

Klebsiella species

Klebsiella pneumoniae is a Gram-negative nosocomial pathogen detected in many infectious diseases, such as
bacteremia, pneumonia, urinary tract infections, and in patients with underlying diseases (Shakib et al., 2012; Mancini et
al., 2018). The pathogenicity of this organism is notable because of its ability to produce some important enzymes which
destroy an extended spectrum of antimicrobial agents (Shakib et al., 2012). In a study, 88 K. pneumoniae isolates were
subjected to (GTG)s—PCR assay, and the strains were differentiated into 9 clusters which showed the ability of this
method for molecular typing of K. pneumoniae strains (Ranjbar and Afshar, 2019).
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Streptococcus species

Svec et al. (2008) evaluated the (GTG)s-PCR for the fast screening of bacterial strains isolated from dental plaque
of children with early childhood caries. It is proposed that the (GTG)s-PCR fingerprinting is a fast and valid method for
the identification of Streptococcus Mutans, compared to other used molecular typing methods (Svec et al., 2008).

Campylobacter species

Campylobacteriosis is one of the most common zoonotic diseases derived from the consumption of contaminated
poultry meat (Poonchareon et al., 2019). There are few studies that assay the Campylobacter species via (GTG) 5-PCR.
In one study conducted in Cape Town for eight years, DNA fingerprinting using (GTG)s was performed to type 100
isolates of Campylobacter concisus strains. The findings of a study conducted by Matsheka et al. (2006) provided that
homologous lineages of C. concisus may belong to a heterogeneous species complex. The mentioned study also
confirmed the discriminability and simplicity of (GTG)s-PCR (Matsheka et al., 2006).

Escherichia coli

Extraintestinal Escherichia coli, the main cause of colibacillosis in chickens, also cause different infections in
humans, such as neonatal meningitis, urinary tract infections, and sepsis (Mellata, 2013). Knowing the abundance of this
bacterium in its natural source is very strategical for controlling the occurrence of infectious agents in humans and
animals. A study on the feces of many poultry and free-living birds revealed that from 95% to 70.7% of fecal E. coli
isolates were classified into the correct host source (Mohapatra et al., 2008).

Enterococcus species

Many phenotypic and molecular methods have been described for the identification of enterococci (Domig et al.,
2003). The rep-PCR with (GTG)s primer has also been presented as a reliable method for species identification of all
enterococci strains which grouped clearly into well-separated clusters and representing single species (Svec et al., 2005).

Yersinia species

Huang et al. (2013) analyzed the variation of molecular characteristics of Yersinia ruckeri isolates collected in
northwest Germany and reported that this method was one of the best methods of molecular typing, compared to the
methods which could obtain four patterns of Yersinia ruckeriisolates. In order to compare the obtained molecular
profiles of Yersinia enterocolitica, rep-PCR method was suggested using the primer (GTG) 5 (Versalovic et al., 1994).
Regarding rep-PCR, the comparison revealed that the contaminated pigs with Yersinia enterocolitica could carry the
microorganism to different points in the abattoir environment (Moreira et al., 2019).

Vibrio species

Ben-Haim et al. (2003) studied the Vibrio coralliilyticus species and found that the inner AFLP and GTG5-PCR
pattern similarities were higher than 64 %. Balcazar et al. (2010) suggested that rep-PCR fingerprinting technique using
(GTG)5-PCR allowed differentiating V. alginolyticus and V. splendidus in epidemiological analyses, particularly in large
studies and critical situations.

Other bacterial species

Kathleen et al. (2014) reported (GTG)5 PCR is useful in the differentiation of unknown bacterial isolates. De
Vuyst et al. (2008) found some new Acetobacter species and reported (GTG)5-PCR DNA fingerprinting was useful for
the identification and classification of acetic acid bacteria to the species level. Acetic acid bacteria Gram-negative,
ellipsoidal to rod-shaped, obligate aerobic bacteria that currently classified into 10 genera and 44 species, such as
Acetobacter and, Gluconacetobacter species. It is reported Rep-PCR using (GTG)s could provide better differentiation
of the isolates of Listeria monocytogenes than did RAPD PCR and resulted in discrimination of the isolates into a larger
number of unique profiles (Hadjilouka et al., 2014).

CONCLUSION

The current study supports the idea that (GTG)s-PCR is a possible, cost-effective, and easy technique for molecular
typing of bacterial isolates; however, these data can be compared to more known typing techniques.
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ABSTRACT

The long period of raising carp (Osphronemus gouramy) causes the need for excessive feed. One way that can
accelerate the growth of this fish in order to shorten the maintenance period is by the addition of essential amino
acids, such as lysine. However, this certainly gives its own influence on energy retention. Therefore, the aim of this
study was to determine the influences of addition of lysine in feed on energy retention and feed conversion ratio of
carp. The research method used an experimental method with a completely randomized design consisting of five
treatments and four replications. The treatments used were the addition of Lysine 0%, 1%, 1.5%, 2%, and 2.5% to
the feed. The present experiment was conducted for a year. The results showed that the addition of lysine as much as
2% in commercial feed can increase the energy retention of carp (Osphronemus gouramy). Moreover, the addition of
lysine by giving up to 2.5% cannot reduce the feed conversion ratio in carp (Osphronemus gourami) rearing. It can
be concluded that the use of lysine has different effects related to the increase in retention and decrease conversion
ratio in carp.
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INTRODUCTION

Carp (Osphronemus gouramy) in Indonesia experiences an increase in production every year. As in 2011, the market
demand for carp was 9,322 tons and in 2012 the demand increased to 10,303 tons (Zakaria, 2008).

The growth of carp is slow to reach an average weight of 250 grams/head in male species and 200 grams/head in
female takes 10-12 months (Handajani, 2007). The long period of raising carp causes the need for feed consumption
(Muzdalipah and Yulianto, 2018). One way that can accelerate the growth of this fish in order to shorten the maintenance
period is by the addition of essential amino acids, such as lysine (Simanjuntak et al., 2016; Nguyen et al., 2019).
Essential amino acids are amino acids that cannot be synthesized by animals or plants and they trigger growth rate
(Lovell, 1998). The requirement of lysine for carp is greater than that of other essential amino acids which is 5.7% (Viola
et al., 1992). Lysine may improve the balance of utilization of amino acids so that it can increase the growth rate (Alam
et al., 2005).

Amino acids in proteins are used as forming new proteins during growth and reproduction or replacing damaged
proteins during the maintenance and growth period (Hidayat, 2016). The lysine supplementation as an essential amino
acid made up of protein is expected to increase the energy retention of carp (Glroy et al., 2017; Nguyen et al., 2019).

On the other hand, the benefits of lysine as a supplemented ingredient to accelerate the growth of carp can be
observed from the value of the FCR (Gan et al., 2013). FCR is the ratio between the dry weights of feed consumed and
fish weight gain (Afrianto and Liviawaty, 1992). The addition of lysine is expected to reduce the Food Conversion Ratio
(FCR), so that it can accelerate the growth of carp and shorten the maintenance time (rearing period) to the commercial
size of consumption. For this reason, the present study was conducted with the aim of analyzing the addition of lysine in
commercial feed to energy retention and conversion ratio of carp feed.

MATERIALS AND METHODS

This research was conducted from April 2016 to May 2016 in the Laboratory of the Faculty of Fisheries and Maritime
Affairs, Universitas Airlangga. Proximate analysis of carp feed and the meat was conducted at the Feed Laboratory of
Universitas Airlangga. Through this, several tools were used, namely 40x25 x 25 cm3 aquariums of 20 pieces, small
aerators, aerated hoses, aeration stones, seser (fishes trap), plastic bags, pH meters, thermometers, DO meters,
refractometers, analytical scales, sipon (suction device).
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The animals used for testing in this study were carp (Osphronemus gouramy). The carps used are 8-10 cm in size
and each aquarium contains 10 fishes. Five treatments and four replications were arranged, with 20 aquariums and 200
fishes. The maintenance media used in this study are fresh water with a volume of 15 liters per aquarium. The diet was
included commercial feed in the form of pellets and lysine (CAS Number 56-87-1, L-Lysine >98% (TLC), Sigma-
Aldrich).

Along with conducting the research, carps were selected before being stocked in an aquarium. In this case, the
selection is based on uniformity in size and completeness of the body's organs so that it can be ascertained that the carp
is healthy and homogeneous. Before stocking, carps are acclimatized for 30 minutes. Stocking of carp was done in the
morning or evening to avoid stress.

The study compared the effect between commercial feed which was not given lysine and commercial feed
including lysine at different doses in each treatment (Po, P1, P, Ps, P4) on energy retention and FCR in carp
(Osphronemus gouramy). Analyses of variance were performed using the GLM procedure of SAS Institute Inc. (2005) as
a completely randomized design consisting of five treatments with four replications.

Water Quality

Water quality can be defined as the suitability of water for fish survival and growth which is generally determined
by several water quality parameters (Mahasri et al., 2009). The range of water quality during this study has a dissolved
oxygen content of 4 mg/ |. The content of dissolved oxygen in this study was in the physiological range. The temperature
of maintenance media during the study was between 28°C - 31°C (Indonesia, 2000). The pH value during the study
ranged from 7.5 to 8.0. This is according to the optimal water pH ranges from 7.5 to 8.5 (Mahasri et al., 2009). The
optimal ammonia concentration in aquaculture, in this case, is not more than 1 ppm (Indonesia, 2000). Ammonia
concentration was not more than 1 ppm. Ammonia concentration values range from 0 to 0.09 (mg/l). Nevertheless, the
water quality for 34 days of carp maintenance based on the data above shows that the optimal gourami breeding media
and does not cause toxic results in death, this is evidenced by the survival rate of carp as many as 100% (Mabhasri et al.,
2009).

RESULT AND DISCUSSION

Energy Retention

The results showed the energy retention value of carp ranged from 23.36 to 37.42%. Data on average energy
retention can be seen in Table 1.

The results of statistical analysis according to table 1 showed findings that were not significantly different on carp’s
energy retention. There was a significant difference between treatments, the highest energy retention was P; (37.42%)
and the lowest energy retention was P, (23.36%). P5 is not significantly different from P, but significantly different from
P,, Py, and P,. Furthermore, it is known that energy is obtained from an overhaul of chemical bonds through the process
of oxidation reactions to feed components namely proteins, fats, and carbohydrates into simpler compounds (amino
acids, fatty acids, and glucose) in order to be absorbed and to be used or stored by the body (Afrianto and Liviawaty,
1992). Energy retention is the amount of feed energy that can be stored in the body of a fish (Chusminah et al., 2018).
Meanwhile, ANOVA statistical test results showed that the administration of amino acid lysine in commercial feed
showed no significant difference in the energy retention of carp. Based on Duncan’s Multiple Range Test, there was a
difference between treatments with the highest supplemented amount at P; and the lowest amount at P,. This shows that
the supplementation of lysine in commercial feed can increase energy retention in comparison with feed without the
addition of lysine.

Increased energy retention can occur due to lysine; because it’s one of the essential amino acids that cannot be
synthesized by the animal body. So it must be included through feed, with proper feeding and the appropriate dosage
then an increase in energy retention can occur because the main source of energy in fish is a protein (Zhang et al., 2009).
The dietary addition of lysine which is a monomer from protein causes absorption will be faster because it occurs
directly in the intestine (Zhang et al., 2009). It is well known that protein is an important component of energy compilers
in fish (Lovell, 1998). Therefore, amino acid metabolism can occur through two stages, namely transamination, and
deamination (Buwono, 2000). Through these events, amino acids can be converted into acetyl Co-A which then
generates to the Krebs cycle to produce energy (Buwono, 2000).

The mean value of energy retention ranged from 23.36 to 37.42% with the highest energy retention in P3 with the
addition of lysine as much as 2%. This can be interpreted that out of every 3149.8179 Kcal/kg of feed energy consumed,
it can be utilized for daily growth and metabolism in carp (0.3742 x 3149.8179 Kcal /kg) or 1,178.66 Kcal/kg. On the
other hand, the lowest energy retention calculation results are at P, as many as 23.36%. Such conditions indicate that
energy that can be utilized for the growth and metabolism of carp is (0.2336 x 3044.2726 Kcal/kg) or 711.14 Kcal/kg.
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Through this matter, it is known that energy retention is related to protein feed levels because they also contain
protein in addition to carbohydrates and fats (Saravanan et al., 2012). Analysis of feed protein for Py, P, P,, P3 and P,
are 25.15; 27.82; 28.94; 30.61; 32.06. Moreover, energy analysis levels of Py, Py, Py, P53 and P, are 3138.47; 3317.91;
3323.779; 3238.94; 3360.34. The highest energy retention is P; with the addition of lysine as many as 2%, the protein
content of the feed is 30.61%, and the energy content of 3238.94 Kcal/kg. The protein-energy level is the optimal ratio
for carp because the protein content of the feed approaches the minimum requirement for its protein feed in the growth
phase of 32%.

The addition of 2.5% lysine possibly produced a protein content of feed in accordance with the protein
requirements of carp feed is 32.06% in P, but the resulting energy retention was lower than P;. This is due to an
imbalance between protein-energy requirements in feed, so excess protein will cause extra energy demands to do the
deamination process so that the energy that should be used for growth will be reduced (NRC, 1989). Therefore, without
the right energy-protein balance will not have an impact on growth, the level of protein-energy in the feed also affects
feed consumption, if the protein-energy level exceeds the need, it will reduce consumption so that the uptake of other
nutrients including protein will decrease (Lemos et al., 2014). Comparison between protein retention and energy must be
optimal in order to stimulate growth. In fact, high energy intake can reduce protein consumption as an energy source
(Souto et al., 2013).

Feed Conversion Rate

The results showed the FCR of carp ranged from 3.39 to 5.05. Data on average FCR can be seen in Table 2.

The results of the statistical analysis of lysine amino acids in commercial feed, in Table 2, showed results that were
not significantly different (p > 0.05) to the conversion ratio of carp feed. Based on Duncan’s Multiple Range Test, it was
found that there were no differences between treatments. Therefore, it is known that the FCR is the ratio between the dry
weights of the food consumed and fish weight gain (Afrianto and Liviawaty, 1992) The FCR is used as one of the
benchmarks of success both technically and financially. On the other hand, the value of the FCR is inversely proportional
to the growth in fish weight. The higher FCR shows that the feed given is increasingly ineffective in the growth of carp.

Meanwhile, ANOVA statistical results and Duncan’s Multiple Range Test showed that the supplementation of
lysine in commercial feed did not affect the FCR value in carp (p> 0.05). Based on the calculation of feed consumed, the
amount of feed consumed P, and P; has a small difference but the addition of P; fish weight is greater than that of Py,
Consequently, there is a tendency to decrease the value of feed conversion to occur at P3. Feed consumption data can be
seen in Table 2. The value of the P; FCR is 3.39, which means that 3.39 grams of feed give 1 gram of carp weight gain.
Po FCR value is 5.05, which means to add 1 gram of carp weight, feed consumption of 5.05 grams is required.

On the other hand, the ANOVA statistical results of giving lysine in commercial feed to FCR were not significantly
different, it possibly could be due to the content of lysine used in this study. In addition to achieving optimal growth,
feed energy must meet the needs for daily activities, metabolism, and maintenance needs. Energy in feed is still used for
the daily needs of fish, namely for metabolic processes so that maximum growth has not yet occurred. These conditions
are in accordance with circumstances where not all the incoming energy can be digested and utilized for growth
(Handajani and Widodo, 2010; Zuidhof, 2019). In this case, the dietary energy is physiologically used for maintenance
and metabolism; if there is residual it will be deposited as body tissue in the growth process (Zuidhof, 2019).

Table 1. Average energy retention in carp

Energy Retention + SD Energy Retention
Treatment (%) \/yd: SD
Po 23.36° £ 9.84 476 +1,01
P: 23.90° + 4.53 4.87 +0.46
P, 24.73+ 4,58 4.95 +0.46
Ps 37.42° + 8.61 6.09 +0.73
P, 26.03% +5.16 5.08 +0.49

Notes: Po: Lysine 0%, P1: Lysine 1%, P,: Lysine 1.5%, Ps: Lysine 2%, P4: Lysine 2.5 %, and SD: standard deviation. Different superscripts in the same
column show significant differences in Duncan’s Multiple Range Test (Duncan’s Multiple Range Test).

Table 2. FCR in different treatment in carp feed conversion ratio

Feed Conversion Rate

Treatment Feed Conversion Rate + SD \/y+0.5ﬂ:SD
Po 5.05 + 1.55 2.33 £0.32
P, 4,50 £0.91 2.23 £0.20
P, 4.15+0.85 2.15 £0.19
Ps 3.39£1.00 1.96 +0.25
P, 3.82+0.75 2.07 £0.18

Notes: Po: Lysine 0%, P;: Lysine 1%, P,: Lysine 1.5%, Ps: Lysine 2%, P,4: Lysine 2.5 %, and SD: Standard Deviation
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CONCLUSION

Based on present findings, it can be concluded, the supplementation of lysine as much as 2% in commercial feed can
increase the energy retention of carp (Osphronemus gouramy). As well as, the dietary supplementation of lysine to
commercial feed by giving up to 2.5% may not reduce the feed conversion ratio in carp (Osphronemus gouramy)
breeding.
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ABSTRACT

Adjuvant chemotherapy might be indicated in some canine mammary cancer cases due to metastatic potential. In
this regard, studies to determine adverse events following chemotherapy protocols are valuable. The purpose of this
prospective clinical trial was to evaluate the safety and tolerability of gemcitabine and carboplatin combination in
dogs with malignant mammary tumors. For this prospective clinical trial, 21 female dogs mastectomized due to
malignant mammary neoplasia underwent adjuvant chemotherapy with gemcitabine (3 mg/kg, 60-minute 1V
infusion) and carboplatin (10 mg/kg, 20-minute IV infusion) based protocol every 21 days for three cycles. They
were monitored periodically for treatment-related adverse events by clinical and laboratory evaluations. A total of 17
(80.9%) dogs developed leukopenia, 10 (47.6%) neutropenia, and 15 (71.4%) thrombocytopenia at least once along
with the three chemotherapy cycles. All these hematologic toxicities were grade 1, 2, or 3. Two (9.5%) animals had
evidence of gastrointestinal toxicity; however, clinical signs were mild to moderate (grades 1 and 2). No dog had
life-threatening adverse events (grade 4) or even died (grade 5) of treatment-related complications. The adjuvant
chemotherapy protocol with gemcitabine and carboplatin was well-tolerated and safe in female dogs for mammary
cancer treatment with self-limiting hematological and gastrointestinal adverse events.
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INTRODUCTION

Mammary tumors are the most common neoplasms in female dogs. They have genetic, anatomopathological, and clinical
similarities with human breast cancer. The recommended treatment for canine mammary cancer is surgical excision
(Cassali et al., 2020; Sorenmo et al., 2020). Adjuvant chemotherapy is indicated in some cases of malignant neoplasms
due to metastatic potential (Lavalle et al., 2012) although it might lead to several side effects, mainly myelosuppression
and gastrointestinal (Gl) disorders (Rodaski et al., 2008). The toxicity occurs since chemotherapeutic agents do not target
exclusively neoplastic cells, but high mitotic rate cells, including the regular ones (Rodaski et al., 2008; Gustafson and
Bailey, 2020).

Chemotherapy protocols in companion animals may be linked to a good quality of life and extended long-term
survival. However, the potential for adverse events that impact the overall quality of life should be taken into
consideration (Vail, 2009). This emphasizes the importance of detailed studies on the drug doses and administration
frequencies in veterinary cancer patients in order to increase success rates with as few side effects as possible (Medeiros,
2017). Gemcitabine is an antineoplastic drug that requires cell absorption and intracellular phosphorylation to act
(Garnett et al., 2016). Doses ranging from 350 to 1,000 mg/m? (1V) are known to cause the least side effects (Lana et al.,
2007; Dominguez et al., 2009) related to hematologic, dermatological, Gl, and renal disturbances (Rodaski et al., 2008).
Gemcitabine administration has also been found to sensitize the neoplastic cell to a better carboplatin action (Silva et al.,
2018). Carboplatin belongs to the second generation of platinum compounds. The drug acts through covalent binding to
DNA through displacement reactions resulting in bifunctional lesions and intrastrand crosslinks (Fichtinger-Schepman et
al., 1985). Carboplatin has less toxicity than other anticancer agents from the same group (Wagstaff et al., 1989). Side
effects observed are nausea and vomiting, nephrotoxicity as well as myelosuppression with neutropenia and
thrombocytopenia (Selmic et al., 2014). Lavalle et al. (2012) demonstrated that dogs with malignant mammary tumors
treated with carboplatin after surgical excision had a statistically significant longer overall survival when compared with
animals submitted to surgical treatment alone.
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An in vitro study showed that gemcitabine and carboplatin decreased cell proliferation, increased apoptosis, and
induced cell cycle disruption. Cell cycle interruption and apoptosis were higher when both drugs were administered in
sequence (Anjos et al., 2012). The true utility of gemcitabine might act as a potentiator of carboplatin cytotoxicity
(Dominguez et al., 2009). The success of combination chemotherapy over single-agent treatment is providing maximal
cell kill within the range of tolerable toxicity, accomplishing more interaction between the chemotherapeutic agents and
tumor cell population, and slowing the development of cellular drug resistance (Gustafson and Bailey, 2020).
Gemcitabine and carboplatin in combination therapy have been evaluated for the treatment of canine osteosarcoma
(McMahon et al., 2011) and varied carcinomas (Dominguez et al., 2009). In addition, it is one of the regimens
recommended for mammary cancer in dogs (Cassali et al., 2020) although there are no previous studies on toxicity and
safety of gemcitabine and carboplatin doublet therapy for canine malignant mammary tumors as far as one can tell from
the literature.

In veterinary medicine, there is a lack of studies on the toxicity of chemotherapy regimens. In this context, the aim
of this prospective clinical trial was to assess the adverse events, safety, and tolerability of adjuvant chemotherapy with
gemcitabine and carboplatin combination for mammary cancer in female dogs through clinical and laboratory
evaluations.

MATERIALS AND METHODS

Ethical approval
The study was approved by the Ethics Committee on the Use of Animals of Universidade Federal Fluminense with
the verdict number 279/12. In addition, written informed consent was obtained from owners to authorize the study.

Patients

The present study was conducted at the Professor Firmino Marsico Filho Veterinary Teaching Hospital,
Universidade Federal Fluminense, Brazil from March 2012 to December 2013.

Dogs were enrolled in this prospective study according to the following criteria: (1) at least one
histopathologically confirmed malignant mammary neoplasia; (2) surgical treatment of disease by unilateral or bilateral
mastectomy in cases of nodules in one or both mammary chains, respectively; (3) no previous history of cancer; and (4)
disease stage | to 1V by modified TNM staging system based on WHO classification (Owen, 1980), which means the
absence of distant metastasis suggestion by 3-view radiographic examination of the thorax and abdominal
ultrasonography.

After the mastectomy, mammary chain resected were fixed in 10% buffered formalin solution for 48 hours,
embedded in paraffin, and cut in 5 pm sections. Tumor sections were stained by hematoxylin and eosin, then classified
according to Cassali’s histopathological criteria (Cassali et al., 2020). Tumor histological type and grade, regional lymph
node status, and resection margin status were obtained. These data associated with cancer disease staging and owner
willingness to offer an antineoplastic treatment determined whether or not to start adjuvant chemotherapy. In cases of
multiple types of mammary tumors in the same dog, the clinical decision-making for adjuvant chemotherapy treatment
was based on the most aggressive tumor type and grade.

Chemotherapy administration

The chemotherapy protocol consisted of three cycles. The interval between cycles was 21 days. Dogs received
gemcitabine at a dose of 3 mg/kg (Rodaski and De Nardi, 2008) IV over 60 minutes. The carboplatin was administered 5
minutes after gemcitabine through the same catheter at a dose of 10 mg/kg (Rodaski and De Nardi, 2008; Dominguez et
al., 2009) 1V for 20 minutes. Before, between, and after chemotherapy administrations, 25 ml/kg/hour of 0.9% saline
solution was administered as recommended for platinum-derived protocols (Repetti and Daleck, 2007). As
chemotherapy-induced toxicity prophylaxis, ondansetron hydrochloride (0.5 mg/kg PO every 12 hours) was given for 6
days and starting 3 days before each chemotherapy session for all dogs. In addition, immediately before anticancer
agents infusion, ondansetron (0.5 mg/kg 1V), ranitidine hydrochloride (1.0 mg/kg SC) and promethazine (1.0 mg/kg 1V)
were administered (Viana, 2007).

Adverse events evaluation

Adverse events were graded according to the Veterinary Cooperative Oncology Group - Common Terminology
Criteria for Adverse Events following investigational therapy in dogs and cats (LeBlanc et al., 2021) based upon clinical
and laboratory evaluations (E). About 20 days after mastectomy and before the first cycle of adjuvant chemotherapy,
baseline clinical and laboratory evaluations (EO) were performed. Table 1 shows the schedule of chemotherapy cycles as
well as clinical and laboratory evaluations. Dogs were evaluated on days 0, 15, 20, 36, 41, 57 and 62, identified as EO,
E1, E2, E3, E4, E5 and EB, respectively, for this 63-day study. The female dogs were subjected to blood count tests from

290
LCRAICRGINRETETg Israel CB, Maués T, Ferreira AMR, and Ferreira MLG (2021). Clinical and Laboratory Findings in Dogs Undergoing Adjuvant Chemotherapy with
Gemcitabine/Carboplatin Combination for Mammary Neoplasia. World Vet. J., 11 (2): 289-299.



EO to E6 and serum biochemistry and urinalysis with urine protein-creatinine ratio exams in EO, E2, E4, and E6. These
findings were accounted for as laboratory changes. Clinical evaluation and complete blood counts (including manual
white blood cell differential) were also performed on E1, E2, and E5. Clinical evaluation from EO to E6 included
physical examination, abdominal palpation, cardiopulmonary auscultation, oral, and ocular mucosa examination, as well
as monitoring of weight, temperature, and hydration status. Besides, clinical history and anamnesis were carried out with
the dog’s owner with regard to appetite, vomiting, diarrhea, lethargy, and other non-ordinary events related to
antineoplastic drugs side effects.

Table 1. Schedule of clinical and laboratory evaluations (EO to E6) and the three cycles of gemcitabine and carboplatin
combination chemotherapy performed on female dogs with mammary cancer
Evaluation

Chemotherapy
Days _ N Laboratory
Period | Clinical Blood count . Se“”?“ Urinalysis Session Cycle
biochemistry
EO X X X X
1 X First
15 El
20 E2 X X X X
22 X Second
36 E3
41 E4 X X X X
43 X Third
57 E5 X X
62 E6 X X X X

EO: Baseline evaluation, E1: First evaluation, E2: Second evaluation, E3: third evaluation, E4: Fourth evaluation, E5: Fifth evaluation, E6: Sixth
evaluation, x: Marks the evaluated parameter.

Adverse events managing
Toxicity management varied according to tumor type and grade from chemotherapy cycle delay to symptomatic or
prophylactic therapy prescription.

Statistical analysis

In the clinical trial, one-way analysis of variance (Dunn, 1964; Scheffé, 1999) and the paired Student's t-test
considered Gl toxicosis (emesis, diarrhea, hyporexia, and weight loss) and other clinical toxicity (such as lethargy, fever,
hypothermia). The laboratory findings were hematological (complete blood count, global leukometry, neutrophil count,
platelet count, red blood cells, haemoglobin, and hematocrit) and metabolic toxicoses (increase in creatinine, urea,
alanine aminotransferase [ALT] and alkaline phosphatase [ALP], decrease in serum albumin, and increase in urine
protein-creatinine ratio). The abnormal parameters taken were classified into five degrees (LeBlanc et al., 2021).

RESULTS

Patients’ characteristics

A total of 98 female dogs met the inclusion criteria. From these, 77 were excluded from the current study for the
following reasons: (1) not having chemotherapy indication, since they had stage | disease and low aggressive tumors; (2)
their owners declining the adjuvant chemotherapy recommendation; or (3) were dogs undergoing a different
chemotherapy protocol. Finally, a total of 21 female dogs of varying ages and breeds, including mixed breed dogs, with
mammary cancer met inclusion criteria and were enrolled for this prospective clinical trial. Seven (33.3%) dogs were
spayed and 14 (66.7%) dogs were not. The mean age was 10.4 years (range 7-14 years). There were eight (38.09%)
Poodles Toy, four (19.04%) mixed breed dogs, two (9.52%) Daschunds, one (4.76%) Bichon Frise, one (4.76%) Border
Collie, one (4.76%) Bull Terrier, one (4.76%) Rottweiler, one (4.76%) English Cocker Spaniel, one (4.76%) Brazilian
Terrier and one (4.76%) Pinscher. The mean weight was 11.5 kg (ranged from 3.1 to 37.5 kg) wherein 16 dogs were
above 15.0 kg. The time interval between surgery and initiation of chemotherapy was approximately 21 days (range 16—
44 days). No significant correlation between toxicity and age, breed, or even weight was found.

Staging, tumor type, and grade
With regards to disease staging, 47.6% (n = 10/21), 28.6% (n = 6/21), 19.1% (n = 4/21) and 4.7% (n = 1/21) of the
animals were stage I, Il, 111 and 1V, respectively. The most common mammary tumor type was carcinoma in a mixed
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tumor grade 1l (66.6%, n = 14/21), followed by tubular carcinoma grade Il (19.0%, n = 4/21), papillar carcinoma grade
I1, solid carcinoma grade Ill, and carcinosarcoma grade Il (4.8%, n = 1/21 each). No significant correlation between
toxicity and cancer stage, tumor type, or grade was found. Ten animals received adjuvant chemotherapy due to tumor
size over 3 cm (six dogs stage Il plus four dogs stage I11) and one because of positive lymph node metastasis (stage 1V).
Among these animals, two dogs stage 111 had more aggressive tumor types such as carcinosarcoma grade Il and solid
carcinoma grade I1I. All female dogs with stage | cancer had mammary tumor grade Il and underwent chemotherapy by
owners’ voluntary choice. The clients were aware that no scientific evidence of adjuvant chemotherapy benefits for
grade Il malignant mammary tumors is available, but they were concerned about metastatic disease potential and
therefore opted for adjuvant treatment after surgery.

Laboratory findings

The main hematological changes during all three adjuvant chemotherapy cycles were leukopenia (43 events in 126
blood count exams), neutropenia (24 events in 126 exams), and thrombocytopenia (38 events in 126 exams). About
80.9% (n = 17/21) of the female dogs had leukopenia at least once from E1 to E6 (43 events in 17 dogs). A higher
incidence of grades 1 (global leukometry 5,499-6,000/ul) and 2 leukopenia (global leukometry 3,499-5,500/ul) was
noticed in 39.5% (n = 17/43 each), followed by grade 3 leukopenia (global leukometry 1,499-3,500/pl) (Figure 1) that
summed up 21.0% (n = 9/43) of events. The most severe episodes of leukopenia happened in E1 (blood count 14 days
after the first chemotherapy session) and E4 (blood count before the third session). However, only leukopenia in E1 was
statistically significant (p < 0.05) when compared to leukopenia in E2, E3, E4, E5, and E6.

With regards to neutropenia, 47.6% (n = 10/21) of animals had it at least once from E1 to E6. To sum up all 24
episodes of neutropenia (24 events in 10 dogs), 66.7% (n = 16/24) were grade 1 (Absolute Neutrophil Count [ANC]
1,500-3,000/ul), 20.8% (n = 5/24) were grade 2 (ANC 1,000-1,499/ul) and 12.5% (n = 3/24) were grade 3 (ANC 500-
999/ul, Figure 2). Two animals (a 19.7 kg Mixed Breed dog and a 25.0 kg Border Collie) had grade 3 neutropenia and
one of them (Border Collie) showed afebrile grade 3 neutropenia again later (Neutrophil count = 925/ul). Neutropenia
had a higher frequency and was statistically significant (p < 0.05) on blood count after the first chemotherapy cycle (E1).
No animal had febrile neutropenia.

Around 38.1% of female dogs (n = 8/21) had a delayed or second nadir about 19 days after chemotherapy
administration, totalizing 12 neutropenia events in E2, E4, and E6. About 71.4% (n = 15/21) of the female dogs had
thrombocytopenia at least once from E1 to E6 (38 events in 15 dogs). Thrombocytopenia was more frequently detected
in the blood count after the second (E3) and third (E5) chemotherapy sessions (Figure 3). It was mild / grade 1 (platelet
count 100,000-200,000/ul) in most events (68.4%, n = 26/38). Grade 2 (platelet count 50,000-99,000/ul) and grade 3
(platelet count 25,000-49,000/ul) thrombocytopenia were observed in 18.4% (n = 7/38) and 13.2% (n = 5/38) of cases,
respectively. The decrease in platelet count was highly significant (p < 0.0001) in E3, considerably significant (p <
0.001) in E1 and E5, and significant (p < 0.05) in E2, E4, and E6. The most severe thrombocytopenia cases occurred in
E3 and E5 blood counts (both platelet count = 40,000/ul), performed 14 days after the second and the third
chemotherapy sessions, respectively.

No animal had anemia during this clinical trial. Finally, descriptive analyzes of the different events (leukopenia,
neutropenia, and thrombocytopenia), related to toxicity degree and chemotherapy cycle, showed a higher hematological
adverse event in E1, E3, and E5 control blood counts with E1 being the most severe. It is noteworthy that one 12-year-
old Poodle breed dog (4.7%, n = 1/21) did not present myelosuppression at any time from EO to E6. No dog developed
elevations in hepatic or renal values during treatment. Nonetheless, one animal already had a pre-existing grade 4
elevation in ALT (1,440U/1) and grade 1 in ALP (246U/l) at the beginning of the study and before hepatopathy
treatment. No other female dog had abnormalities noted on pretreatment clinical and laboratory evaluations (EO).

Gradel mGrade2 mGrade3
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Figure 1. Number of leukopenia events (n = 43) distributed in grades from E1 to E6 in 21 female dogs who underwent
adjuvant chemotherapy with gemcitabine and carboplatin combination. E1: 14 days (nadir) after first chemotherapy
cycle; E2: 2 days before the second chemotherapy cycle; E3: 14 days (nadir) after second chemotherapy cycle; E4: 2
days before the third chemotherapy cycle; E5 and E6: 14 (nadir) and 19 days after third chemotherapy cycle,
respectively.
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Figure 2. Number of neutropenia events (n = 24) F_igu_re 3. N_umber of thrombocytopeqia events (n = 38)
distributed in grades from E1 to E6 in 21 female dogs distributed in grades from E1 to E6 in 21 female dogs
who underwent adjuvant chemotherapy  with underwent adjuvant chemotherapy with gemcitabine
gemcitabine and carboplatin chemotherapy and carboplatin chemotherapy combination. E1: 14
combination. E1: 14 days (nadir) after first days (nadir) after first chemotherapy cycle; E2: 2 days
chemotherapy cycle; E2: 2 days before the second before the second chemotherapy cycle; E3: 14 days
chemotherapy cycle; E3: 14 days (nadir) after second (nadir) after second chemotherapy cycle; E4: 2 days
chemotherapy cycle; E4: 2 days before the third before the third chemotherapy cycle; ES and E6: 14
chemotherapy cycle; E5 and E6: 14 (nadir) and 19 days (nadir) and 19 days after third chemotherapy cycle,
after third chemotherapy cycle, respectively. respectively.

Clinical findings

Clinical signs of Gl toxicity were based on episodes of emesis, diarrhea, hyporexia, and weight loss. Only two
dogs (9.5%, n = 2/21) had vomiting and diarrhea both a few days after the first chemotherapy session. One animal, a
nine-year-old Bull Terrier, was classified with Gl toxicity grade 1, and the other, a seven-year-old Border Collie, grade
2. The constitutional clinical sign of lethargy was reported by owners in three female dogs (14.3%, n = 3/21) and
occurred only after the first chemotherapy cycle, classified as grade 1. Regarding other clinical adverse events, no
animal had another Gl sign or even other constitutional clinical (fever, hypothermia and weight loss), allergic, cardiac,
dermatologic, ear and labyrinth, hemorrhagic, musculoskeletal/soft tissue, neurological, ocular, respiratory nor
genitourinary disorders.

Adverse events managing

Neutropenia, thrombocytopenia, and GI signs lead to adverse events management protocols, which varied
according to toxicity type and grade. Neutropenia grades 2 and 3, as well as grade 1 when ANC was under 2,500/ul, led
to treatment delay of 2 to 7 days considering the severity and individual recovery time. Therefore, around 11.2% (n =
7/63) of chemotherapy cycles were postponed due to neutropenia events in E2 (n = 2/7) and E4 (n = 5/7) in 5 dogs. The
two animals that showed neutropenia under cutoff value in E2, presented neutopenia again in E4. Hemogram was
performed every 48 or 72 hours for neutropenic dogs and the chemotherapy session delayed was retaken when ANC
reached 2,500/pl.

Prophylactic broad-spectrum antibiotic (enrofloxacin 5 mg/kg PO every 12 hours for 7 days) was prescribed for
two dogs with afebrile grade 3 neutropenia with ANC under 750/pl (both in the nadir of first chemotherapy cycle, one in
E1, and other in E2). One of those dogs presented afebrile grade 3 neutropenia once again in E4 (nadir of second
chemotherapy cycle) nevertheless antibiotic was not prescribed since ANC was 925/ul, which is over 750/pl (Bisson et
al., 2020).

Thrombocytopenia grades 3 and 2 when platelets were under 75,000/ul led to chemotherapy administration delay
in 2 to 7 days considering the severity and individual recovery time. Thus, 4.8% (n = 3/63) chemotherapy cycles were
postponed due to thrombocytopenia events in E2 (n = 2/3) and E4 (n = 1/3) given that one dog in E2 also had concurrent
grade 3 neutropenia (ANC = 640/ul) contributing to session suspension. Hemogram was performed every 48 or 72 hours
for thrombocytopenic dogs and the delayed chemotherapy session was retaken when platelets accomplished the cutoff
value of 75,000/pl.

It is should be noted that neutropenia and thrombocytopenia under cutoff values occasioned chemotherapy delay
only in E2 and E4 since those were the evaluations before chemotherapy sessions. Concerning Gl adverse events
(vomiting plus diarrhea) presented by two animals, diet adjustments, ondansetron (1.0 mg/kg PO every 12 hours), and
omeprazole (1.0 mg/kg PO every 24 hours) were prescribed. No antineoplastic drug dosage has been reduced even for
animals that previously showed adverse events. No dog had a life-threatening adverse event (grade 4) or even died
(grade 5) of chemotherapy treatment-related complications in this clinical trial. No animal was hospitalized due to
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chemotherapy-related adverse events.

Clinical outcomes

Regarding treatment response, no dog had local recurrence nor metastasis (by 3-view radiographic examination of
the thorax and abdominal ultrasonography 3 months after surgery) during the 63-day study period. After chemotherapy
treatment, owners were recommended to bring their dogs for follow-up every three months to evaluate disease
recurrence and metastasis. Nevertheless, 19 (90.5%) dogs lost follow-up along the long-term period of 60 months.
Therefore, only two (9.5%) patients were enrolled in the overall survival time (OST) analysis (from surgical treatment to
death). The first was a thirteen-year-old Daschund with carcinoma in a mixed tumor grade 2 and stage I. The latter was
an eight-year-old Poodle with carcinoma in a mixed tumor grade 2 and stage Ill. The OST was 1,125 and 1,797 days,
respectively. The cause of both deaths was unknown (information through pet owners' phone contact).

DISCUSSION

The efficacy of systemic therapy for mammary gland tumors has not been confirmed according to the highest evidence-
based standards, even though chemotherapy is routinely recommended for dogs with large tumors (tumor size > 3 cm
diameter), lymph node metastasis, and aggressive tumor histology after surgery (Sorenmo et al., 2020) since these
features are related to recurrence / distant metastasis and shorter survival time (Rasotto et al., 2017).

Although Coffee et al. (2020) found carboplatin-induced neutropenia and thrombocytopenia especially in dogs
under 15.0 kg, the findings of the current study indicated no correlation between myelosuppression and body weight.
However, it must be considered that the authors studied a canine population much larger than the current study (101
versus 21) which leads to higher statistical reliability. Interestingly, the dog that had the worst neutropenic events (two
episodes of grade 2 neutropenia in E3 and E6 plus two episodes of grade 3 neutropenia in E2 and E4) was a seven-year-
old 25kg Border Collie. In addition, the same canine had 3 thrombocytopenic events (one grade 1 episode in E5 and two
grade 2 events in E2 and E3) and was one out of the two dogs that had vomiting (grade 2) and diarrhea (grade 1) after
the first chemotherapy session. Border Collie breed dogs may have polymorphisms (Alves et al., 2011) and even nt230
(del4) ABCB1 gene mutation (Dekel et al., 2017; Marelli et al., 2020), interfering with glycoprotein P substrates
metabolism. Several chemotherapeutic agents have already been identified as substrates of the glycoprotein P (Mealey,
2004; Linardi and Natalini, 2006; Mealey et al., 2017), but gemcitabine and carboplatin were not so far. Thus, no PCR
test for ABCB1 mutation was requested for the Border Collie dog that showed exacerbated toxicity compared to other
animals studied.

Bone marrow suppression is a frequently encountered chemotherapy toxicity. The bone marrow cells divide
rapidly, so it is a prime target since the activity of most anticancer agents is greatest in tissues with a high growth rate.
The clinical result of myelosuppression is varying degrees of peripheral blood cytopenias (MacDonald, 2009). Indeed
leukopenia, neutropenia, and thrombocytopenia were the most common hematological findings along 126 blood count
exams (from E1 to E6) in 21 canines during gemcitabine and carboplatin doublet treatment. However, these blood
adverse events were considered acceptable since most were grade 1 and no grade 4 or 5 were found. As with other
authors (Dominguez et al., 2009; McMahon et al., 2011), the hematological toxicosis observed in dogs was minimal to
moderate. The most frequent side effects in humans were hematological, mainly thrombocytopenia and neutropenia
(Maisano et al., 2011). In the current study, leukopenia was also considered statistically significant in dogs in addition to
thrombocytopenia and neutropenia. However, it should be considered that only neutropenia and thrombocytopenia are
considered for clinical judgment and decision making.

In humans with lung cancer undergoing gemcitabine and carboplatin chemotherapy, a quarter of patients
developed myelosuppression grades 3 and 4, as another quarter showed no sign of myelosuppression (Gréen et al.,
2016). In the current study, about one-third of the animals (28.6%, n = 6/21) had grade 3 leukopenia at some point of the
treatment while one female dog (4.7%, n = 1/21) did not present myelosuppression at any time. The results of the current
study are similar to another research in dogs (Dominguez et al., 2009) that found grades 3 and 4 neutropenia in 32% of
canines (n = 12/37) and to a pilot study in cats (Martinez-Ruzafa et al., 2009) in which two animals (14.3%, n = 2/14)
developed grade 3 or 4 neutropenia. However, grades 3 and 4 neutropenia were substantially more frequent (65%) with
the same antineoplastic drugs in humans (Usami et al., 2010). Regarding this discrepancy in toxicity, the doses
employed for humans are different from dogs and cats, and so is the incidence of adverse events.

Neutropenia is usually the most serious and dose-limiting cytopenia associated with chemotherapeutic drug
administration. Animals with neutropenia that are afebrile and asymptomatic should have chemotherapy delayed for a
few days to one week based on the severity (MacDonald, 2009), as it was done in the current study in 11.2% of
chemotherapy cycles (n = 7/63). Even though neutropenia was detected in 47.6% (n = 10/21) of dogs in the current
study, febrile neutropenia was observed in none of the cases as expected since this event is more common with other
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anticancer agents use, such as vincristine, doxorubicin (Britton et al., 2014) and lomustine (Cunha et al., 2017). Pyrexia
accompanying neutropenia is a more clinical concern than if a patient is afebrile and clinically well, as it indicates the
probable presence of infection (Bisson et al., 2018). Since all neutropenia reported in this clinical trial were afebrile and
dogs did not show alterations at clinical screening or the owner’s questionnaire, antimicrobial prophylaxis was not
prescribed for animals with grades 1 and 2 neutropenia. Two animals had grade 3 neutropenia, both clinically well, but
due to ANC under 750/ul, antibiotic was prescribed according to Bisson et al. (2020) and Fournier et al. (2017)
recommendation for ANC cutoff for antimicrobial prophylaxis. The enrofloxacin was chosen for antimicrobial
prophylaxis due to other authors' guidance (Thamm and Vail, 2007; Vail, 2009; Boudreaux, 2014; Gustafson and Bailey,
2020). One of those two dogs showed afebrile grade 3 neutropenia (ANC = 925/ul) again, but antibiotic was not
prescribed this time since ANC was over 750/ul (Bisson et al., 2018; Bisson et al., 2020) and the animal did not have
risk factors, such as hematological malignancies, concomitant disease, or weight less than 14kg - was a 25kg Border
Collie (Bisson et al., 2018).

Chemotherapy cycles were delayed in 23.8% (n = 5/21) of animals, while McMahon et al. (2011) deferred
treatment in 12% (n = 6/50) and Dominguez et al. (2009) in 18.9% (n = 7/37) of dogs mainly due to neutropenia
severity. On the other hand, in a study with cats (Martinez-Ruzafa et al., 2009) receiving gemcitabine (2mg/kg V) on
days 1 and 8 and carboplatin (10mg/kg V) on day 1, the findings indicated that 6 out of 14 cats (42.9%) experienced
treatment delays. If instead of 2,500/l we had opted for a lower ANC cutoff value, such as 1,500/ul, as recommended
by other authors (MacDonald, 2009), we probably would have reported less delayed sessions.

Dose reductions are deleterious to the optimum delivery of chemotherapy (Gustafson and Bailey, 2020). For that
reason, no antineoplastic drugs dosage has been reduced for animals that previously showed adverse events in the
current trial inasmuch as no grade 4 toxicity has occurred as recommended by MacDonald (2009) and different from
Dominguez et al. (2009) who decided for gemcitabine and carboplatin dose reduction of 25% as a result of grade 3
neutropenia in one dog. McMahon et al. (2011) administrated the combination of carboplatin and gemcitabine in 50 dogs
every 21 days. They reduced carboplatin dosage 15 times in 6 dogs (12%) during treatment cycles 2 and 3 due to grade 3
and 4 neutropenia, grade 3 thrombocytopenia, grade 2 lethargy, and grade 2 anorexia. Guidelines for dose adjustments of
anticancer agents are not standardized, and the administrations are done empirically (10% to 25% dose reduction)
whenever severe or unacceptable hematologic or Gl toxicosis has happened (Gustafson and Bailey, 2020).

The nadir varies with individual drugs, however, it commonly occurs 5-10 days after chemotherapy administration
(MacDonald, 2009). Around 38.1% of female dogs (n = 8/21) had a delayed or a second nadir about 19 days (E2, E4,
and E6) after the chemotherapy session probably due to carboplatin use (Chun et al., 2007). Thrombocytopenia cutoff
value of 75,000/pl followed MacDonald (2009) recommendation. Given the fact that anemia is a rare treatment-related
event (MacDonald, 2009), indeed it was expected no anemia report in the current study. Considering that our study
lasted 63 days, even if chemotherapeutic agents affected red cells development in bone marrow, we would not have
enough time to evaluate since the canine erythrocyte lifespan is about 110 days (Lindena et al., 1986).

A study in dogs receiving gemcitabine 2mg/kg by slow intravenous infusion, followed by carboplatin 10mg/kg on
day 1, gemcitabine alone on day 8, and then repeating the cycle on day 21, reported minimal to moderate hematological
toxicity (Dominguez et al., 2009). Another research on dogs with osteosarcoma using gemcitabine 2mg/kg followed by
carboplatin 300mg/m? both by intravenous infusion and repeating the cycle on day 22 concluded that the hematological
toxicity of this protocol was acceptable (McMahon et al., 2011). In the present study, hematological adverse events were
also considered mild to moderate. Besides, gemcitabine was infused first followed by carboplatin to avoid antagonistic
effects. Further, this infusion order is considered more effective since provides synergism between chemotherapeutic
agents (Wang et al., 2010).

Even though there are reports of renal function changes related to these drugs (Calvert et al., 1989; Barabas et al.,
2008), no renal toxicity degree was observed. It is known that platinum derivatives tend to predispose to renal toxicity.
However, when compared to cisplatin, carboplatin has been shown to be significantly less toxic (Dominguez et al.,
2009). Moreover, one dog already had increased ALT (grade 4) and ALP (grade 1) activities in EQ (before the first
chemotherapy session). Nevertheless, due to hepatopathy treatment (Silimarin 20mg/kg every 12 hours PO), those
parameters were normalized along with the clinical trial period even with chemotherapy maintenance. The animal
presented grade 2 ALT and grade 1 ALP when started the first chemotherapy cycle. Given the dog did not have marked
enzyme activities increasing along with the treatment (E1 to E6), hepatotoxicity was not considered to be an important
adverse effect of gemcitabine and carboplatin combined protocol. In this context, no degree of treatment-related hepatic
or renal toxicity was observed in the current study. Liver toxicity due to gemcitabine has not been observed in humans
either (Toschi et al., 2005; Saif, 2010).

In 20 human patients treated with gemcitabine and carboplatin, nausea and vomiting were not commonly observed
(Usami et al., 2010) similar to the current study in which only two female dogs (9.5%, n = 2/21) had vomiting and
diarrhea after the first chemotherapy session and no longer in the subsequent cycles even with the maintenance of
antineoplastic agents dosages for following sessions. Martinez-Ruzafa et al. (2009) and Dominguez et al. (2009) studied
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tolerability of gemcitabine (2mg/kg IV) on days 1 and 8 and carboplatin (10mg/kg 1V) on day 1 in cats and dogs,
respectively, with carcinomas from different origins. The former found Gl toxicity in 4 out of 14 cats (28.6%) while the
latter observed mild to moderate severity and self-limiting Gl signs in 27 out of 37 dogs (73.0%). Although both studies
reported higher rates of Gl adverse events, compared to the findings of the current study, they administrated gemcitabine
twice totalizing 4mg/kg for cycle whereas 3mg/kg was used once for each chemotherapy cycle in the present research.
Using carboplatin and gemcitabine combination every 21 days, McMahon et al. (2011) observed 17 episodes of grade 1
or 2 Gl toxicity in 26% of dogs (n = 13/50), including anorexia, nausea, diarrhea, and vomiting. The Gl toxicity signs
management with diet adjustments, antiemetic (ondansetron), and proton pump inhibitor (omeprazole) was performed
according to Gustafson and Bailey (2020) recommendations.

Given the prophylactic medication, the vomiting low rate might be due to ondansetron prescription. It means that
the incidence and degree of Gl toxicosis may be underestimated in the current study. Nevertheless, Dominguez et al.
(2009) also used concurrent metoclopramide as prophylactic antiemetic medication in 22 of 37 dogs and found Gl
toxicosis in 27 animals (73%, n = 27/37), which is considerably higher than the results of the present study. This could
be related to gemcitabine only once administered in the present protocol or even to ondansetron superiority over
metoclopramide as an antiemetic for dogs receiving chemotherapy. Metoclopramide had no effect on either vomiting or
nausea for dogs treated with cisplatin while 5-HT3 receptor antagonist ondansetron demonstrates greater antiemetic and
anti-nausea efficacy over metoclopramide and maropitant (Kenward et al., 2017).

Less frequent adverse events have been reported in humans by some authors, such as acute myocardial infarction,
skin rash, thrombosis, or pulmonary embolism (Fidias et al., 2008; Lee et al., 2009), pulmonary toxicity (Baig et al.,
2019), neurotoxicity (Joerger et al., 2002; McWhinney et al., 2009), skin fibrosis (Hashimoto et al., 2011), and skin
necrosis (Holstein et al., 2010), even though these effects were not observed in the current study.

Most veterinary patients enjoy a good quality of life while on chemotherapy treatment (MacDonald, 2009) as seen
in the present study. Therefore, anticipating and managing adverse events is essential to allow chemotherapeutic
administration modifications and improve the quality of life of dogs during treatment (Gustafson and Bailey, 2020).

Chemotherapy may fail due to unacceptable toxicity (Gustafson and Bailey, 2020). The knowledge of gemcitabine
and carboplatin doublet therapy main side effects in canine cancer patients, especially in a homogeneous group,
including same tumor (mammary neoplasm) and treatment objective (adjuvant therapy following mastectomy), is
essential on veterinary oncologist practicing. Understanding drug activity and chemotherapy toxicity, can help the
physician in treatment decision making and ensuring dog owners are appropriately educated as to the type and likelihood
of adverse events and planning for appropriate preventive and therapeutic protocols to manage them (Vail, 2009;
Gustafson and Bailey, 2020).

The lack of commitment of the owners with their animals' follow-up led to insufficient information collection
about disease-free intervals and overall survival time. Since we obtained the OST data of only two female canines (OST
= 1,125 and 1,797 days) and no further information, it is not possible to evaluate the efficacy of gemcitabine and
carboplatin doublet chemotherapy protocol in reducing disease recurrence and metastasis or increasing survival time.

The current prospective clinical trial had some limitations, including the small number of female dogs, evaluations
lasting until the third chemotherapy cycle without further monitoring of most dogs, administration of only one schedule
and dosage, and Gl toxicity probably underestimated due to prophylactic ondansetron therapy. Therefore, further long-
term follow-up studies aiming at survival time, therapeutic gain, maximum tolerated dose, biologically effective dose,
and dosing schedule to make these drugs combination use more effective and less toxic as possible are required.

Even though novel drugs are a great promise for cancer treatment in animals, optimizing the use of currently
already available agents might bring new benefits (Thamm and Gustafson, 2020). In this regard, both gemcitabine and
carboplatin are medications known for decades, but there is still a lack of information about these chemotherapeutic
agents association for use in dogs. The current study represented the first assessment of toxicity and safety of
gemcitabine and carboplatin given in combination for mammary cancer adjuvant treatment in female dogs.

CONCLUSION

The adjuvant chemotherapy protocol with gemcitabine and carboplatin combination was well-tolerated and safe in
female dogs with mammary cancer. Most hematological and Gl adverse events were considered mild to moderate, but
all self-limiting.
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ABSTRACT

The pharmacokinetic characteristics of the moxidectin-based drugs have been studied in the blood serum of animals
after a single oral administration of the drug at the therapeutic dose in form of syrup. The drug is intended to control
parasitic diseases of cats and dogs. The present studies on cats and dogs (drug administration and blood sampling)
were conducted in the experimental farm of Kurilovo, Russia, for three months. The study involved six dogs and six
cats, half breed, aged one to four years. The samples included six dogs (four male and two female) and six cats
(three male and three female), and groups were formed according to the principle of analog groups. The drug,
moxidectin, was orally administered once at the dose of 1.5 mg per one kg of animal’s weight. The active substance
of the drug was identified in the blood serum of animals by High-Performance Liquid Chromatography (HPLC) with
fluorescence detection. The result of the current study showed that based on the pharmacokinetics of moxidectin, the
concentration of the active substance in the blood serum after three hours reached 134.80-498.09 ng/ml in cats and
479.07-1459.40 ng/ml in dogs. The obtained results indicated that a single administration of the drug at the
recommended therapeutic dose could ensure the maintenance of therapeutic concentrations of moxidectin in the
blood, and accordingly, the protection of animals from parasites for up to 90 days.
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INTRODUCTION

Numerous studies have been performed on a comparative assessment of the pharmacokinetics of various macrocyclic
lactones. Macrocyclic lactones are natural avermectins produced by soil actinomycetes of the species Streptomyces
avermitilis, and they are structurally similar to milbemycins (produced by Streptomyces hygroscopicus) that possess a
wide spectrum of both nematicidal and insectoacaricidal activities. The most widespread macrocyclic lactones are
kindred; natural products include avermectin Bla and B1b, aversect-1, doramectin, milbemectin, as well as milbemycins
A3 and A4, and semi-synthetics are also used in products, such as ivermectin, eprinomectin, selamectin, lepimectin, and
moxidectin which are a nemadectin derivative (Platonova and Avsevieva, 2018; Jafarov et al., 2019).

The study on the effect of their pharmacokinetics on fat deposition in pigs showed an increased resistance of
moxidectin in the plasma of pigs having a normal diet, compared to those having a diet with an increased linoleic acid
content, while there were no differences in the pharmacokinetic of ivermectin among animals receiving maintenance or
normal ration (Craven et al., 2002). The decreased rate of fat deposition affected the pharmacokinetic location of highly
lipophilic drugs like moxidectin, but did not affect the pharmacokinetic location of the less lipophilic drugs, such as
ivermectin. Given the pharmacokinetic parameters for the parent molecules, the persistence of doramectin and
moxidectin is significantly longer than that of ivermectin, which may positively influence their efficacy after
subcutaneous injection, associated with an interval among doses (Oukessou et al., 1999; Sallovitz et al., 2003; McCall,
2005; Al-Azzam et al., 2007; Gokbulut et al., 2010).

The pharmacokinetics of moxidectin was proportional to the doses used in previous studies (3 to 36 mg per person)
and a long half-life was noted on average as 20-35 days. Thus, the results have shown that moxidectin is safe and well-
tolerated by the body at doses ranging from 0.05 to 0.6 mg/kg. It is noted that moxidectin in liquid dosage form reaches
its maximum concentration in blood plasma faster than tablets by 0.9 hours (Cotreau et al., 2003, Korth-Bradley et al.,
2012). Regarding a recent study on the pharmacokinetics of moxidectin in Gelmintal Syrup on cats and dogs at single
administered at a dose of 0.3 mg/kg, it was found that the maximum moxidectin concentration in blood of cats reached
9.3 ng/ml after 3 hours of drug administration, dropped to 3.0 ng/ml by 24 hours, and remained at 1-3 ng/ml up to 720
hours (Arisov et al., 2016a). In another study addressing the effect of the drug on dogs, a similar procedure was
observed. The maximum concentration was reached three to six hours after the administration (once at a dose of 0.3
mg/kg) (75.1 ng/ml), and by 24 hours, it decreased to 12-16 ng/ml and remained in the range of two to five ng/ml
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throughout the study (Arisov et al., 2016b). Although many studies on the pharmacokinetics of moxidectin have been
conducted worldwide, the presence of this substance in therapeutic concentrations in the serum of domestic carnivores
for such a long time as 90 days has not been studied. The present study aimed to investigate the pharmacokinetics of
moxidectin in the blood serum of dogs and cats after a single application of the drug ‘“Neoterica Protecto syrup” at the
recommended therapeutic dose of 1.5 mg/kg for 90 days.

MATERIALS AND METHODS

Ethical approval

When the experiment was being designed, the involved researchers were guided by the principles of humane
treatment of experimental animals according to the European Convention for the Protection of Vertebrate Animals Used
for Experimental and other Scientific Purposes (ETS 123). Animal handling was controlled according to directive
2010/63/EU of the European Parliament and the European Union Council dated 22 September 2010 on the protection of
animals used for scientific purposes.

Experimental groups

The experiment involved six mongrel dogs (four males and two females) aged one to five years weighing 9.3-14.7
kg, and six mongrel cats (four males and two females) aged one to five years weighing 1.5-4.5 kg. The animals were
kept in nursery conditions, and had not received any chemotherapeutic drugs (30 days before the study), and were
clinically healthy (Guidelines for the examination of medicines, 2013).

Sample collection

To study the pharmacokinetics of moxidectin in the body of cats and dogs after the administration, the drug was
individually administered orally in a single dose of 1.5 mg per one kg of animal’s weight. Blood samples were collected
from the internal femoral vein or the anterior saphenous vein of the forearm with sterile needles directly into special
tubes. Two ml of blood samples from the cats and 2-5 ml from the dogs were taken before the drug administration, and
this procedure was repeated after 3, 6, 12, and 24 hours as well as 3, 6, 10, 20, 45, 60, 75, and 90 days. At each study
period, blood samples were taken from six cats and six dogs (Guidelines for the examination of medicines, 2013).

Blood samples were collected in cipher-marked polymeric disposable tubes without a coagulation activator. At
least 1 ml of the serum samples was separated and taken into cipher-marked Eppendorf tubes, and the serum samples
were frozen. All samples were stored in a freezer at a temperature of -30°C until the initiation of the study. The main
parameter that was identified during the study was the moxidectin content in the blood serum. The pharmacokinetic
parameters of the active substance in the body of cats and dogs were calculated (using the PKSolver - a program that
includes a formula for calculating) based on the obtained results (Alvinerie M. et al., 1995, Zhang Y. et al., 2010).

Methodology of experiment

The concentrations of moxidectin in the serum samples of cats and dogs were measured using a validated
technique. The stability and correctness of the measurements were monitored by adding them to the analytical run of
calibration standards for comparison and blank samples of bioactive matrices, and control samples were prepared based
on blood serum free of any analyte. The analyte and internal standards were identified by comparing the peak retention
times of these components. To determine the retention times, the obtained extracts were processed according to the
procedure for preparing blood serum samples containing specified concentrations of moxidectin and internal standards.

When obtaining calibration graphs for moxidectin, linear interpolation with an intercept was used (y: kx+b) with
the balance 1/x depending on moxidectin concentration (Cyx) in blood. To calculate the concentrations in the studied
blood serum samples, the equations obtained for the trend line of the calibration graphs were utilized by extracts of the

blood serum sample model:
SMox
=Mox _p
C . _SIs
Mox * k ’

Where, k is a slope coefficient of the calibration function and b denotes an intercept of the calibration function.

Equipment

The utilized pieces of equipment in the current study included Shimadzu AUW?220D laboratory balance
(Shimadzu, Japan), Shimadzu LC-20 Prominence chromatographic system (Shimadzu, Japan), Kromasil 100-3.5-C8
chromatographic column 3.0 x 150 mm (Nouryon, Netherlands), Kromasil 100-3.5-C8 pre-column 2.1x10 mm
(Nouryon, Netherlands), Biosan Vortex V-1Plus Vortex (BioSan, Latvia), SNOL 58/350 low-temperature electric oven
(drying oven) (SNOL-THERM, Russia), SNOL 7.2/900 laboratory electric furnace (muffle furnace) (SNOL-THERM,
Russia), Sartorius mechanical dispensers (Sartorius AG, Germany), Eppendorf 5418 centrifuge (Eppendorf, Germany).
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Statistical analysis

The results were statistically processed using Microsoft Excel, 2013. The Descriptive statistics of the obtained data
included finding the mean values, and relative standard deviations from the mean, and standard errors in Microsoft
Excel. The pharmacokinetic parameters were calculated using the PKSolver program (add-in for Microsoft Excel)
(Zhang et al., 2010). Figures were made using MS Excel and Shimadzu LabSolutions programs.

RESULTS

The results of studying the pharmacokinetics of moxidectin in the blood serum of cats and dogs have shown that
moxidectin is rapidly absorbed from the gastrointestinal tract, and its concentration reaches its maximum values by three
hours in both cats and dogs. Maximum moxidectin concentrations in the serum ranged from 136.211 to 467.116 ng/ml in
cats and 491.861 to 1370.217 ng/ml in dogs. Then, the active substance concentration in the blood serum of animals
decreased and was determined by 90 days after the administration in the range of 1.310-2.603 ng/ml and 1.268-2.821
ng/ml in cats and dogs, respectively. Moxidectin concentrations were identified in the blood serum of all animals on day
90 and were above the lower limit of quantitative determination (1 ng/ml).

The pharmacokinetic parameters of moxidectin were calculated using the PKSolver (Zhang et al., 2010), and are
presented in tables 1 and 2. Changes in the moxidectin concentration in the cats involved in the experiment are shown in
Figure 1. The figure shows the mean values of observed concentrations and interpolation lines obtained as a result of
applying the model hypothesis of the moxidectin distribution using an approximant in the approximation of a two-
compartment model of the active substance distribution. In addition, marked confidence intervals (Cl = 0.95)
characterized the variability of individual concentrations.

The volume of distribution is a hypothetical volume of body fluid required to evenly distribute the entire
administered dose at a concentration similar to that in blood plasma. High volume of distribution indicated that a drug
actively penetrates into biological fluids and tissues. If a drug is actively bound, for example, by adipose tissue, its
concentration in the blood can almost instantly become very low, and the volume of distribution will reach several
hundred liters, and exceed the actual amount of body fluids. In this regard, it is also called as apparent Volume of
Distribution (Vss). In the present study, Vss averaged 0.0972 ng/ml in cats, and 0.019428 ng/ml in dogs. Total body
clearance is the amount of plasma or blood that is completely cleared of a drug in a time unit. Due to the fact that the
main excretion routes are the kidneys and the liver, and the total body clearance is the sum of renal and hepatic
clearance. The main physiological factors that determine clearance are functional state of the main physiological systems
of the body, blood supply volume, and blood velocity in the organ. As a result of the studies, CL averaged 0.000093
(ng/ml)/h in cats, and 0.000084 (ng/ml)/h in dogs. A half-life is the time required to reduce the drug concentration in
plasma by 50%. Fifty percent of a drug is excreted from the body in almost one half-life period, 75% in two periods, and
87% in three periods, etc. In the current study, the half-life (t,,) averaged 935 hours (39 days) in cats, and 1096 hours
(45 days) in dogs.

Table 1. Pharmacokinetic parameters of moxidectin in the blood serum samples of cats after a single oral administration
of the drug at a dose of 1.5 mg/kg within 90 days

Parameter Cat number Mean RSD
1 2 3 3 5 6 (%)

tu, h 1548241 7372320  1113.7695 6458868 4169375 11487031 935128  43.95
Tmax, 1/h 3 3 3 3 3 3 3 0
Cmax, ng/ml 136211 289.563 467.116 405.359 376.221 168924  307.232 4333
Co, ng/ml 0 0.018 596.61265 0.065 0.054 0.040 00378 64.49
Clast /Cmax 001082 0006613 00028515 0006421 0003817 0007754 000637 4471
nAgl/ﬁO;:'h 8608.841 1290437 20845367 2088220  20797.35 896415 153512  38.38
'r?glfrgf*;] 1190122 1494117 22985664  23307.73 2166113 11135119 175062 3134
AUC o /0-inf 072335 0863678 09068855  0.895935 0960123  0.805034  0.0835 9.72
nAglfME&"”f’ 1941475 1334016 15238660 1680769 1017160 13441464 1473572 2165
MRT, h 1631.323  892.8460  662.96405 7211200 4695784 12071235 9353 44.93
Vz,(ng/ml) 0281522 0106779  0.1048586 0059968  0.041654  0.223243 01370  69.25
CL, (ng/mlyh 0000126 0000100 0000065 0000064  0.000069 0000134 0000093  33.34
Vs, (ng/ml) 005607 0089636 00432637 0046408 0032517  0.162610 00972  73.25

RSD: Relative standard deviation; ty,: Drug elimination time from the body by biotransformation and excretion of 1/2 of the administered or received
and absorbed dose; Tmax: Time to reach the maximum concentration of the active substance; Crax: Active ingredient maximum concentration; Clast: last
measured concentration of a substance; AUC,.: Area under the curve “active substance concentration-time” in the time frame from 0 to the moment (t)
of the last biomaterial sampling; AUCq.ins: Area under the curve “active substance concentration-time” in the timeframe from 0 to co; AUMCo.ins: Area
under the curve “product of time and drug concentration”; MRT: The average substance retention time in the systemic circulation; Vz: Distribution
volume - the ratio of the total content of a substance in the body to its serum concentration; CL: Clearance or extraction coefficient - an indicator of the
of a substance excretion rate from the body; Vs: apparent volume of distribution at equilibrium.
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Table 2. Pharmacokinetic parameters of moxidectin in the blood serum samples of dogs after a single oral administration
of the drug at a dose of 1.5 mg/kg within 90 days

D b

Parameters 09 humber Mean RSD (%)

1 2 3 4 5 6
twz () 957.773 1703.632 1508.1140 1343.670 462.827 599.555 1095.928 45.93
Tmax (1/h) 3 3 3 3 3 3 3.0 0
Cmax (ng/ml) 887.536 1058.026 1129.64 1370.217 521.31 491.861 909.765 38.34
Clast /Cmax 0.001428 0.001901 0.0022219 0.001577 0.004120 0.005735 0.002830 60.92
'(Ar\g/(r:n(l)’:h) 28585.27 34217.60 42851.047 38523.5 33635.9 44936.0 37124.88 16.57
'(Ar\g/(r:r?lth) 30337.36 39162.73 48312.176 42712.64 35070.16 47376.10 40495.19 17.38
AUC ¢./0-inf 0.942246 0.873728 0.8869616 0.901923 0.959103 0.948495 0.91874 3.88
AUMC 0-inf
(ng/mi*h?) 13025019  31274176.1 34442217 26415797.8  19667710.9  27823896.3 25441469 30.90
MRT (h) 429.3392 798.5696 712.90966 618.4538 560.8104 587.2981 617.896 20.65
Vz, (ng/ml) 0.068320 0.094138 0.0675528 0.068077 0.028559 0.027386 0.059005 44.21
CL (ng/ml)/h 0.000049 0.0000383 0.000310 0.0000351 0.0000427 0.0000316  0.000084 130.9
Vss (ng/ml) 0.021228 0.030586 0.0004596 0.021719 0.023986 0.018594 0.019428 52.19

RSD: Relative standard deviation; ti: Drug elimination time from the body by biotransformation and excretion of 1/2 of the administered or received
and absorbed dose; Trmax: Time to reach the maximum concentration of the active substance; Cma: Active ingredient maximum concentration; Clast: last
measured concentration of a substance; AUC,.: Area under the curve “active substance concentration-time” in the time frame from 0 to the moment (t)
of the last biomaterial sampling; AUC.ins: Area under the curve “active substance concentration-time” in the timeframe from 0 to co; AUMCy.ins: Area
under the curve “product of time and drug concentration”; MRT: The average substance retention time in the systemic circulation; Vz: Distribution
volume - the ratio of the total content of a substance in the body to its serum concentration; CL: Clearance or extraction coefficient - an indicator of the
of a substance excretion rate from the body; V: apparent volume of distribution at equilibrium.

Bioavailability is the part of a drug dose that reaches systemic blood after its extravascular injection. The
bioavailability can be absolute and relative, and is defined as the ratio of Area Under Curve (AUC) values. The area
under the concentration time curve is an integral parameter proportional to the total amount of a drug in the systemic
blood (Kukes, 2009). The maximum concentration characterizes efficacy and safety of a drug, and its values should not
go beyond a therapeutic range. The time-to-peak concentration with a "concentration - effect” linear relation allows to
estimate the time of the maximum effect of a drug (Belolipetskaya and Sukhanov, 2005). The present study found that
time to reach the maximum concentration of the active substance in all animals was 3 hours, and active ingredient
maximum concentration of moxidectin averaged 307.232 ng/ml in cats, and 909.765 ng/ml in dogs.

One of the main factors that determines the effect of a drug is its concentration in the receptor area. Such
concentration is determined rather difficult, therefore, in practice, drug concentration values in the blood plasma are used
to describe processes that occur with such drug in the body. The movement of a drug in the body is usually depicted as a
concentration time curve which is the dependence of the concentration of a drug or its metabolite in blood plasma on the
time after drug administration.
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Figure 1. Dynamics of changes in the moxidectin Figure 2. Dynamics of changes in the moxidectin
concentration in the blood serum of the cats as a result of ~ concentration in the blood serum of the dogs as a result of
oral administration of the drug “Neoterica Protecto syrup” oral administration of the drug “Neoterica Protecto syrup”
at a dose of 1.5 mg/kg at a dose of 1.5 mg/kg
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DISCUSSION

According to the literature, when studying the metabolism of moxidectin in various animal species after quantitative
determination by HPLC, the 14C-moxidectin metabolism was the highest in the liver microsomes of sheep (32.7%),
compared to cows (20.6%), deer (15, 4%), goats (12.7%), rabbits (7.0%), and rats (3.0%) while the smallest amount in
metabolism occurred in microsomes of pigs, that is 0.8% of the total amount of detected metabolites (Dupuy et al.,
2001). When studying the moxidectin distribution in tissues of cattle after a single subcutaneous administration, the
highest content of the residues was found in the abdominal fat and the back, and the lowest content was found in the
liver, kidneys, and muscles of the coupling (Zulalian et al., 1994).

Pharmacokinetic studies of moxidectin and ivermectin in horses showed a longer time for moxidectin presence, as
demonstrated by a fourfold increase in mean values of the time, compared to ivermectin and longer time and higher
concentrations of moxidectin, compared to ivermectin explain the longer anthelminthic effect of drug Equest
(moxidectin) (Perez et al., 1999).

When studying the comparative kinetics of macrocyclic lactones 80 days after treatment of cattle, metabolites were
found in the plasma as 5.75% of doramectin, 8.50% of ivermectin, and 13.8% of moxidectin of the total amount of their
respective parent drugs excreted in plasma (Lanusse et al., 1997).

The studies by Belykh (2020) have indicated that moxidectin after being applied externally in the form of a
solution is well absorbed into the systemic circulation of animals and reaches a maximum concentration after 4-10 days,
and it also reaches significant concentrations of moxidectin in the blood serum of cats and dogs determined within 28
days after a single application. Regarding the pharmacokinetics of the active substances of Gelmintal Tablets
(praziquantel and moxidectin) after oral administration, it was found that moxidectin remained in the blood of animals
for 25 days (Arisov et al., 2016b).

Based on literature data of other authors and on the current research, it can be concluded that a lipophilic substance,
moxidectin, reaches its maximum concentration at three hours after being administered orally in a high dose of 1.5
mg/kg, and begins to accumulate in adipose tissues of the animal body in large quantities, which explains the low level
of apparent volume of distribution (Vss). Subsequently, considering a high level of metabolism in the liver, moxidectin
is gradually released from fat depot into the blood plasma of animals, which ensures that the drug concentrations
maintained at a therapeutic level for such a long time (up to three months).

The present study has confirmed the long-term presence of moxidectin in the blood serum of animals after a single
oral administration of Neoterica Protecto Syrup in the minimum therapeutic dose (1.5 mg of moxidectin per 1 kg of
animal weight). The results of this study showed that moxidectin was rapidly absorbed into the blood of animals after
three to six hours reaching the maximum concentrations, and was found by the end of the experiment in the blood serum
of animals, which indicates its long-term therapeutic effect up to 90 days. Based on the results obtained, it can be
concluded that the maintenance of therapeutic concentrations of moxidectin for 90 days should ensure the protection of
animals from ectoparasites and nematodes. To confirm this hypothesis, further clinical studies of the drug “Neoterica
Protecto syrup” are needed when used for the treatment and prevention of parasitosis of cats and dogs on target animal
species for 90 days. However, given that a therapeutic dose of moxidectin is quite high compared to other similar drugs
used for animals, studies of toxicological properties of the drug and its tolerance in target animal species at increased
therapeutic doses are necessary. Furthermore, allergic reactions, severe renal failure, and acute liver disorders are listed
as contraindications of moxidectin. When studying the efficacy, the drug must not be used for depleted, sick, or infected
animals, as well as animals weighing less than 2.0 kg. Consideration should be given to the poor tolerance of collies,
bobtails, Shetland sheepdogs, and other breeds that are sensitive to macrocyclic lactones, and treatment of animals
should be supervised by a veterinarian.

CONCLUSION

The study of pharmacokinetics is mainly based on the assessment of the active substance concentration at certain points
in time after the application of the drug. Blood is the main object of research. The study of the drug concentration in the
blood provides information on the drug circulation time in the body, drug bioavailability, the effect of concentrations on
the pharmacological effect, therapeutic and lethal dosage, and the dynamics of active or toxic metabolites formation.

As a result of moxidectin pharmacokinetics study after a single use of an antiparasitic drug in syrup form at a
therapeutic dose of 1.5 mg moxidectin per one kg of animal weight, it was found that active substance concentration in
the blood serum has respectively reached levels of 136.211 - 467.116 ng/ml and 491.861-1370.217 ng / ml in cats and
dogs in three hours. The active substance remained present in the blood circulation of both species for at least 90 days
after the single oral administration of the drug. The findings indicated that a single administration of the drug at the
recommended therapeutic dose ensures the maintenance of therapeutic concentrations of moxidectin in the blood for 90
days. Accordingly, it should provide protection of animals against parasites during this period.
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