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Table 4. Top 5 KEGG signaling pathways of two comparisons

Sample KEGG Rich Factor P-Value Gene Number

Ribosome 0.4 0.02 48
Wnt signaling pathway 0.370 0.011 44

O Adherens junction 0.397 0.022 27
Butirosin and neomycin biosynthesis 1 0.029 5
Hedgehog signaling pathway 0.4 0.05 18
Ribosome 0.375 0.003 45
Wnt signaling pathway 0.361 0.007 43

RS Adherens junction 0.382 0.018 26
Hedgehog signaling pathway 0.422 0.019 19
Butirosin and neomycin biosynthesis 1 0.023 5

Fig 4. Interaction network of highly
differentially expressed miRNAs and
their potential targets. In this network,
the target genes are displayed as red
circles, the upregulated miRNAs are
displayed as blue triangles, and the
down regulated miRNAs are displayed
as green arrows

(Table 4). According to the results of GO and KEGG analysis,
we have identified key molecular players in the development
of chicken breast muscle. In order to further understand
the function of miRNA and their target genes, we focused
on some of the differentially expressed miRNA and mRNA
related with lipid metabolism, and a regulatory network
for miRNA-mRNA interaction was constructed (Fig. 4). In
total, 33 up-regulated miRNA-mRNA pairs, and 160 down-
regulated miRNA-mRNA pairs were identified. Among them,
FABP5 as a potential target may be down-regulated by
miR-3532-5p, this is the first discovery. EBP was the network
core gene, a total of 19 miRNA-mRNA pairs were found,
including gga-miR-1716, gga-miR-1751-5p and gga-miR
-6604-5p, etc.gga-miR-1716 was also targets BMP2, CRABP-,
KLF2 and KLF4. APOAT was targeted by 32 miRNAs,
including 7 up-regulated and 25 down-regulated miRNAs.
LPL was targeted by 7 down-regulated miRNAs, FAS was
targeted by down-regulated gga-miR-222b-5p and gga-
miR-1731-5p, and up-regulated gga-miR-6646-3p.

Validation of the miR-3532-5p Targeted FABP5 Gene

To verify the direct binding site between miR-3532-5p and
FABP5, a 3'UTR fragment containing a seed region binding
site was inserted into a psiCHECK-2 vector (Fig. 5-a,b).
Luciferase assays revealed that the luciferase reporter
activity of FABP5-3'UTR-WT was significantly repressed
by the miR-3532-5p mimic, while the luciferase activity
of FABP5-3'UTR-MUT was not changed (Fig. 5-c). Chicken
preadipocytes were transfected with miR-3532-5p mimics,
and the results show that overexpression of miR-3532-5p
extremely significant downregulated FABP5 mRNA expression
(Fig. 5-d). These results indicated that the predicted site of
FABPS5 is a target of miR-3532-5p.

Discussion

Small RNA sequencing technology based on the lllumina
high-throughput sequencing platform can directly assess
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miRNAs in samples and has been used to identify known
and predicted possible miRNAs 28, The emergence of this
method has greatly increased the discovery of new miRNAs.
Many miRNAs have been identified as being associated
with animal intramuscular fat deposition performance by
high-throughput sequencing "', but little is known about
miRNAs in chicken embryos associated with adipogenesis.

In this study, the breast muscles on ED 8 from RC and CB
were analyzed by high-throughput sequencing. To identify
differentially expressed miRNAs that may play important
regulatory roles in chicken meat quality, we compared
the expression levels of miRNAs in the embryonic muscles
of rose-crowned and Cobb broilers. A total of 842 known
miRNAs were identified, and 598 new miRNAs were
predicted. A total of 592 DE miRNAs were identified, of
which 321 in the CB group were upregulated, and 271 were
downregulated. MiRNAs areimportantregulatoryfactorsin
the process of fat deposition. Many of the miRNAs we have
screened have been shown to regulate the proliferation
and differentiation of adipocytes B°3", Previous studies
showed that miR-128-3p inhibits the differentiation and
generation of 3T3-L1 adipocytes by targeting PPARG and
Sertad2 B2, Overexpression of miR-199a-5p promoted the
proliferation of preadipocytes, and it was found that miR-
199a-5p plays a role in the proliferation and differentiation
of preadipocytes by downregulating the expression of
Cav-153.Therole of miRNA is mainly achieved by regulating
the expression of target genes. In this study, miRanda and
RNAhybrid were used to obtain 120,666 potential target
genes for the differentially expressed miRNAs. MiRNAs
affect cell signaling pathway transmission by regulating
key genes in the signal transduction pathway to indirectly
regulate adipocyte differentiation. The GO results show
that the target genes are mainly concentrated in biological
processes such as biological metabolism, cellular component
biosynthesis, cell proliferation and differentiation, and

embryonic development. Based on the GO annotation
classification, KEGG pathway enrichment analysis was
performed on the predicted target genes, and the results
showed that a total of 5 signaling pathways were
significantly enriched, of which the Wnt signaling path-
way and the Hedgehog signaling pathway have been
confirmed to play an important role in fat metabolism.
According to the gene functions and their signaling
pathway, we identified some candidates that affect fat
formation and differentiation, including the FABP gene
family, FAS, APOAT, and LPL.

In understanding the function of miRNA and its target
genes and constructing a regulatory network of miRNA-
mRNA interactions, miR-3532-5p may be an important
regulator of intramuscular fat formation. Liu et al. showed
that miR-3532 s closely related to the chicken reproductive
process and ovarian steroidogenesis ®%. Wang et al.*
mentioned that miR-3532 is a miRNA that is differentially
expressed by chicken lung and trachea, but no further
study on its target genes or its function was performed.
To our knowledge, no previous studies have associated
gga-miR-3532-5p with chicken IMF deposition. We used
miRanda and RNAhybrid software to predict target genes,
and we found that FABP5 may be a target gene of miR-
3532-5p. As a lipid carrier, FABP5 is specific for the binding of
fatty acids, preferentially binding long-chain unsaturated
fatty acids and long-chain saturated fatty acids. It plays a
vital role in triglyceride synthesis, fatty acid transport, and
fat metabolism B¢37), FABP5 is also a key gene in the PPAR
signaling pathway, which promotes adipocyte growth
and differentiation by regulating PPARS signaling ©2l.
Ma et al.?¥ found that the activity of preadipocytes in the
induction of differentiation into adipocytes decreased when
the FABP5 gene was knocked out, and the expression
of PPARy and (/EBPa genes associated with adipocyte
differentiation was downregulated. This result indicates



250
High-throughput Sequencing Analysis of miRNA ...

Preliminary Report

that FABP5 is an important factor influencing the activity
and differentiation of preadipocytes. Previous studies
have shown that the FABP5 gene is closely related to fat
deposition in pigs, and its polymorphic locus has an
important effect on intramuscular fat content in chickens #.
In our study, dual-luciferase assays and qRT-PCR confirmed
the targeting relationship between miR-3532-5p and
FABPS5. It is speculated that gga-miR-3532-5p participates
in the process of intramuscular fat formation in chicken
embryos by inhibiting the expression of the FABP5 gene,
which may be an important regulatory factor affecting the
differences in meat quality and flavor between RC and CB.

In conclusion, our study successfully constructed a miRNA
library of embryonic breast muscles from RC and CB
chickens and identified miRNAs that are associated with
chicken quality. GO and KEGG analyses were performed
to investigate the functional roles of these miRNAs. We
constructed an interaction network of these miRNAs and
their putative targets that may affect chicken breast
meat quality. Furthermore, our study presents evidence
that miR-3532-5p target FABP5, thereby participating
in the process of intramuscular fat formation in chicken
embryos. Our results lay the foundation for future analysis
of the regulatory mechanism of miR-3532-5p in chicken
intramuscular fat deposition. The results of this analysis
provide new information that may be applied to further
studies of the molecular regulatory mechanisms involved
in the different meat quality traits exhibited by chicken
embryos.
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Abstract

Newcastle Disease (ND) was ranked as a List A and trade limited disease by the World Health Organization. It is one of the deadly diseases of
domestic and zoo birds especially pheasants that are highly susceptible species to Newcastle disease virus (NDV). This study was designed
to determine the humoral immune response (HIR) of thermostable NDV vaccine strain I-2 in same age pheasants. For this purpose, forty-five
pheasants of the same age were separated and placed in cages. Thermostable NDV I-2 vaccine was mixed with feed and administered through
oral route to the same age pheasants. HIR was detected using haemagglutination inhibition test (HI) and enzyme linked immunosorbent
assay (ELISA) on 0, 7, 14, 21* and 28™ days post-vaccination (DPV). Optimum geometric mean anti-NDV-ELISA (2380) and anti-NDV-HI
(Log27.5) antibodies titers were identified on 14" DPV. It was concluded that the oral administration of NDV I-2 strain is able to elicit a
protective immune response in pheasants. Moreover, the use of this novel vaccine technique at the same age of pheasants overwhelms the
attempt to catch these birds for single vaccination.

Keywords: Thermostable, Pheasant, Newcastle, ELISA, Vaccine

Halka Boyunlu Siiliin’de (Phasianus colchicus) Termostabil Newcastle
Hastaligi Asi Susu I-2'ye Karsi Humoral immun Yanitin Gelisimi

Oz

Newcastle Hastaligi, Diinya Saglik Orgiitiiniin A listesinde yer alan ve ticareti sinirlayan bir hastaliktir. Evcil ve hayvanat bahcesi kuslarinin,
ozellikle de Newcastle Hastaligi Virtistine (NDV) oldukga duyarli tiirler olan stiliinlerin 6limcal hastaliklarindan birisidir. Bu calisma, ayni yastaki
stltiinlerde termostabil NDV asi susu I-2'ye karsi sekillenen humoral immiin yaniti belirlemek icin tasarlanmistir. Bu amag dogrultusunda
kirk bes sultin ayrilarak kafeslere yerlestirildi. Yemle karistirilan termostabil NDV I-2 asisi, stlliinlere oral yolla verildi. Humoral immun yanit,
asilamadan sonraki 0., 7., 14., 21. ve 28. giinlerde (DPV) Hemagliitinasyon inhibisyon (HI) testi ve Enzim isaretli immiinosorbent Testi (ELISA)
kullanilarak tespit edildi. Optimum geometrik ortalama anti-NDV-ELISA (2380) ve anti-NDV-HI (Log27.5) antikor titreleri asi uygulamasini
takiben 14. giinde saptandi. NDV I-2 susunun oral yolla uygulamasinin sillnlerde koruyucu bir immun yanit olusturabilecegdi kanaatine
varildi. Ayrica, ayni yastaki stilinlerde kullanilan bu yeni asi uygulama teknigi, asilama sirasinda bu kuslarin tek tek yakalanma girisimlerinin
Uistesinden de gelmektedir.

Anahtar sézciikler: Termostabil sus, Stiliin, Newcastle Hastaligi, ELISA, Asi
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INTRODUCTION

Small population of ring-necked pheasant (Phasianus
colchicus) is bred as a game bird in Asia. They are primarily
bred in various parts of Europe, America as a game bird. It
belongs to family Phasianidae genus order Galliformes and
subfamily Phasianinae "\. Males are dominant, long tails
and extremely decorated with bright colors as compared
to females. Ring-necked pheasant may serve as biological
indicator for the study of wildlife species and ecosystems
fitness 2. Fifty two species are present worldwide and
six of these species are found in Pakistan. Most of the
species are known to be endangered due to hunting
and susceptibility to various diseases such as Newcastle
disease (ND). Hunters choose this bird because of its higher
quality of meat (high essential amino acid, fatty acids
and low fat profile) as compared to ducks, broilers and
geese B, Newcastle disease has been identified as one
of the most pathogenic diseases of birds worldwide 2.,
This disease affects approximately two hundred fifty species
of birds and results in high morbidity and mortality that
may pose significant economic losses and limit trade and
embargoes ®'", Ring-necked pheasants are more susceptible
to ND virus and the virus often causes death ['?. The main
causative agent of ND in pheasants is avian paramyxovirus
serotype 1 (APMV-1), which belongs to the Paramyxoviridae
family and the Avula virus genus ™. It is a negative sense,
enveloped, non-segmented and filamentous RNA virus
with a genome size of 15.2 kb "%, Contamination of feed
and water with NDV containing bird’s droppings is the
main reason for the spread of this disease to healthy
pheasant !, Flying birds, such as doves and pigeons, are
also capable of spreading this virus to nearby pheasants and
are primarily responsible for many recent epidemics %71,
Pheasants of all ages are susceptible to NDV and the
average incubation period of NDV is 5-6 days "®. The
clinical signs and symptoms of pheasants infected with
ND depend on many factors, including age, host immune
status, virus strain and environmental conditions ', Many
clinical symptoms of pheasants have been observed, such
as white green diarrhea, head shaking, lack of appetite,
reduced egg production, sneezing, coughing and trouble
in breathing. In pheasants, mortality rate can easily reach to
100% since pheasants are known to have higher morbidity
and mortality during the ND epidemic 2%, The control of
Newcastle disease in pheasant reduced the risk of spread
to commercial poultry ", In addition to biosecurity steps,
vaccination is the most effective method to control the
disease. There are two important concerns related to the
vaccination of flying birds. First, if the cold chain system
is not adequately managed when delivered to end users in
warehouses and drug stores, the consistency of commercially
available NDV vaccines would typically degrade rapidly.
Secondly, administration of vaccines is very difficult in
wild birds ?2. To counter these issues, Thermostable NDV
vaccine has been prepared, and can be administered by
mixing with feed, so there is no need to capture birds for

vaccination.Thermostable vaccine is a promising approach
to control ND in pheasants as this vaccine maintains its
efficacy at 28°C for 6-8 weeks and at 4-8°C for 1 year.

MATERIAL AND METHODS
Ethical Statement

The experiment was conducted under the regulations
stipulated by the Independent Ethics Committee of the
University of Veterinary and Animal Sciences, Lahore,
Pakistan (Number of bio-ethical committee letter is ORIC
1749, 1.6.2020).

Study Area

The experiment was performed at Safari Zoo Lahore. The
Park was established in 1982 and spreads over 242 acres.
The park contains the country’s largest walkthrough aviary.

Source of NDV Vaccine Strain

The thermostable NDV I-2 strain was obtained from the
Department of Microbiology, University of Veterinary and
Animal Sciences, Lahore.

Preparation of Vaccines
- In Ovo Propagation of Thermostable NDV

Five hundred (nine-day old) chicken embryos were
procured from well reputed hatchery and transferred to
an incubation facility available at Vaccinology Laboratory
of the Department. Candling of embryos were done for
evaluating livability of the embryos followed by proper
labeling and documentation. After thorough scrubbing
of egg shells using 70% ethanol, air sac was marked using
lead pencil. A bore was made in few centimeters above
air sac of egg shell of each embryo for inoculation of 0.1-
0.2 mL of thermostable NDV strain (0.1 mL) under sterile
environment. The bore was sealed using molten wax
and re-incubated at 37°C. Candling process was repeated
at 10t day after incubation and dead embryos were
discarded. While on day 11, remaining embryos were
transferred in refrigerator at 4°C for 6 h. The amniotic-
allantoic fluid was collected and stored at -20°C for further
processing 22,

- Titration of I-2 NDV Virus

Titration of -2 NDV was calculated by Egg infective dose
50 (EIDsy). Briefly, tenfold serial dilution of virus was made
from 102-10'°. The virus (0.1 mL) from each dilution was
injected into nine days old chicken embryonated eggs.
These eggs were incubated at 37°C for 24-72 h. The eggs
were chilled at 4°C overnight. Allantoic fluid was collected
from each egg and haemagglutination test was performed
to examine the presence of the virus. The live thermostable
ND virus was subjected to lyophilization for further use as
oral vaccine/mixing with feeds.
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- Sterility Test

Vaccine sterility was confirmed by culturing it on bacterial
and fungal media for the presence of any contamination.
For this purpose, 3 mL of vaccine fluid was centrifuged (500
xg)for 10 minand theresidue was streaked on nutrientagar,
MacConkey’s agar, blood agar, and Sabouraud’s dextrose
agar plates. Loop full sediment was also inoculated in
Frey’s modified medium for Mycoplasma. These plates
were incubated at 37°C for 48 h except Sabouraud’s agar
and Frey’s medium. The Sabouraud’s agar plates were
incubated at 25°C in a humid chamber and Frey’s medium
plates were incubated for 7-10 days at a 37°C. All the plates
were observed for microbial contamination .,

- Safety Testing

After the vaccine was proved to be sterile, each batch of
vaccine was inoculated in 4-5 day-old 20 chickens through
drinking water. The inoculated chickens were monitored
for any pyrogenic effect, vaccine shock and/or vaccinal
reaction.

- Experimental Design

Forty-five ring-necked pheasants of same age were
separated from other birds at Safari Zoo Lahore. The birds
were examined for antibodies against NDV and those
which were found to be seronegative were included in the
study. These birds were kept under standard management
conditions. The forty-five pheasants were separated into
three groups (G1, G2 and G3), fifteen pheasants in each.
5 mL of fresh, sterilized and non-chlorinated water has
been added to the lyophilized NDV I-2 vaccine bottle
(UVAS-CASTLE VAC) containing 10° Egg Infective Dose
50 per chicken. This viral suspension was further diluted
in 50 mL water. The vaccine suspension was sprayed on
feed (15 mL per 150 g of feed) and mixed thoroughly.
Then, this vaccine treated feed (150 g) was spread on a
clean cloth and fifteen pheasants from G1 were allowed
to eat until the feed finished. Therefore, each pheasant
ate approximately 10 g of vaccine coated feed. G2 was
vaccinated with commercially available thermolabile NDV
LaSota vaccine (Intervac Pvt. Ltd) as a positive control.
The G3 was kept as a negative control (phosphate buffer
saline) in the complete experimental design. Pheasants
of each group were caged separately. The pheasants
were checked daily two times (morning and evening)
throughout the whole experiment to observe for any
abnormal behavior 324,

- Collection of Samples

Blood samples (2-3 mL) form each group were collected
directly from brachial vein in sterile blood collection
tubes. Samples were transported to Quality Operations
Laboratory, University of Veterinary and Animal Sciences,
Lahore and stored at -80°C for further use in serological
tests.

- Serological Test to Determine Humoral Imnmune Response

The HIR in terms of anti-NDV antibodies were determined
through Haemagglutination inhibition (HI) test and Enzyme-
linked immunosorbent assay (NDV ELISA Kit, IDEXX
Laboratories, Westbrook, ME) on days 0, 7, 14, 21 and 28
post-vaccination (DPV).

Statistical Analysis

The datafor Hland ELISA tests were analyzed by calculating
geometric mean titers (GMTs), mean+SD and through one-
way analysis of variance (ANOVA) followed by Tukey’s test
using SPSS software (version 20.0).

REesuLTs

In the present study, single feed mixing NDV I-2 vaccine
developed protective antibody response in same age
pheasants after seven days of post vaccination. Two main
serological tests, HI and ELISA, were used to evaluate
antibody titers. The outcomes of anti-NDV-ELISA antibody
titers at 0, 7, 14™, 21*, and 28" days of post-vaccination
have been depicted in Table 1. Two means of UVAS-CASTLE
VAC and LaSota NDV are significantly different from each
otherevenatday0.In G1, maximum ELISA geometric mean
antibody titers Log, was accomplished at day 14, e.g., 2380
as followed in G2, i.e., 1867, respectively. The geometric
mean ELISA antibody titers Log, were significantly higher
(P<0.05) in G1 as compared to G2.The results of geometric
anti-NDV-HI antibody titers at 0, 7™, 14", 21%, and 28"
days of post-vaccination have been presented in Table 2.
Optimum geometric anti-NDV-HI antibody titers were
observed in G1 at day 14, e.g. 7.5 as compared to G2 i.e. 6,
respectively. These findings in contrast with the outcomes
from the earlier studies, pheasants were vaccinated with
commercially available NDV LaSota vaccine and humoral
immune response was evaluated on the basis of agglutinin
titer. Anti-NDV antibodies were found up to 75% of birds.
Booster dose was given at 21t day of post vaccination, and
then antibodies were depicted in all experimental birds 53,
Similar contrast findings were reported when ring-necked
pheasants were vaccinated with different strains of
Newcastle disease virus such as Ulster, B1 and LaSota. No
maternally derived antibodies were detected at seven days
of age. First protective antibodies response was observed
at 10™ day of post vaccination. Booster dose was given to
maintain antibody titer against NDV up to 94 days of age.

The results of this project have shown that the use of
UVAS-CASTLE VAC (Thermostable NDV [-2 strain) vaccine
in pheasants is effective, immunogenic, economical and
feasible, and leads to a protective immunogenic response.
This may prevent the transmission of NDV into other birds
especially poultry birds. Furthermore, administration of
oral vaccine in feed to the same age free range pheasants
overcomes the individual catching hurdles of these birds
during vaccination.
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Table 1. Comparative geometric mean anti-NDV-ELISA titer of G1 UVAS-CASTLE VAC (I-2 NDV strain), G2 LaSota NDV vaccine and G3 Negative control (PBS)

in ring-necked pheasant

ELISA Mean Antibody Titer (Days)
Group No. | Vaccination
0 7 14 21 28
G1 -2 NDV 1235+0.141 1796+0.346 2280+0.454 1960+0.379 1144+0.126
G2 LaSota NDV 1231+0.141 1523+0.237 1767+0.354 1680+0.335 1144+0.126
G3 Negative Control (PBS) 1231+0.141 1120+0.134 1061+0.097 1064+0.099 1079+0.111

The anti-NDV-ELISA titer pheasant vaccinated with NDV 1-2 vaccine in G1 was significantly higher as compared to that pheasant G2 vaccinated with LaSota
vaccine during 7 to 28 days post vaccination (P>0.05); NDV (Newcastle disease virus); NC (Negative control); PBS (Phosphate buffer saline); D/W (Drinking

water); G (Group); ELISA (Enzyme-linked immunosorbent assay)

Table 2. Comparative geometric mean anti-NDV-H| titer of G1 UVAS-CASTLE VAC (I-2 NDV strain), G2 LaSota NDV vaccine and G3 Negative control (PBS)

in ring-necked Pheasant

HI Mean Antibody Titer (Days)
Group No. Vaccination Route
0 7 14 21 28
G1 I-2 NDV D/W 3.8+0.62 6.6+0.64 7.6+0.75 6.2+0.61 4.4+0.59
G2 LaSota NDV D/W 3.8+0.52 4.8+0.56 5+0.61 5.5+0.60 3.6+0.51
G3 NC (PBS) D/W 3.8+0.52 2.8+0.48 2.2+0.41 1.8+£0.34 1.2+0.30

The anti-NDV-HI titer pheasant vaccinated with NDV 1-2 vaccine in G1 was significantly higher as compared to that pheasant G2 vaccinated with LaSota
vaccine during 7 to 28 days post vaccination (P>0.05); NDV (Newcastle disease virus); NC (Negative control); PBS (Phosphate buffer saline); D/W (Drinking

water); G (Group); HI (Haemagglutination Inhibition test)

DiscussioN

ND is one of the most pathogenic diseases which
hampered the development of pheasant farming, if not
successfully controlled. This includes the development
of effective methods to combat this deadly disease. It
was difficult to immunize the free-range or uncaged
pheasants since conventional or old techniques were
developed for the use in commercial and domestic birds.
ND spread through contamination of feed and water with
NDV infected droppings. Moreover, flying birds have the
capability to transfer this virus among various species of
birds and mainly responsible for many epidemics in the
recent past 1, Pheasants are carriers of virulent Newcastle
disease virus strains. Hence, control of NDV in pheasant
by vaccination is necessary to control or minimize the
chances of the spread of ND in commercial birds 2>29], |t
was therefore the objective of this project to prepare a
thermostable NDV I-2 vaccine and evaluation of its efficacy
in flying birds like pheasants. For this purpose, 8-9 days old
chicken embryos were used to obtain maximum growth
of NDV I-2 strain. Similarly, thermostable NDV I-2 virus
has been grown in 8-day-old embryonic eggs in central
laboratories in the developing countries. These embryonic
eggs are not strictly pathogen-free, but are harvested
from a healthy poultry flock that is routinely evaluated
for main viral diseases such as ND .. Biological method
i.e. egg infective dose fifty (EIDs) for titration of NDV I-2
strain presented optimum titers 10° EIDs,/mL in the next
24 h of incubation, when grown in nine days old
chicken embryos. Similar findings were reported when

thermostable NDV 1-2 strain produced optimum titer
10° tissue culture infective dose 50 mL (TCIDs/mL), after
growing in Vero cell line ®. In other recent studies, when
NDV grown in 8-9 days embryonated eggs, 10® EIDs,/mL
titer has been detected %%l

The protective antibody titer is an indication of the good
quality of any vaccine . The Hl and ELISA tests were used
to evaluate the antibody titer in pheasant birds following
oral administration of the Thermostable NDV I-2 vaccine in
this study. The results of both tests showed that optimum
antibody titer was reached on day 14 after vaccination.
Statistically, the highest mean protective antibody titers
Log 2 was observed in G1 (P<0.05) as contrasted to G2. In
zoo birds, the antibody titer above =23 or 3 log; is intended
to be protective against virulent NDV in experimental
or field trials of chickens B% This protective antibody
titer may also be applied to wild birds such as pigeons
and pheasants BU. Similar consequences have been
documented in feral pigeons 52 and guinea fowls when
NDV I-2 strain vaccine was administered orally and mixed
with feed. Vaccine administration route has significant
effect on the production of protective antibodies titer. Eye
drop administration produced maximum protective titer of
antibodies as compared to other routes 2334, Ulster 2C NDV
strain produced low antibody titer as compared to LaSota
and B1 NDV strain 2%, Pheasants did not show any adverse
effect after oral vaccination in the present study. It was
concluded that the use of thermostable NDV vaccination
techniques in wild birds, particularly pheasants, led to a
reduction in the risk of transmitting of this horrible disease
from these birds to poultry birds.
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The present research concluded that the wild birds
particularly pheasants have highlighted the spread of ND
in commercial as well as rural poultry birds, therefore, they
are significant risk factors for ND epidemics. Vaccination
is the only way of preventing infectious diseases in the
world. Commercially available NDV vaccines are usually
thermolabile in nature and required a cold storage system
to maintain their shelf life. In developing countries like
Pakistan, where electric supply is a burning issue, it
provides a viable and effective alternative to combat ND.
In the future, we hope that the thermostable NDV I-2
vaccine will be much more widely used and implemented
and help to manage Newcastle disease more effectively in
the region.
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Abstract

This paper describes the diagnosis and treatment of a 5-year-old Standard Schnauzer dog admitted to the clinic due to a liver failure
and chronic bloody diarrhea. Based on the initial examination, no diagnosis could be made, therefore an endoscopic examination of
the gastrointestinal tract was performed. The endoscopy revealed a tumor within the ostium ileocaecocolicum. Unfortunately, shortly
after this procedure, a massive hemorrhage occurred, which led to the animal’s death. The necropsy confirmed the presence of the
tumor. The histopathological and immunohistochemical results of the collected specimens showed a neuroendocrine tumor (NET G1)
of the large intestine. In conclusion, gastrointestinal carcinoids in dogs are relatively rare and often misdiagnosed due to complex or
non-specific symptomatology.

Keywords: Dog, Imnmunohistochemistry, Large intestine, Neuroendocrine carcinoma

Bir Kopekte Kalin Bagirsak Noroendokrin Tumori

Oz

Bu makale, karaciger yetmezligi ve kronik kanli ishal nedeniyle klinige kabul edilen 5 yasindaki bir Standart Schnauzer képeginde
néroendokrin tiimér teshisini aciklamaktadir. ilk muayeneye bagli tani konulamadidi icin képegin gastrointestinal sisteminin
endoskopik muayenesi yapildi. Endoskopik muayenede ostium ileocaecolicum icerisinde bir timore rastlandi. Ne yazik ki, bu islemden
kisa bir siire sonra, hayvanin élimine yol acan buylk bir kanama meydana geldi. Otopside tiimoriin varligi dogrulandi. Alinan
orneklerin histopatolojik ve immiinohistokimyasal analizi sonucu, kalin bagirsakta bir nédroendokrin timor (NET G1) belirlendi. Sonug
olarak, kopeklerde gastrointestinal karsinoidler nispeten nadirdir ve karmasik veya spesifik olmayan semptomatolojisi nedeniyle
siklikla yanhs teshis edilirler.

Anahtar sézciikler: immunohistokimya, Kalin badirsak, Képek, Néroendokrin karsinom

INTRODUCTION

Neuroendocrine tumors (NETs) derived from the diffuse
endocrine system cells are rare cancers in both humans
and animals, including dogs ™. In most cases, they are
localized in the digestive tract, and over 50% of them are
carcinoids. Diagnosis of neuroendocrine tumors, including
carcinoid carcinoma, is challenging because of the atypical
set of disease symptoms and often the small size of the
active tumor, and the difficulty in detecting in medical
imaging ™. In our case, we describe a detailed diagnostic
procedure that leads to the diagnosis of the disease, i.e.
case history, and clinical examination.

CAasEe HisTorY

A miniature Schnauzer male five years old dog was
admitted to the Veterinary Office, in June 2017. The dog
(weight 11.2 kg) was diagnosed with liver insufficiency and
hypothyroidism. Despite the treatment with medicines
containing phospholipids, ornithine, silymarin, and the
hepatic diet, the results of laboratory tests were outside
the reference ranges. The blood tests presented by the
owner performed in another veterinary clinic showed the
following results: aminotransferase - alanine (ALT 236.3 U/L),
aspartate aminotransferase (AST 94 U/L), total protein
(TP 76.5 g/L), total bilirubin (BIL) 3.9 umol/L, urea (UREA
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8.62 mmol/L), free T4 (free thyroxine-fT4) 1.07 ng/dL,
cholesterol 7.39 mmol/L. The other biochemical blood
parameters did not differ from the reference values. The
general condition of the dog was good. The palpation
of the liver revealed an enlargement and slight pain.
The ultrasound examination (US) showed moderately
enlarged liver with mild remodeling features; liver edges
rounded without focal changes, gallbladder size around
1 cm, a smooth wall without visible stones and deposits,
bile ducts not dilated. The ultrasound image of the rest of
the internal organs was normal. The following treatment
was introduced: timonacic (Heparegen 100 mg, Jelfa Ltd.,
Jelenia Gora, Poland) 2 x 0.5 tablet, ursodeoxycholic acid
(Ursocam 250 mg, Polfarmex Ltd., Kutno, Poland) 1 x 0.25
tablet, silybin 30% (Hepaxan Dog tablets, Vebiot, Debica,
Poland) 1 x 2 tablets, levothyroxine (Euthyrox100 pg, Merck
KGaA, Darmstadt, Germany) 1 tablet twice a day and a
blood test in 3 weeks.

At the end of April 2018, blood and mucus appeared in the
stool. During the clinical examination, the general condition
was good, the abdomen slightly taut, in the rectum the
feces with an admixture of mucus and traces of blood.
Symptomatic treatment, fluid therapy, anti-hemorrhagic
treatment, and antibiotic therapy were applied. The day
after the examination, the dog’s clinical condition improved;
after another five days, bloody diarrhea, single vomiting,
aversion to water, and food appeared. Additional blood
tests were performed, including lipase (reference values)
as well as x-ray and control abdominal ultrasound. The
radiological examination did not show foreign bodies in
the gastrointestinal tract or features indicative of intestinal
obstruction. The abdominal US revealed large amounts
of gases, with a well-preserved wall layer, gallbladder size
about 2.5 cm with the presence of numerous deposits.
The wall of the intestine in the area of the ostium ileo-
caecocolicum showed pathologic thickening of the wall
and disturbance of the layered structure on the section
of about 15 mm, which suggested proliferative changes;
the liver normoechogenic, without focal changes, other
organs within the normal range. In the morphological
examination of the blood, apart from the increase in the
level of leukocytes 24 G/L and thrombocytes 690 G/L,
the remaining parameters were within normal limits. The
hepatic parameters of ALT and AST were respectively: 324.72
U/L and 92.736 U/L. The drugs used included drotaverine
(No-spa 20 mg/mL, Sanofi Aventis Ltd., Warsaw, Poland) -
1 mL subcutaneously, ranitidine (Solvertyl 25 mg/mL, ICN
Polfa Ltd., Rzeszow, Poland) - 1 mL subcutaneously, tylosin
(Biotyl 50 mg/mL, Biowet Drwalew Ltd., Drwalew, Poland)
1.3 mL subcutaneously seven days, and maropitant citrate
(Cerenial0 mg/mL, Zoetis Poland Ltd., Warsaw, Poland) -
1 mL subcutaneously. The pharmacological treatment
was continued, additional metronidazole (Metronidazol
Polpharma 250 mg, Polpharma, Warsaw, Poland) 2 x 0.5
tablet for seven days was administrated and a stool test
for the presence of parasites was performed. The flotation

result and Giardia spp-antigen (ELISA) were negative.
Unfortunately, despite the treatment admixtures of mucus
and a small amount of blood were present in the stool;
therefore, the endoscopic examination of the gastro-
intestinal tract was recommended, and phytomenadione
was orally prescribed (Vitacon10 mg, Polfa Warszawa,
Warsaw, Poland), 2 x tablet daily.

At the end of June 2018, the morphology showed a
decrease in erythrocytes 5.25 T/L (5.5-8.5), a decrease in
hemoglobin of 11.4 g/dL, and an increase in thrombocytes
of 595 G/L. Over the next days, there was a further decrease
in erythrocytes (4.93 T/L), hematocrit (30%), hemoglobin
(8.3 g/dL). After ten days, the level of erythrocytes dropped
to 3.86 T/L, hematocrit 22.8%, hemoglobin 7 g/dL. Despite
the deteriorating blood test results, the dog’s clinical
condition was better and the occurrence of bleeding from
the gastrointestinal tract was much less. Oral preparations
with iron and folic acid were introduced, and blood was
collected on reticulocytes, B12, iron, folic acid, and blood
group determination. The level of reticulocytes was 4.75%,
iron 3.30 pug/mL, folic acid 22.4 ng/mL, and vitamin B12
804.0 pg/mL. During the following days, the patient’s
condition did not change significantly.

Atthe end of August, an infusion colonoscopy was performed
under general anesthesia. In the endoscopic examination,
the device was introduced into the ileocecal valve area. At
this point, the area of the highly congested and slightly
bleeding mucous membrane was found (Fig. 1). Also,
tissue samples for histopathological examination were
collected from this area. Other sections of the mucous
membrane were normal. The image of the examination
raised the suspicion of intestinal cancer. The day after the
colonoscopy, the dog was in clinically stable condition.

On the fourth day after the procedure, the patient’s condi-
tion deteriorated suddenly. According to the information

Fig 1. Colonoscopy- inflammation of the mucosa with bleeding in the
area of the ostium ileocaecocolicum
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obtained from the owner, the dog was very weak,
breathed heavily, did not eat or drink, and there was
much blood in the feces. In the clinical examination, a
very bad general condition was found, conjunctiva and
mucous membranes were porcelain white. The stomach
was painful palpable, and the spleen strongly enlarged.
The dog was administrated 1 mL of dexamethasone
(Dexasone 2 mg/mL, ScanVet Poland, Warsaw, Poland)
intravenously, and blood was collected for morphology.
The blood glucose level was above 600 mg/dL and 5 iu of
insulin subcutaneously (Caninsulin 40 iu/mL, MSD Animal
Health Poland, Warsaw, Poland) was given. Approximately
30 min after the administration of the drugs, there was an
acute cardiorespiratory failure followed by cardiac arrest.
Despite the attempted resuscitation, it was not possible to
regain vital functions.

We obtained permission from the owners to conduct the
necropsy. The examination showed properly developed
subcutaneous tissue and muscles, pale red, minor blood
extravasation in muscle tissue. A small amount of bloody,
clear fluid in the abdomen was present. The digestive tract
was gassed, filled with a small amount of mushy food, light
brown. In the large intestine, tarry digestive content with
visible blood clots was found. The necropsy also revealed
an enlarged, swollen, and congestive spleen without focal
lesions and a thickened, hard fragment of the intestine in
the ostium ileocaecocolicum area (Fig. 2). After an incision
of the intestinal wall, an extremely altered mucosa with
visible ulceration and submucosal hemorrhages, enlarged
local lymph nodes, and a structure resembling a neoplastic

) Y

Fig 2. Necropsy - the affected area of the intestine ‘

infiltration were found, the intestinal lumen was filled
with blood in this part. The liver was enlarged, firm in
consistency, bright red, with no visible nodular changes.

The kidneys were of normal size and shape. The nerve
capsule was easily removable, the ratio of the cortex to
the medullary layer was maintained. In the chest, a small
amount of bloody fluid was found. Lungs were of normal
size and shape, aerated, light red. The heart was of normal
size and position, with a small amount of clotted blood in
the left ventricle. Apart from the primary neoplastic tumor,
no macroscopic metastatic changes in the abdominal and
thoracic cavity organs were found.

The samples were fixed in a buffered formalin solution and
senttotheaccredited Laboratory of Oncological Prevention
and Diagnostics “Patolog” J&J Gtowaccy. The above-
mentioned laboratory prepared the preparations using the
paraffin technique and performed H&E and mucicarmine
staining. The immunohistochemical tests were conducted
using Roche’s antibodies against synaptophysin, cd 56,
ki 67, and chromogranin A, according to the procedures
developed by this company (Table 1).

Postmortem samples for histopathological and immuno-
histochemical examinations were collected.

The result of the histopathological examination of the
intestinal wall sections taken in vivo during the endoscopic
examination did not give the final diagnosis. In the tissue
collected during colonoscopy, the presence of dilated,
thrombotic capillaries in the vessels of the lamina propria,
and the resulting circulatory disturbances, as well as the
accompanying slight lymphatic infiltration were found.
The above-described histopathological changes may be
the cause of lamina propria bleeding even in minor injuries.
The histopathological examination of the specimen taken
during the section indicated the presence of carcinoid
(neuroendocrinetumor-NETG1) ofthelargeintestine.Inthis
case, the routine H&E staining and immunohistochemistry
were performed. The H&E staining revealed the presence
of numerous tumor cells in small clusters in the submucosa
of the intestinal wall. The microscopic examination revealed
small tumor cells, concentrated in clusters, round nucleoli,
few figures of the mitotic division (Fig. 3, Fig. 4). There were
also single clusters of tumor cells in lymph and capillary
vessels (Fig. 5). Staining of synaptophysin (Fig. 6) and
cd 56 (Fig. 7) gave a positive result which confirmed the
neuroendocrine activity of tumor cells. Chromogranin A

Table 1. Panel of primary antibodies used in inmunohistochemical techniques

Antibody Source Clone Dilution Result
Synaptophysin Roche Rabbit Monoclonal Antibody (MRQ-40) 00.04 pg/mL (+)
Chromogranin A Roche Mouse Monoclonal (LK2H10) 1 pg/mL (-)
CD56 Roche Rabbit Monoclonal Antibody (MRQ- 42) 0.21 pg/mL (+)
Ki67 Roche Rabbit Monoclonal Antibody (30-9) 2 pg/mL (+)
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Fig 3. Histological picture of small tumor cells (neuroendocrine tumor - NET G1)
of the large intestine. H & E staining. Bar=1 mm

Fig 4. Carcinoma histological image. Small tumor cells with round nucleoli and
few figures of mitotic division . Bar=20 pm

Fig 5. Cancer cells infiltration in lymphatic vessels. H&E staining. Bar=1 mm

staining did not give positive results in both the
control sample and tumor cells, which indicates the
unsuitability of selected antibodies to staining on
dog tissues. Other antibodies should be chosen
in this case, or the staining methodology should
be modified. However, the positive synaptophysin
staining results, and cd 56 were enough to make the
diagnosis. In contrast, Ki 67 showed a very low sub-
cell index based on which the tumor was classified
as NET G1 (Fig. 8). Also, mucicarmine staining was
performed to demonstrate the tumor’s exocrine
capacity and the precise secretion of mucus. This
time the staining was negative, which means that
the tumor has only endocrine activity and does not
produce mucus.

DiscussioN

Carcinoids pose a diagnostic challenge because
they are often innocuous at the time of presentation,
requiring a multidisciplinary diagnostic approach
with detailed biochemical analysis, cross-sectional
and nuclear medicine imaging ®. Neuroendocrine
tumors have rarely been reported in dogs mainly
in the intestine, liver, bile duct, lungs, gallbladder,
esophagus, skin, and nasal cavity “. The most
common laboratory techniques used to diagnose
the GEP-NEN include the following tests: fasting
blood glucose, insulin, and C-peptide concentrations,
serum gastrin concentration and gastric pH, serum
glucagon concentration, serum VIP concentration,
serum chromogranin A concentration, concentration
of 5-hydroxyindoleacetic acid in a 24-h urine
sample. Tests for chromogranin A and 5-HIAA can
give false-positive results for various reasons !,

A tumor location is crucial for diagnosis and
treatment; however, no one technique is sensitive
enough; hence, CT (Computed Tomography) or
MRI (Magnetic Resonance Imaging) scans should
be combined with nuclear medicine imaging .
Detection of the tumor and finding its location also
created significant problems. It was only at the end
of the disease when the tumor was detected in the
ultrasound examination, which was then confirmed
in the endoscopic examination. Performing CT or
MRI scans would have probably helped to diagnose
the patient earlier.

However, the final diagnosis was made based
on histopathological examinations, in particular,
immunohistochemistry performed from collected
ex-vivoorpost-mortemtissueofthetumor.Inaddition
to the classic H&E staining, to assess the tumor
texture and cell structure, immunohistochemical
staining (for example, Ki67) allows determining the
division capacity of the tumor cells, the so-called
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-Bar=200 um; B-Bar-=100 um

Fig 6. Immunohistological picture of neuroendocrine tumor NET-G1. Positive intracytoplasmic synaptophysin staining. A

Fig 7. Positive intracytoplasmic CD 56 staining. Single cells within the mucosa. A-Bar=1 mm; B=100 pm

Fig 8. Positive intranuclear Ki-67 staining proliferaion index 3.A-Bar=200 pm ; B=100 pm

mitotic index, which is important in the classification of
cell malignancy and their tendency to metastasis. In our
case, there was no metastasis observed in other organs.
Additional staining, such as synaptophysin, chromogranin
A, cd 56, allows demonstrating the neuroendocrine
activity of the tumor, which is characteristic for carcinoid
cells. The mucicarmine staining for the presence of mucus
assesses whether the tumor also has exocrine features.

Clinical symptoms depend on the functionality of the
tumor. The hormonal activity of tumor cells determines the
specific set of symptoms and endocrinological disorders,
e.g., insulinoma, glucagonoma, gastrinoma, VIPoma . In
the case of our patient, we suspect that chronic liver failure
may have been caused by endocrine and biochemical
disorders associated with the presence of the tumor.
Although non-functioning NETs may secrete hormones ©,
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they do not cause any symptoms. Therefore, they are often
diagnosed laterin the course of the disease with symptoms
of metastasis .

In conclusion, in our report, we present a neuroendocrine
tumor NET, G1 (based on the 2019 WHO Classification)
of the gastrointestinal tract in a dog. The extreme difficulty in
diagnosing the carcinoid was due to non-specific symptoms,
the early onset of the disease, and the limited availability
of specialized imaging techniques, including MRl and CT.
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Abstract

A four-year-old albino budgerigar was presented to Department of Wild Animal Diseases and Ecology clinic, Faculty of Veterinary Medicine,
istanbul University-Cerrahpasa, with complaints of abdominal swelling. An ectopic egg and abdominal hernia were diagnosed as a result of
radiographic evaluation, and then the hairless, swollen abdominal surface area was evaluated by infrared thermography. In a budgerigar, an
abdominal hernia case with ectopic egg was presented for the first time and evaluated for the first time by thermography. In thermographic
imaging, the maximum temperature was obtained from the skin surface area on the right side of the hernia sac corresponding to the area
where the egg was found on the radiograph. It is thought that heat increase has occurred due to inflammatory fibrin formation process
around the ectopic egg. Clinical parameters of the patient were in normal range so the surgical operation was successfully performed under
general anesthesia, and the ectopic egg was removed and the abdominal hernia was repaired.
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Bir Albino Muhabbet Kusunda Ektopik Yumurta ile iliskili Ventral
Abdominal Fitik Olgusu ve Kizilétesi Termografi ile Degerlendirilmesi

Oz

Dért yasindaki albino muhabbet kusu, istanbul Universitesi-Cerrahpasa, Veteriner Fakiiltesi Yabani Hayvan Hastaliklari ve Ekoloji Anabilim
Dali klinigine karin sisligi sikayeti ile getirildi. Radyografik degerlendirme sonucu ektopik yumurta ve ventral abdominal fitik varligi teshis
edildi ve daha sonra kizil6tesi termografi ile tlysiiz, sismis karin ylzeyi degerlendirildi. Muhabbet kusunda, ektopik yumurta ile birlikte
gorilen abdominal fitik olgusu ilk kez sunuldu ve termografi ile ilk kez degerlendirildi. Termografik goriintlilemede, yumurtanin réntgende
bulundugu alana karsilik gelen, fitik kesesinin sag tarafindaki deri bélgesi ylzeyinden maksimum sicaklik elde edildi. Ektopik yumurta
cevresindeki enflamatuar fibrin olusum sireci nedeniyle 1si artisinin meydana geldigi disiinilmektedir. Hastanin klinik parametreleri
normaldi, bu nedenle cerrahi operasyon genel anestezi altinda basariyla uygulandi, ektopik yumurta uzaklastirildi ve karin fitigi onarildi.

Anahtar sézciikler: Ektopik yumurta, Karin fitigi, Muhabbet kusu, Termografi

INTRODUCTION egg reproductive diseases may show similar clinical

signs in birds such as abdominal enlargement, soiled
Egg production, together with the complex structure of  feathers at the vent and base of the tail, retention of
the female sex organs, causes reproductive diseases .  droppings and tail pumping ?%. An abdominal hernia
Eggs called "ectopic eggs” or “internal laying”, they appears in relation with egg laying and weak abdominal
become extraoviductal due to reverse peristalsis in the  muscles in Psittacine species especially budgerigars with
infundibulum or rupture of the oviduct and fall into the  clinical signs of abdominal swelling and skin surface
abdominal cavity 12?. Therefore, egg binding and ectopic  changes ®4.
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Egg-binding, ectopic egg, ectopic egg yolk and peritonitis
cases require application of female reproductive system
surgery for urgent intervention; and also hernia also
requires the hernioraphy, after radiological diagnosis "%,
Radiological diagnosis shows where the egg is located in
the abdominal cavity and what the hernial content is 5",
Infrared thermography is a complementary diagnostic
method that can evaluate temperature changes on the
body surface and in many animal species it is becoming
more and more important in the diagnosis of various
types of diseases '>"], Also, in avian research, there have
been many studies involving the welfare and physiological
thermal images of birds "¢2%, In this study, the presence of
a ventral abdominal hernia simultaneously with an ectopic
egg in a budgerigar and its evaluation by thermography is
presented for the first time.

Caske HisTory

A four-year-old albino budgerigar was referred with
one month history of abdominal swelling. On physical
examination; pulse rate (272 beats/min), respiratory rate
(65 breaths/min) and general state of the bird were in
normal ranges but spherical swelling was located in the
ventral abdomen and pericloacal region (Fig. 1). Her diet
consisted of a commercially available food rich for seeds,
and herappetite and defecation were normal and she was
not laying for two years according to anamnesis. After
physical examinations, radiographic and then termo-
graphic evaluation by FLIR Series E50 (FLIR Systems AB)
were obtained. According to the radiograph findings,
intestines and an egg were detected in the hernia sac
(Fig. 2). Thermography detects the points that give the
maximum and minimum temperature in the scanned area.
In thermograms, the warmest areas appear as white, the
coldest areas as blue and black 3. In this case, when the
entire hernia sac was scanned by thermography (Fig. 3),
it was found that the area was wider and white in color
(warmer) at the right side, and also red spot showed the

Fig 2. On the ventrodorsal (A) and
right laterolateral radiographs (B);
intestines and egg are visible in the
hernia sac

maximum temperature (41.2°C), which corresponded to
the area where the egg was radiographly determined.
The thermal image was taken at a distance of 40 cm from
the un-feathered swollen area and the emission rate was
taken from 0.96. Based on the clinical and radiographic
examinations, it was decided that surgical application
should be performed. Antibiotic (Amoklavin Ped. 100
mg/kg PO, for 2 days, Deva, Turkey) was provided before
surgery. A bird was restrained in dorsal recumbency under
the 2% isoflurane anesthesia and oxygen 2L through a
breathing mask. Serum supplementation was applied
during the operation (%5 Dekstroz Laktatl Ringer 1 mL SC,
PF, Turkey). The skin was prepared for an aseptic operation

Fig 1. An albino budgerigar with abdominal swelling

Adipose Tissue

Egg”
intestines
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Fig 3. Thermographic evaluation of abdominal hernia. Red spot shows the maximum

Fig 4. Ectopic egg removed from the coelomic cavity ‘

‘ Fig 5.Bird stood up half an hour after surgery

and surgical intervention with transabdominal incision
through the skin and abdominal muscles ensured. After
the incision, the ectopic egg surrounded by the fibrin
mesh first appeared in the hernia sac, and the intestines
were behind it. The egg (Fig. 4) and fibrin mesh were
first removed, then all the contents were returned to the
abdominal cavity, the size of the swollen hernia sac reduced
by incisions for normal size and the abdominal wall closure
was successfully performed. Both the abdominal muscles

and the incision line were sutured by a simple continuous
suture pattern using No. 4/0 monocryl. Pain reliever
meloxicam (Meloxicam 0.5 mg/kg SC, Bavet, Turkey) was
given and the bird stood up half an hour after surgery (Fig.
5). Amoxicillin clavulanic acid (Amoklavin Ped. 100 mg/
kg PO, for 5 days, Deva, Turkey), multivitamin and calcium
supplements were prescribed. Vegetables were added to
the diet and movement restriction recommended. Five
days after the operation, her general condition improved
and she regained her health.

Discussion

The presence of an ectopic egg is vital in small birds ™,
Ectopic eggs may easily move around the abdomen or
the egg yolk may enter the abdominal cavity and cause
yolk peritonitis 2. Chronic laying, oviductal trauma, or
oviductal infection are common causes for ectopic eggs,
egg-binding and egg-related coelomitis . Poor breeding
conditions and stress, especially hypocalcemia, systemic
diseases, oviduct muscle weakness, genetic predisposition
may also predispose factors 52!, Clinical signs include
broody or egg-laying behavior without egg production,
abdominal distention, soiled feathers at the vent and base
of the tail, tail wagging, imbalance, sit on the floor, obturator
paresis, oxygen deficiency and at the end death %2, Good
prognosis depends on the correct treatment done in time 22,
Abdominal hernias in birds can be congenital or acquired
and often associated with reproduction, egg binding or
straining, endocrine imbalances, hormonal effects, other
causes such as hepatic lipidosis, malnutrition, coelomic
masses,and urate concretion 24, In this case, the ectopic
egg, which was perceived as a mass in the coelomic cavity,
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was thought to trigger hernia development. Abdominal
hernias in birds are not true hernias because there is no
opening in the aponeurosis of abdominal muscles so skin
was the only hernia sac structure holding the content of
abdominal organs 2. Radiographic and ultrasonographic
examinations are used to visualize the hernia content and
egg to confirm the diagnosis "', Infrared thermography,
which is a developing diagnostic method of assessing
surface emitted temperature, is in the field of obstetrics and
gynecology, in different races, in the evaluation of different
pathological and physiological conditions such as mastitis,
mammary tumors, detection of oestrus, pregnancy and
omphalitis 3152630 However, according to our research
thermography has not been studied in avian reproductive
diseases. Because the well feathered areas are closer to
the ambient temperature, the region that gives the most
accurate surface temperature in avian species is the un-
feathered regions "®. In this case, the image was easily
taken, as the enlarged sac was un-feathered. Infrared
thermography is able to discover changes that have not
yet caused clinical signs in apparently healthy subjects
and provides significant advantages thanks to its ability to
measure surface temperature remotely, non-invasively and
quickly in crowded bird populations 3l For normal tissue
repair due to peritoneal injury, an inflammatory reaction
is initiated that produces fibrous exudates and causes
fibrin formation %32, |n the formed fibrin, erythrocytes,
leukocytes and platelets make a network that accumulates,
thereby forming a blood clot 3. In this case, the ectopic
egg appears to be perceived as a foreign body causing
irritation in the coelom and initiated the inflammatory
fibrin formation process as a result of immune response. It
is thought that due to these active reactions in the region,
there is an increase in temperature at that point compared
to other hernia sac skin areas and is reflected as maximum
temperature in the thermographic image obtained. The
reason why the detected temperature is not higher; It may
be because it is in the process of chronic inflammation,
not acute. It is concluded that by reporting this case in
birds, ectopic egg can trigger hernia development and
can be successfully treated with surgical intervention.
Infrared thermography, may have the potential to detect
pathological changes in the abdominal cavity, such as
ectopic eggs, as a complementary diagnostic tool.But
this study is the first study in the field of avian obstetrics
and gynecology to evaluate a pathological condition by
infrared thermography so more studies on this issue are
needed to speak more clearly.
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