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This year, the 8" Slovenian Veterinary Congress, the larg-
est professional and scientific meeting of veterinarians in
Slovenia, is taking place in PortoroZz. The main theme of the
congress, Challenges of Modern Veterinary Medicine, ad-
dressed key challenges such as staff shortages, the manage-
ment of new generations of young professionals, the impact
of environmental changes and the need for an interdisci-
plinary approach and the integration of new technologies.
Veterinary medicine is at an important turning point that re-
quires reflection on its role in the socio-political context and
careful consideration of current challenges. One of the issues
is the importance of developing scientific fields, disseminat-
ing new discoveries and scientific knowledge, promoting spe-
cialist discussions and linking science with the general pub-
lic. Scientific journals in the field of veterinary medicine play
an important role in this respect, and in Slovenia Slovenian
Veterinary Research (SVR) fulfils this role. The journal, which
is published by the Faculty of Veterinary Medicine of the
University of Ljubljana as part of the University of Ljubljana
Press, is characterised by the publication of articles in English
with summaries in Slovenian, which increases its accessibili-
ty to the national and international professional audience. The
SVR editorial team organised a workshop entitled The impact
of publishing scientific journals on the quality of education,

Letos v Portorozu poteka Slovenski veterinarski kongres,
najvecje strokovno in znanstveno sreCanje veterinarjev v
Sloveniji. Osrednja tema kongresa, Izzivi sodobne veterinar-
ske medicine, naslavlja kljucne izzive, kot so pomanjkanje
kadra, upravljanje novih generacij mladih strokovnjakov,
vplivi okoljskih sprememb ter potreba po interdisciplinar-
nem pristopu in vkljuCevanju novih tehnologij. Veterinarska
medicina se nahaja na pomembni prelomnici, ki zahteva
refleksijo o njeni vlogi v druzbenopoliticnem kontekstu in
premisljeno obravnavo aktualnih izzivov. Med kljucnimi
vprasaniji je bil poudarjen pomen razvoja znanstvenih pod-
rocCij, Sirjenja novih odkritij in znanstvenih spoznanj, spod-
bujanja strokovne razprave in povezovanja znanosti s Sir-
S0 javnostjo. Pri tem imajo znanstvene revije na podrocju
veterinarske medicine pomembno vlogo, ki jo v Sloveniji
izpolnjuje Slovenski veterinarski zbornik (SVZ), ki jo izdaja
Veterinarska fakulteta Univerze v Ljubljani v okviru Zalozbe
Univerze v Ljubljani. Odlikuje jo objava prispevkov v angle-
Skem jeziku z izvlecCki v slovenscini, kar povecCuje njeno
dostopnost domaci in mednarodni strokovni javnosti. Ozji
uredniski odbor SVZ je v okviru veterinarskega kongresa
organiziral delavnico z naslovom Vpliv izdajanja znanstve-
nih revij na kakovost izobrazevanja, raziskovalno delo in
razvoj stroke, ki je potekala v Zborni¢ni dvorani Univerze
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research and development of the profession, which took
place in the Chamber Hall of the University of Ljubljana. The
aim of the workshop was to increase the visibility of the jour-
nal, encourage authors to prepare manuscripts, improve the
responsiveness of reviewers, shed light on the challenges
of local publication of international scientific journals and
strengthen cooperation between journals in related fields. We
also discussed the importance of promoting evidence-based
veterinary medicine as a central principle of professional
practise and development.

After the opening speech by the Vice-Rector for Research and
Development of the University of Ljubljana, Prof. Dr. Anton
Ramsak, the editor of Slovenian Veterinary Research (SVR),
Dr. Klementina Fon Tacer, introduced the journal and its mis-
sion. SVR is an international, peer-reviewed, multidisciplinary
journal that publishes research findings in the key areas of
veterinary medicine, biomedicine, comparative medicine and
the concept of one health. The journal focuses on the devel-
opment of basic and clinical knowledge that contributes to
improving the health and welfare of animals and humans. As
a platform for scientific communication and knowledge ex-
change, it brings together scientists, clinical experts, students
and educators. The editor took the opportunity to highlight the
many challenges facing academic publishing. These were an
important trigger for the organisation of a workshop with the
aim of finding solutions and promoting dialogue between all
those involved in the process of publishing scientific journals.

The first speaker, Dr. Vojteh Cestnik, professor emeritus of the
Faculty of Veterinary Medicine at the University of Ljubljana,
editor of the Veterinary Journal and recipient of the Dr. Janez
Bleiweis Award, presented a brief history of the SVR (1).
The journal, which has been published continuously since
1961, began its career as “Proceedings” of the Department
of Veterinary Medicine of the Biotechnical Faculty of the
University of Ljubljana. During its existence, it changed its
name several times and in 2010 it was included in the list of
journals with an impact factor, which consolidated its impor-
tance onthe international stage. Throughout its development,
the journal has maintained its core mission: to disseminate
scientific knowledge and new discoveries among research-
ers, veterinarians, students and educators and to promote
interdisciplinary cooperation for the welfare of animals, hu-
mans and their shared environment.

This was followed by a presentation by Dr. John Kastelic,
Professor at the University of Calgary, Canada, recipient of nu-
merous awards in the field of veterinary medicine and Editor-
in-Chief of the Canadian Veterinary Journal (2). He has given
lectures and workshops on scientific writing in more than 20
countries worldwide. In his lecture, he explained the key steps
for successful publication of a scientific article, which include
a clearly defined research question and objective hypotheses
supported by an appropriate research design and adequate
statistical power. In addition, he emphasised the importance
of thorough data analysis and a structured presentation of
the content. He emphasised that the article should be easy
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v Ljubljani. Cilji delavnice so bili povecCati prepoznavnost
revije, spodbuditi avtorje k pripravi prispevkoy, izboljsati
odzivnost recenzentov, osvetliti izzive lokalnega izdajanja
mednarodnih znanstvenih revij in okrepiti sodelovanje med
revijami sorodnih podrocij. Razpravljali smo tudi o pomenu
spodbujanja na dokazih temeljecCe veterinarske medicine
kot osrednjega nacela strokovnega delovanja in razvoja.

Po uvodnem nagovoru prorektorja za raziskovanje in razvoj
Univerze v Ljubljani, prof. dr. Antona Ramsaka, je urednica
Slovenian Veterinary Research (SVZ), dr. Klementina Fon
Tacer, predstavila revijo in njeno poslanstvo. SVZ je med-
narodna, recenzirana, multidisciplinarna revija, ki objavlja
rezultate raziskav na kljucnih podrocjih veterinarske medi-
cine, biomedicine, primerjalne medicine in ved o konceptu
enega zdravja. Revija je osredotoCena na razvoj temeljnega
in klinicnega znanja, ki prispeva k izboljsanju zdravja in dob-
rega pocCutja zivali ter ljudi. Kot platforma za znanstveno
komunikacijo in izmenjavo znanja povezuje znanstvenike,
klinicne strokovnjake, Studente in pedagoge. Urednica je ob
tej priloznosti poudarila Stevilne izzive, s katerimi se soocCa
akademsko zaloznistvo, ki so bili klju¢ni povod za organi-
zacijo delavnice, namenjene iskanju resSitev in spodbujanju
dialoga med vsemi delezniki, vklju¢enimi v proces izdajanja
znanstvenih revij.

Prvi predavatelj, dr. Vojteh Cestnik, zasluzni profe-
sor Veterinarske fakultete Univerze v Ljubljani, urednik
Veterinarskega vestnika in prejemnik priznanja dr. Janeza
Bleiweisa, je predstavil kratko zgodovino revije SVR (7).
Revija, ki neprekinjeno izhaja ze od leta 1961, je svojo pot
zacela kot »Zbornik« Oddelka za veterinarsko medicino
Biotehniske fakultete Univerze v Ljubljani. Med svojim ob-
stojem je vecCkrat spremenila ime, leta 2010 pa je bila uvr-
S¢ena na seznam revij s faktorjem vpliva, s ¢imer je utrdila
svoj pomen v mednarodnem prostoru. Kljub spremembam
je revija ves Cas razvoja ohranjala svoje temeljno pos-
lanstvo: Sirjenje znanstvenih spoznanj in novih odkritij med
raziskovalci, veterinarji, Studenti in pedagogi ter spodbuja-
nje interdisciplinarnega sodelovanja za dobrobit Zivali, ljudi
in njihovega skupnega okolja.

Predavanje je nadaljeval Castni gost delavnice, dr. John
Kastelic, redni profesor Univerze v Calgaryju, Kanada, pre-
jemnik Stevilnih nagrad s podrocja veterinarske medicine
in glavni urednik revije Canadian Veterinary Journal (2). O
znanstvenem pisanju izvaja predstavitve in delavnice v vec
kot 20 drzavah po vsem svetu. V predstavitvi je izpostavil
kljucne korake za uspeSno objavo znanstvenega Clanka,
ki vkljucujejo jasno definirano raziskovalno vprasanje in
objektivne hipoteze, podprte z ustreznim raziskovalnim na-
¢rtom ter ustrezno statisticno mocjo. Poleg tega je poudaril
pomen temeljite analize podatkov in strukturirane predsta-
vitve vsebine. Opozoril je, da mora biti Clanek jasno berljiv,
brez nejasnih izrazov ali nepotrebnih informacij, pri cemer
naj besedilo dosledno sledi omejitvam obsega in zahtevam
revije. Dobro zasnovani ¢lanki omogocajo ponovljivost raz-
iskav, prispevajo k Sirjenju znanja, povecujejo moznosti za



to read, without unclear terms or unnecessary information,
and that the text should strictly adhere to the scope limita-
tions and requirements of the journal. Well-designed articles
enable the replication of research results, contribute to the
dissemination of knowledge, increase the chances of publica-
tion, strengthen scientific discourse and increase the visibility
of researchers. You can also find content on scientific writing
on our website Slovenian Veterinary Research.

Scientific writing includes not only text, but also images, dia-
grams and artistic representations. These serve as a visual
supplement to interpret the results, illustrate key concepts
and make the article more attractive and understandable so
thatitis accessible to a wider audience. For this reason, we in-
vited our illustrator PSenica Kovacic to the workshop. PSenica
Kovacic is a graduated painter and studied designer who has
acquired additional certifications in the field of feline welfare
and behaviour. She has focused on researching and under-
standing cat behaviour and is certified by international organ-
isations such as the International Society of Feline Medicine
(ISFM) and Compass Education and Training. She also de-
votes some of her time to illustrating the covers of SVR. The
main purpose is visual communication, connecting scientific
knowledge to the general public (3, 4). The aesthetic and infor-
mative qualities of illustrations are complemented by concep-
tual and technical precision, making scientific content more
understandable, accessible and appealing. Scientists provide
the expertise, and artists can help translate this information
into compelling visual narratives. Moreover, the creative inter-
action between science and art can lead to unexpected and
surprising results that enrich the work of both sides (5). The
cover of this magazine features an owl designed by Psenica
Kovacic especially for our workshop. In the Western world,
the owl symbolises wisdom and knowledge (6). The illustra-
tions were also part of the exhibition space at the veterinary
congress in Portoroz.

Just as scientific writing is closely linked to the fine arts, the
publication of an article is closely linked to a positive evalu-
ation by peer reviewers. They are responsible for critically
reading and evaluating the manuscript, providing respectful,
constructive and honest feedback on the submitted work and
discussing the strengths and weaknesses of the article, ways
to improve the strengths and quality of the work, and evaluat-
ing the relevance and originality of the manuscript. Therefore,
one of the topics of the workshop was how to write a good re-
view of a scientific article. The topic was presented by our SVR
editor and initiator of the workshop, Dr. Klementina Fon Tacer,
Assistant Professor at Texas Tech University and Director of
the Texas Centre for Comparative Cancer Research (TC3R).
Dr. Tacer integrates veterinary and human medicine in the
flelds of reproduction and oncology through an interdisciplin-
ary programme and a comparative approach. In addition to
the tasks of the reviewers, she also presented the structure
of the peer review procedure and the peer review process as
an important part of scientific methodology, which ensures
the quality, credibility and verification of research data before
publication. The structure of the peer review should include a

objavo, krepijo znanstveni diskurz in povecujejo vidnost
raziskovalcev. Vsebine, povezane z znanstvenim pisanjem,
so na voljo tudi na nasi spletni strani Slovenian Veterinary
Research.

Znanstveno pisanje poleg besedila vkljucuje tudi slike, grafe
in umetnisSke prikaze. Ti sluzijo kot vizualna dopolnitev za
lazjo interpretacijo rezultatov, ponazoritev kljucnih kon-
ceptov in vecjo privlacnost ter razumljivost ¢Clanka in tako
izboljSujejo dostopnost Clanka SirSi javnosti. Zato smo na
delavnico povabili tudi naso ilustratorko PSenico Kovacic.
PSenica je diplomirana slikarka in univerzitetna diplomirana
oblikovalka, ki je pridobila dodatne certifikate na podrocju
dobrobiti, blagostanja in vedenja mack. Usmerila se je v
raziskovanje in razumevanje macjega vedenja ter pridobila
certifikate od mednarodnih organizacij, kot sta International
Society of Feline Medicine (ISFM) in Compass Education
and Training. Del svojega ¢asa namenja tudi ilustriranju na-
slovnic SVZ, katerih klju¢ni namen je vizualna komunikacija,
ki povezuje znanstvene ugotovitve s $irso javnostjo (3, 4).

Estetsko in informativno noto ilustracij dopolnjuje koncep-
tualna in tehni¢na natancnost, s Cimer ilustracija prispeva
k ve¢jemu razumevanju, dostopnosti in privlacnosti znan-
stvenih vsebin. Znanstveniki zagotavljajo strokovno znanje,
umetniki pa lahko pomagajo prevesti te informacije v pre-
pri¢ljive vizualne pripovedi. Se veg, ustvarjalna povezanost
med znanostjo in umetnostjo lahko vodi v nepricakovane in
presenetljive rezultate ter obogati delo obeh (5). Naslovnico
te revije krasi sova, ki jo je posebej za naso delavnico obli-
kovala PSenica Kovaci¢. Sova namreC v zahodnem svetu
simbolizira modrost in znanje (6). llustracije so bile tudi del
razstavnega prostora Veterinarskega kongresa v Portorozu.

Kot je znanstveno pisanje tesno povezano z vizualno
umetnostjo, je objava Clanka tesno povezana s pozitivho
oceno ocenjevalcev. Ti so odgovorni za kriticno branje in
ocenjevanje rokopisa, zagotavljanje spostljivih, konstruktiv-
nih in iskrenih povratnih informacij o predlozenem delu ter
razpravo o prednostih in slabostih ¢lanka, nacinih za izbolj-
Sanje moci in kakovosti dela ter oceno ustreznosti in izvir-
nosti rokopisa. Zato je bila ena izmed tem delavnice tudi
vprasanje, kako napisati dobro oceno znanstvenega clan-
ka. Temo je predstavila urednica nasega SVR in pobudnica
izvedbe delavnice, dr. Klementina Fon Tacer, docentka na
Texas tech University in direktorica teksaskega centra za
primerjalne raziskave raka (Texas Center for Comparative
Cancer Research, TC3R). Dr. Tacer z interdisciplinarnim pro-
gramom in primerjalnim pristopom povezuje veterinarsko
in humano medicino na podroc¢ju reprodukcije in onkologi-
je. Poleg dolznosti ocenjevalcev je predstavila tudi sestavo
ocene in proces recenziranja kot kljucnega dela znanstve-
ne metodologije, ki zagotavlja kakovost, verodostojnost in
preverjanje raziskovalnih podatkov pred objavo. Struktura
recenzije naj vkljuCuje povzetek glavnega namena clanka,
konceptualni doprinos znanosti, primernost izbranih metod
delain oceno, ali so sklepi dobro podprti s podatki. Kljub ne-
katerim slabostim, kot so dolgotrajen postopek za avtorje in

Slov Vet Res 2024 | Vol 61 No 3 | 149



summary of the main aim of the article, the conceptual con-
tribution of the science, the appropriateness of the working
methods chosen and an assessment of whether the conclu-
sions are well supported by the data. Despite some disad-
vantages, such as a lengthy process for authors and tedious
tasks for reviewers, the peer review process allows for a con-
structive contribution to science and provides reviewers with
an insight into the latest research and a better understanding
of the editorial and review process. Reviews become effec-
tive when authors and reviewers conscientiously participate
in the process, because timely feedback encourages others
to do the same (7).

High-quality and constructive peer review plays a key role in
ensuring a high standard of published work, which has an
impact on the reputation and future of scientific journals, es-
pecially in view of the rapidly evolving publication activities
of large publishing houses, which are directly related to the
purely bibliometric assessment of the quality of published
research. To enrich the scientific debate in this field, we
hosted Dr. Svjetlana Kalanj Bognar, Professor at the Faculty
of Chemistry and Biochemistry, Head of the Laboratory of
Molecular Neurobiology and Neurochemistry at the Croatian
Institute for Brain Research, Faculty of Medicine, University
of Zagreb. As editor-in-chief of the Croatian Medical Journal
(CMJ), she has lectured on the key role of scientific journals in
disseminating knowledge and discoveries, stimulating debate
and facilitating communication within the scientific commu-
nity. She emphasised the importance of vision and the need
for qualitative, non-metric assessment of research supported
by the responsible use of quantitative indicators. She shared
her experience with the CMJ (8) and her reflections on the
daily challenges faced by editors of a small journal, such as
maintaining the journal's high quality, international visibility
and impact factor, attracting top authors and articles, improv-
ing the efficiency of editorial and review work, and keeping
pace with current trends in publishing while striving to main-
tain the journal's originality and authenticity.

The link between high quality peer review and the wider pub-
lication environment plays a key role in ensuring scientific ex-
cellence and the global visibility of research. In Slovenia, this
role is played with great success by the University of Ljubljana
Press, which with its long tradition is one of the leading sci-
entific publishers in the region. As Dr. Matevz Rudolf, head of
the UL publishing house, emphasised, the institution bundles
the publishing activities of 26 faculties and academies and
covers all scientific disciplines with a diverse programme for
the publication of scientific works. With more than 1,700 titles
in the online bookshop, 12,500 scientific articles on the web
portal and more than 500 open access monographs on the
e-book portal, UL Publishing makes an important contribu-
tion to the visibility of Slovenian science in the international
environment. The publication of 56 international scientific
open access journals is also of particular value, as it pro-
motes global cooperation between researchers and strength-
ens the reputation of the University of Ljubljana as a central
scientific institution in the region. The publisher's modern
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obremenjujoCe naloge za ocenjevalce, proces recenziranja
omogocCa konstruktiven prispevek k znanosti, ocenjeval-
cem pa ponuja vpogled v najnovejSe raziskave ter omogo-
Ca boljse razumevanje uredniSkega in ocenjevalnega dela.
Recenzije postanejo ucCinkovite, ko se avtorji in ocenjevalci
vestno vkljucijo v postopek, saj pravocasno zagotovljena
povratna informacija spodbuja tudi druge k enakemu rav-
nanju (7).

Kakovostne in konstruktivne recenzije igrajo klju¢no vlo-
go pri zagotavljanju visokih standardov objavljenih del, kar
vpliva na ugled in prihodnost znanstvenih revij, predvsem
v luCi hitro razvijajoCe se zalozniske dejavnosti velikih za-
lozb, neposredno povezane z izkljucno bibliometricnim
ocenjevanjem kakovosti objavljenih raziskav. Z namenom
obogatitve znanstvene razprave na tem podrocju smo na
delavnici gostili dr. Svjetlano Kalanj Bognar, profesorico na
Oddelku za kemijo in biokemijo, vodjo laboratorija za mole-
kularno nevrobiologijo in nevrokemijo na Hrvaskem institu-
tu za raziskovanje mozganov Medicinske fakultete Univerze
v Zagrebu. Kot glavna urednica revije Croatian Medical
Journal (CMJ) je predavala o klju¢nih vlogah znanstvenih
revij, ki vkljucujejo Sirjenje znanja in odkritij, spodbujanje
razprave ter omogocanje komunikacije znotraj znanstvene
skupnosti. Poudarila je pomen vizije in potrebe po kvalita-
tivnem, nemetricnem ocenjevanju raziskav, ki je podprto z
odgovorno uporabo kvantitativnih kazalnikov. Delila je izku-
Snje CMJ (8) in razmisljanja o vsakodnevnih izzivih, s kate-
rimi se sreCujejo uredniki manjSe revije, kot so ohranjanje
visoke kakovosti in mednarodne prepoznavnosti revije in
faktorja vpliva, privabljanje vrhunskih avtorjev in ¢lankov, iz-
boljSanje ucinkovitosti uredniskega in recenzentskega dela
ter sledenje sodobnim trendom v zaloznistvu ob hkratnem
prizadevanju za ohranjanje izvirnosti in pristnosti revije.

Povezava med kakovostnimi recenzijami in SirSim zaloznis-
kim okoljem ima klju¢no vlogo pri zagotavljanju znanstvene
odlicnosti in globalne prepoznavnosti raziskav. V sloven-
skem prostoru to vlogo izjemno uspesno opravlja Zalozba
Univerze v Ljubljani, ki se s svojo dolgoletno tradicijo uvr-
SCa med osrednje znanstvene zaloznike v regiji. Kot je po-
udaril dr. Matevz Rudolf, predstojnik ZaloZbe UL, institucija
zdruzuje zalozniske dejavnosti 26 fakultet in akademij ter
pokriva vse znanstvene vede z raznovrstnim programom
izdajanja znanstvenih del. Z vec¢ kot 1700 naslovi v spletni
knjigarni, 12.500 znanstvenimi ¢lanki na spletnem portalu
in ve¢ kot 500 odprto dostopnimi monografijami na portalu
E-knjige Zalozba UL pomembno prispeva k vidnosti sloven-
ske znanosti v SirSem mednarodnem prostoru. Posebno
vrednost dodaja tudi izdaja 56 mednarodnih znanstvenih
revij v odprtem dostopu, kar spodbuja globalno sodelova-
nje med raziskovalci in krepi ugled Univerze v Ljubljani kot
osrednje znanstvene ustanove v regiji. Sodobni pristopi k
odprtemu dostopu in mednarodni distribuciji, ki jih uvelja-
vlja zalozba, omogocajo vecjo dostopnost, vplivnost in traj-
nost raziskovalnih dosezkov.



approaches to open access and international dissemination
make research more accessible, impactful and sustainable.

Publication activity is directly linked to challenges and oppor-
tunities. This was the main topic of the round table discus-
sion, which | moderated together with Dr. Uros Rajcevic, as-
sistant professor at the University of Ljubljana and co-editor
of SVZ. The discussion emphasised the importance of inter-
national scientific journals at the University of Ljubljana and
for the development of scientific research in Slovenia and the
region. The key role of publishing for the international visibility
of the university, the development of research fields and the
quality of study programmes was emphasised. Important
challenges for academic publishing were mentioned, such
as ensuring the quality of contributions, recruiting suitable
reviewers and speeding up the editorial process of articles.
Particular attention was paid to the professionalism of the
peer review process, which is crucial for maintaining high
publication standards. The editing of scientific journals is
based on the voluntary nature of the work, which enables the
journal to operate with minimal financial costs while ensuring
a high level of professionalism and commitment. This way
of working reflects and strengthens international solidarity
and ensures access to scientific publications. However, the
voluntary nature of the work can lead to overload and time
delays. It is therefore essential to set up appropriate support
systems to ensure high-quality publications. When discuss-
ing the future of local scholarly publishing, participants em-
phasised the need for systematic support from the univer-
sity, including financial resources and measures to improve
support for publishers. The discussion also addressed is-
sues related to connecting science with the general public,
which is crucial for trust in science and its impact on society.
Therefore, collaboration between journals and editorial teams
is of paramount importance as it can lead to improved edito-
rial practise and help raise the profile of the different fields of
science in Slovenia and beyond. Successful examples of col-
laboration between related journals were presented and the
possibilities of transferring these models to other fields were
discussed. Collaboration between the fields of veterinary
medicine, neuroscience and other biological and medical
sciences is particularly important for the development and
promotion of younger generations of scientists (9). We have
also paid particular attention to the potential impact of artifi-
cial intelligence on editorial work. Finally, we are committed
to organising regular meetings of scientific journal editors to
promote collaboration, mutual support and the involvement
of young people in editorial work and to raise awareness of
the importance of local publication of scientific journals for
the scientific and wider societal community.

The panellists were John Kastelic, MD, PhD, professor in the
Faculty of Veterinary Medicine at the University of Calgary
(Canada) and editor-in-chief of the Canadian Veterinary
Journal (CVJ) (10), who shared his experience of publish-
ing the CVJ. The CVWJ is a monthly peer-reviewed scientific
journal that reports on scientific developments in veterinary
medicine. It was founded in 1960 and is the official journal

ZalozniSka dejavnost se neposredno prepleta z izzivi in
priloznostmi, ki so bili osrednja tema razprave na okrogli
mizi, ki sva jo vodila z dr. UroSem RajCevicem, docentom
na Univerzi v Ljubljani in sourednikom SVZ. Razprava je po-
udarila pomen mednarodnih znanstvenih revij za Univerzo
v Ljubljani in za znanstvenoraziskovalni razvoj v Sloveniji in
na Sirsem podrocju. Izpostavljena je bila klju¢na vloga za-
lozniStva za mednarodno prepoznavnost univerze, razvoj
raziskovalnih podrocij in kakovost Studijskih programov.
Prepoznali smo kljucne izzive akademskega zalozniStva,
kot so zagotavljanje kakovosti prispevkov, pridobivanje
ustreznih ocenjevalcev in pospeSevanje procesa obdela-
ve Clankov. Poseben poudarek je bil namenjen profesio-
nalnosti recenzijskega procesa, ki je kljucen za ohranjanje
visokih standardov objav. UredniStvo znanstvenih revij na-
mreC temelji na prostovoljni naravi dela, ki omogoca de-
lovanje revije z minimalnimi finanénimi stroski, hkrati pa
zagotavlja visoko raven strokovnosti in predanosti. Taksen
nacin dela odraza in krepi mednarodno solidarnost in za-
gotavlja dostop do znanstvenih objav. Kljub temu prosto-
voljna narava dela lahko vodi do preobremenjenosti in Ca-
sovnih zamud, zato je nujno vzpostaviti ustrezne podporne
sisteme za zagotavljanje visoke kakovosti publikacij. Pri
razpravi o prihodnosti lokalnega znanstvenega zaloznis-
tva so udelezenci poudarili potrebo po sistemski podpori
Univerze, vklju¢no s financiranjem in ukrepi za izboljSanje
podpore zaloznikom. Razprava je vkljucila tudi vprasanja,
povezana s povezovanjem znanosti s SirsSo javnostjo, kar
je klju¢no za krepitev zaupanja v znanost in njenega vpliva
na druzbo. Tako je sodelovanje med revijami in uredniskimi
timi izjemno pomembno, saj lahko vodi v izboljSanje ure-
dniskih praks in pomaga povecati prepoznavnost razlicnih
znanstvenih podrocij v Sloveniji in izven nje. Predstavljeni
so bili uspesni primeri sodelovanja med sorodnimi revijami,
razpravljali pa smo tudi o0 moznostih prenosa teh modelov
na druga podrocja. Sodelovanje med podrocji veterinarske
znanosti, nevroznanosti ter drugih bioloskih in medicinskih
ved je Se posebej kljutno za razvoj in napredovanje mlajsih
generacij znanstvenikov in znanstvenic (9). Posebno pozor-
nost smo namenili tudi potencialnemu vplivu umetne inte-
ligence na uredniSkega dela. Na koncu smo se zavezali k
periodicni organizaciji sreCanj urednikov znanstvenih revij
s cillem spodbujanja sodelovanja, medsebojne podpore,
vklju€evanja mladih v urednisko delo ter krepitve zavesti o
pomenu lokalnega izdajanja znanstvenih revij za znanstve-
no in Sirso druzbeno skupnost.

V razpravi so sodelovali: John Kastelic, dr. vet. med., dok-
tor znanosti, profesor na Veterinarski fakulteti Univerze
v Calgaryju (Kanada) in glavni urednik revije Canadian
Veterinary Journal (CVJ) (10), ki je predstavil izkusnje izdaja-
nja revije CVJ. CVJ je mesecna strokovno recenzirana znan-
stvena revija, ki pokriva znanstveni razvoj v veterinarski
medicini. Ustanovljena je bila leta 1960 in je uradna revija
Kanadskega veterinarskega zdruzenja. CVJ je »glasnik ve-
terinarske medicine v Kanadi«. V tej mese¢ni publikaciji so
objavljeni razlicni strokovno pregledani ¢lanki, redne kolum-
ne, novice in poslovne informacije, namenjene kanadskim
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of the Canadian Veterinary Association. The CVJ is the “voice
of veterinary medicine in Canada”. This monthly publication
contains a variety of peer-reviewed articles, regular columns,
news and business information aimed at Canadian veteri-
narians in private or public practise, industry or academia.
Svjetlana Kalanj Bognar, MD, PhD, professor at the Faculty of
Medicine of the University of Zagreb and editor-in-chief of the
Croatian Medical Journal, shared her experience of publishing
the CMJ (8), which is published by the three main universities
in Croatia, the University of Zagreb, the University of Rijeka
and the University of Split. The journal has an impact factor
of 1.5 and, like the SVR, combines science and art through its
innovative covers, both of which aim to harness the power
of collaboration between scientists and artists in presenting
and communicating new discoveries. Gregor SerSa, PhD,
PhD, professor at the Ljubljana Oncology Institute, member
of the Academy of Sciences and Arts and editor-in-chief of
Radiology and Oncology. Radiology and Oncology is a journal
published by the Association of Radiology and Oncology and
has an impact factor of 2.1. Dr. SerSa emphasised the histori-
cal importance of the journal, which was founded in 1964 as
Radiologia Yugoslavica and at that time covered the field of
radiology for the whole of Yugoslavia. In 1992, the focus of
the journal shifted to radiologic imaging and its application in
oncology. He emphasised the multidisciplinary nature of the
journal and its aim to publish original and high quality scien-
tific articles and reviews in the fields of oncological imaging,
interventional radiology, nuclear medicine, radiotherapy, clini-
cal and experimental oncology, radiobiology, medical physics
and radiation protection, as well as articles on more general
aspects of interest to radiologists and oncologists. Masa
Cater, PhD in biotechnology, researcher at the Faculty of
Biotechnology at the University of Ljubljana, editor-in-chief of
the e-publication eSinapsa, which aims to disseminate knowl-
edge and findings in the field of neuroscience. It is aimed at
Slovenian neuroscientists and other Slovenian scientists and
professionals with an interest in neuroscience. Publications
include short scientific and technical papers, book presenta-
tions, conference reports and historical records. Dr. Cater is
also the social media editor of Slovenian Veterinary Research.
Publishing on social networks enables the effective dissemi-
nation of scientific information to a wider audience and thus
contributes to increased visibility of the journal, strengthens
its role in the scientific community and at the same time in-
creases interest in scientific fields outside scientific circles.

The workshop on the importance of academic journals was
organised because we felt the need for an in-depth discus-
sion on the future of academic publishing and its indepen-
dence in the age of large publishers. Academic journals are
not only a means of publishing research results, but also play
a key role in maintaining the high quality of scientific contribu-
tions and promoting the research work of academic institu-
tions and scientific societies, fostering collaboration between
researchers and increasing the international visibility of sci-
entific fields and institutions. Finally, scientific journals play a
key role in training new generations of scientists, promoting
transparent and high-quality publication of scientific research
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veterinarjem v zasebni ali javni praksi, industriji ali akadem-
ski sferi. Svjetlana Kalanj Bognar, dr. med., doktorica znano-
sti, profesorica na Medicinski fakulteti Univerze v Zagrebu
in glavna urednica revije Croatian Medical Journal, ki je
predstavila svojo izkusnjo z izdajanjem CMJ (8), pri kate-
rem sodelujejo tri glavne univerze na Hrvaskem — Univerza
v Zagrebu, na Reki in v Splitu. Revija ima faktor vpliva 1,5 in
podobno kot SVR zdruzuje znanost z umetnostjo s svojimi
inovativnimi naslovnicami, s ¢imer oboji zelimo izkoristiti
mo¢ sodelovanja znanstvenikov in umetnikov pri posredo-
vanju in komuniciranju novih odkritij. Gregor SerSa, univ.
dipl. biol., doktor znanosti, profesor na Onkoloskem insti-
tutu Ljubljana, ¢lan Akademije znanosti in umetnosti ter
glavni urednik revije Radiology and Oncology, ki jo objavlja
ZdruZenje za radiologijo in onkologijo in ima faktor vpliva 2,1.
Dr. Sersa je osvetlil njen zgodovinski pomen, saj je revija za-
Cela izhajati leta 1964 kot Radiologia lugoslavica in je pokri-
vala podrocCje radiologije za tedanjo celotno Jugoslavijo.
Leta 1992 se je fokus revije usmeril v radiolosko slikanje
in njeno uporabnost v onkologiji. Izpostavil je multidiscipli-
narnost revije ter njen namen objavljanja izvirnih in visoko-
kakovostnih znanstvenih clankov ter preglednih ¢lankov s
podroCja onkoloSkega slikanja, intervencijske radiologije,
nuklearne medicine, radioterapije, klini¢ne in eksperimen-
talne onkologije, radiobiologije, medicinske fizike in varstva
pred sevanjem ter tudi prispevkov o splosnejsih vidikih, ki
zanimajo radiologe in onkologe.

Masa Cater, univ. dipl. bioteh., doktorica znanosti, razisko-
valka na Biotehniski fakulteti Univerze v Ljubljani, glavna
urednica e-publikacije eSinapsa, katere namen je Sirjenje
znanja in spoznanj s podroCja nevroznanosti slovenskim
nevroznanstvenikom in drugi SirSi slovenski znanstveni in
strokovni javnosti, ki jo nevroznanost zanima. Objave zaje-
majo krajSe strokovne in znanstvene prispevke, predstavitve
knjig, porocila s konferenc in zgodovinske zapise. Dr. Cater
je hkrati tudi urednica druzbenih omrezij revije Slovenski
veterinarski zbornik. Objavljanje na socialnih omrezjih na-
mre¢ omogoca ucinkovito Sirjenje znanstvenih informacij
SirSijavnosti in s tem prispeva k vecji prepoznavnosti revije,
krepi njeno vlogo v znanstveni skupnosti in hkrati povecuje
zanimanje za znanstvena podrocja tudi izven znanstvenih
krogov.

Delavnico o pomenu znanstvenih revij smo organizirali, ker
smo zaznali potrebo po poglobljeni razpravi o prihodnosti
akademskega zalozniStva in njegove neodvisnosti v Casu
velikih zalozniskih his. Znanstvene revije namrec niso le
sredstvo za objavo raziskav, temvec imajo klju¢no vlogo pri
ohranjanju visoke kakovosti znanstvenih prispevkov in pro-
mociji raziskovalnega dela akademskih institucij in znan-
stvenih drustev, spodbujanju sodelovanja med raziskovalci
ter poveCanju mednarodne prepoznavnosti znanstvenih
podrocij in institucij. Ne nazadnje so znanstvene revije po-
membne za izobrazevanje novih generacij znanstvenikov,
promocijo transparentnega in kakovostnega objavljanja
znanstvenih raziskav, komunikacijo znanosti s stroko in Sir-
So javnostjo. Hkrati sta zelo relevantna tudi izobrazevanje



and communicating science to the scientific community and
the general public. At the same time, it is also very important
to train new generations of peer reviewers and raise aware-
ness of the importance of participating in peer review. We
need to recognise that science is a team effort and that it
is everyone’s responsibility to create new knowledge for the
benefit of animals and humans. Co-creation of scientific jour-
nals is therefore important to ensure quality and innovation in
all these areas.

We would like to express our sincere gratitude to all partici-
pants who, with their knowledge, experience and commit-
ment, greatly enriched the discussions and helped to raise
awareness of the importance of harmonious collaboration
between authors, reviewers and editors. At the JRC, we strive
to continuously improve the editorial process and maintain
the long tradition of local publication of a scientific journal.
This tradition enables the networking of researchers, clinical
professionals and educators, which contributes to the devel-
opment of global knowledge, the promotion of scientific dia-
logue and the advancement of veterinary medicine.

Finally, we invite all readers to visit the website of our journal
Slovenian Veterinary Research. There you will find the latest
scientific articles, research results and current information
from the field of veterinary medicine. | also invite you to fol-
low our social networks (accessible via the website) to keep
up to date with news, interesting events and opportunities
for collaboration. We are also pleased to announce a special
issue entitled “Comparative Cancer Biology and Oncology”
(Call for Papers: Comparative Cancer Biology and Oncology
| Slovenian Veterinary Research), which emphasises the im-
portance of understanding the similarities and differences in
cancer susceptibility, disease aggressiveness and response
to therapy between different animal species and humans.
Knowledge in this area will contribute significantly to the de-
velopment of treatment options for all.

The editors of the special edition are:

— Klementina Fon Tacer, DVM, PhD, Texas Tech University
School of Veterinary Medicine, Amarillo, Texas, USA

— Natasa Debeljak, Univ. Dipl. Biol., PhD, Faculty of Medicine,
University of Ljubljana, Ljubljana, Slovenia

— Simona Kranjc Brezar, Univ. Dipl. Biol., PhD, Oncology
Institute Ljubljana, Slovenia

If you have interesting research papers, clinical cases or re-
view articles on this topic, we cordially invite you to submit
your contributions! Your participation will make an impor-
tant contribution to the understanding and development of
oncology.

novih generacij ocenjevalcev in ozaveSCanje 0 pomenu
sodelovanja pri ocenjevanju clankov strokovnih kolegov.
Zavedati se moramo, da je znanost skupinsko delo in od-
govornost vseh, ki pri tem sodelujemo, da ustvarjamo novo
znanje za dobrobit zivali in ljudi. Soustvarjanje akademskih
revij je zato klju¢no za zagotavljanje kakovosti in inovativno-
sti na vseh teh podrocjih.

Iskreno se zahvaljujemo vsem udelezencem, ki so z zna-
njem, izkusnjami in predanostjo pomembno obogatili raz-
prave ter prispevali k ozaveS¢anju o pomenu usklajenega
sodelovanja avtorjev, ocenjevalcev in urednikov. V SVZ si
prizadevamo za stalno izboljSevanje uredniskega procesa
in ohranjanje dolgoletne tradicije lokalnega izdajanja znan-
stvene revije. Ta tradicija omogoCa povezovanje razisko-
valcey, klinicnih strokovnjakov in pedagogov, kar prispeva
k razvoju globalnega znanja, spodbujanju znanstvenega
dialoga ter napredku veterinarske medicine.

Vse bralce vabim k obisku spletne strani (Slovenian
Veterinary Research) nase revije Slovenski veterinarski zbor-
nik, kjer lahko dostopate do najnovejsih znanstvenih c¢lan-
kov, raziskav in aktualnih informacij s podro¢ja veterinarske
znanosti. Prav tako vas vabim k spremljanju nasih socialnih
omrezij (dostopnih preko spletne strani), kjer boste obves-
¢eni o novostih, zanimivostih in priloznostih za sodelova-
nje. Obenem z veseljem napovedujemo posebno Stevilko
z naslovom: »Comparative Cancer Biology and Oncology«
(Call for Papers: Comparative Cancer Biology and Oncology
| Slovenian Veterinary Research). Ta zbirka ¢lankov bo po-
udarila pomen razumevanja podobnosti in razlik v dovzet-
nosti za raka, agresivnosti bolezni ter odziva na terapijo
med razlicnimi zivalskimi vrstami in [judmi. Znanje na tem
podro¢ju pomembno prispeva k razvoju terapevtskih moz-
nosti za vse.

Urednice posebne izdaje so:

— Klementina Fon Tacer, dr. vet. med., doktorica znanos-
ti, Sola veterinarske medicine Univerze Texas Tech,
Amarillo, Teksas, ZDA

— Natasa Debeljak, univ. dipl. biol.,, doktorica znanosti,
Medicinska fakulteta Univerze v Ljubljani, Ljubljana,
Slovenija

— Simona Kranjc Brezar, univ. dipl. biol., doktorica znanos-
ti, Onkoloski institut Ljubljana, Slovenija

Ce imate zanimive raziskave, klinine primere ali pregledne
Clanke na to temo, vas toplo vabimo k oddaji prispevkov!
VaSe sodelovanje bo prispevalo k poglobljenemu razume-
vanju in razvoju onkologije.
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Abstract: Canine distemper virus (CDV) is a highly contagious and often fatal virus that
affects members of the Canidae family. Foxes are susceptible to CDV, and outbreaks
among fox populations have been reported in several species. The symptoms of
distemper in foxes are similar to those in domestic dogs. Foxes may contract the
virus directly from infected animals or via exposure to a contaminated environment.
Among domestic animals’ dogs are often a source of infection for domestic and wildlife
populations, whileamong wildlife primary sources are other wildlife through direct contact
or vectors such as insects. This review comprehensively discusses the virus itself, its
pathology, clinical signs, diagnostic methods, treatment options, preventive measures,
and its impact on fox populations. Wildlife veterinarians and researchers monitor and
study the impact of diseases like distemper on fox populations. Understanding the
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spread and prevalence of such diseases is crucial for wildlife conservation efforts.

Introduction

Canine Distemper Virus (CDV) is a pathogen causing
significant morbidity and mortality in both domestic and
wild carnivores (1). This virus is predominantly associated
with dogs, which are largely responsible for its spread into
wildlife populations that had not been previously exposed

@).

CDV's impact is a major concern for the conservation and
health of wild species (3). In recent decades, this highly
infectious disease has contributed to the decline of some
wild carnivore populations due to its susceptibility to the
virus (4). Factors facilitating the spread of CDV include a
wide host spectrum, genetic variability, uncontrolled animal
movement, environmental changes, and habitat reduction
(5, 6).

Treatment options for CDV are limited, with vaccination
being the primary preventative measure (6). Diagnosing
CDV based solely on clinical signs can be challenging, as
it shares respiratory, neurological, and gastrointestinal
symptoms with other diseases like rabies, parvovirus,
toxoplasmosis, and feline panleukopenia (4).

The prevalence of Canine Distemper Virus (CDV) in wildlife
has been explored in a limited number of studies, most of
which focus on symptomatic or dead animals (7). Among
all wild carnivores, foxes are notably affected by CDV.

The Canidae family is divided into two tribes: the Canini
tribe, which includes dogs, wolves, jackals, and coyotes,
and the Vulpini tribe, which consists of foxes (8). Foxes,
small to medium-sized omnivorous mammals (9, 10),
are characterized by their upright triangular ears, pointed
snouts, and long bushy tails (11, 12). They inhabit every
continent except Antarctica and comprise 12 species (13,
14). Some fox species, such as the Vulpes vulpes necator,
Vulpes bengalensis, and Vulpes chama are classified as
vulnerable or critically endangered (15). Foxes are highly
adaptable predators, with species like Vulpes vulpes often
found in urban areas that benefit from readily available food
and shelter (16).

This review comprehensively discusses the virus itself, its
pathology, clinical signs, diagnostic methods, treatment
options, preventive measures, and its impact on different
foxes species populations.
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Canine Distemper Virus Structure

Table 1: Fox species and countries where the CDV has been reported

Specie Country Reference
Negative-sense single-stranded RNA virus having a USA (11,22-27)
diameter of about 100-250nm (4, 17). It belongs to the
genus Morbillivirus of the family Paramyxoviridae (4, 17). Norway (20)
It possesses a helical nucleocapsid (N) surrounded by a Italy (6,7,18,21,28,29)
lipoproteinenvelop structure (17). The RNAgenome consists Spai
. A ; pain (5,30,37)
of six genes that code for a single envelope-associated
protein — matrix (M), two glycoproteins (hemagglutinin(H), Portugal )
fusio_n protein (F)), a_nd two transcr_iptase—assoc_iated Croatia @
ﬁ))r.otems (phosphoprotein (P), large protein (L) (4, 5) (Figure Sermany (7.9.9,32,52-35)
55/222;68 (Vulpes Denmark (7,16, 36)
The haemagglutinin (H) protein is responsible for the Switzerland 7
first virus-host cell interaction and initial virus entry into a
host (4). Due to its higher genetic and antigenic variation Greece (37)
than other viral genes, the H gene is a pivotal target for Austria (38)
investigating the genetic and antigenic diversity of the :
Canine Distemper Virus. Studies have revealed significant Slovenia 38)
genetic diversity in the H gene, identifying various Czech Republic (19)
geographically distinct genotypes such as Asia-1, Asia-2, Belgium (39)
Europe-1, Arctic, America-1, America-2, Wildlife, Arctic-
Like, and others. This diversity has made the H gene the Luxembourg (10)
primary focus of molecular epidemiological studies on  pesert foxes (Vulpes
CDV. Researchers have identified seven major lineages  macrotis arsipus) USA (40)
based on the genetic relationships among complete H
gene sequences of different CDV strains. These lineages f,ﬁ,eey,g‘;ﬁéﬁ[ffsy)on USA (11,22-24, 26, 41-45)
include America-1, America-2-5, Arctic-like, Asia-1-4, Asia- - _
2, Europe-1, Europe-Wildlife, Caspian, Asia 4—6, Rockborn- Efal;t?o’ira%gfo%ex Brazil (46, 47)
like, India-1/Asia-5, Asia-6, South Africa, East Africa, and  griseus) Argentina (48)
South America-2-3 (4, 17-19). Culpeo (Dusicyon
CLt/J/gaeus)u 4 Argentina (48)
Host Range Uyoalopex fupes)  CMe )
In recent years, CDV has been detected in various hosts  Fennec foxes (Vulpes ¢ - ®)
beyond canids (17). It is regarded as a multi-host and  2erda)
globally distributed pathogen (20). Among the vertebrate siand fox (Urocyon California USA (50, 57)

groups where CDV has been reported are included: Canidae littoralis catalinae)

dogs, wolves, fox, dingo, African dogs), Ailuridae (red
( 9 9 g) ( Artic fox (Vulpes Norway

panda), Mephitidae (skunks), Mustelidae (ferrets, minks,

; ) . I
otters, badgers), Procyonidae (raccoons), Ursidae (giant agopus) USA

(hyenas), Viverridae (binturongs and civet), non-human  crab-eating fox

(Cerdocyon thous) Colombia

primats (Macaca mulatta, Macaca fascicularis, Macaca

(

(
pandas), Felidae (lions, tigers, and leopards), Hyaenidae Brazil (53-55)

(
fuscata), Tayassuidae (Pecari tajacu), and marine mammals (

Argentina

(seals, dolphins, porpoises) (8, 20, 21).

Pampas fox

(Lycalopex Brazil (53, 58)
Table 1 and Figure 2 describe the geographical distribution  gymnocercus)
of_ cbv reports available to ’_[he moment of ’Fhe writing of hoary fox (Lycalopex 5. ,
this manuscript, across 15 different fox species all around  vetulus) razi (3,54)
the world. swift foxes (Vulpes

velo) P USA (59)
Pathogenesis and transmission routes Lﬂeﬁggglgjg)(Vu/Pes India 60)
CDV is known for its high contagiousness and rapid Bat-eared foxes Africa ©1)

transmission among susceptible hosts (4). Thevirus causes ~ (Otocyon megalotis)
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Figure 1: Structure of the Virion and Genome of Canine Distemper Virus (F- fusion protein, M-Matrix protein, P- phosphoprotein, L — large protein, H —
hemagglutinin protein, N — nucleocapsid). (Adapted from 4).
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Figure 2: Distribution worldwide of fox species where CDV was reported. (Author: Andreia Garcés)

an acute, highly immunizing infection, which requires lasting only between 20 minutes to 3 hours when in contact
dense host populations for its long-term persistence (18, with tissue or exudates (4).

26, 62). CVD is resistant to cold temperatures but is rapidly
inactivated by factors such as ultraviolet light, oxidizing The transmission of CDV occurs through direct contact or

agents, detergents, heat, lipid solvents, or dissection (4, 30).  aerosolized fluids such as oral and respiratory secretions
At room temperature (around 25°C), its viability is limited, (including coughing, sneezing, licking, and biting), ocular
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fluids, urine, faeces, and blood. It can also spread through
shared contaminated food and water during the acute
phase of infection (4, 21, 26). The host can shed the virus
for 60-90 days post-infection (26). In domestic dogs,
transplacental infection has been observed (21). CDV can
also be transmitted via fomites at room temperature or
lower for several hours (63). In wildlife, infections can occur
throughout the year, but there is often a peak in cases during
spring and summer, correlating with higher susceptibility in
juveniles (63).

The virus often enters the host via the respiratory tract,
primarily affecting the epithelial cells of both the respiratory
and gastrointestinal tracts. Its initial replication takes place
within these mucosal epithelial cells (20, 26) (Figure 3a).

The virus then spreads within the respiratory and
gastrointestinal tissues and continues replicating. This
leads to the development of respiratory and gastrointestinal
clinical signs, as illustrated in Figure 3b. Rapidly, the
virus spreads to regional lymph nodes (lymphotropism)
(17), multiplies within macrophages and then enters the
bloodstream, disseminating throughout the various organs
and tissues of the body (25, 26) (Figure 3c). The virus can
potentially affect immune cells during viremia, resulting
in immunosuppression. It can also cross the blood-brain
barrier, subsequently infecting neurons and glial cells.
This invasion into the central nervous system leads to the
development of neurological signs (3, 4, 28) (Figure 3d).
Then, the virus is released by the apical surface of epithelial
cells through aerosol and contaminates other animals

Respiratory tract

(Figure 2e). CDV demonstrates extended persistence in
tissues such as neurons, urothelium, foot pads, and uvea.
In healthy animals that develop antibodies, the virus is
typically cleared approximately 14 days following infection.
However, even if the animal recovers, it can continue to
shed the virus in its urine for 60-90 days (42).

Clinical signs

The severity of the infection is influenced by various factors,
including the host's immune status, age, and the virulence
of the strain (21). Approximately 50-70% of dog infections
are subclinical, presenting non-specific symptoms or
mild, self-limiting respiratory signs (21). Similarly, such
subclinical infections are likely to occur in wild hosts, such
as foxes. The clinical signs in foxes are very similar to other
members of the Canidae family (37).

The clinical manifestations of CDV infection include
neurological, respiratory, and gastrointestinal signs (4, 5,
17). There are two main clinical forms: acute systemic and
chronic nervous (4, 21). Early signs, such as listlessness,
loss of appetite and fever, are often overlooked (4). The
acute systemic phase, occurring 2-3 weeks post-infection,
presents clinical signs such as fever, anorexia, rash,
coughing, dyspnoea, dehydration, mucopurulent oculonasal
discharge, optic neuritis, dermal manifestations including
pustular dermatitis (distemper exanthema), chorioretinitis,
rhinitis, uveitis, hyperkeratosis of the nose, foot pads and
eyelids, vomiting, conjunctivitis, depression, jaundice, and

Respiratory tract
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epithelium

(e)
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Figure 3a-3d: Pathogenesis of Canine Distemper Virus. (Author: Andreia Garcés)
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Figure 5: Vulpes vulpes pneumonia (A) where the lungs were incompletely deflated, diffusely and mildly oedematous, and the right cranial and middle
lobes had multifocal to coalescing, dark red, consolidated area. Enteritis (B). (Author: Andreia Garcés/Isabel Pires)

diarrhoea (4). During this phase, the virus can be foundin all  brain region. These include abnormal behavior, diminished
body secretions (4, 42) (Figure 4). fear of humans, seizures, hyperesthesia, cervical rigidity,

paresis or paralysis, tetraparesis with sensory ataxia,
The neurological phase typically arises 2-3 weeks after the  chewing gum-like mouth movements, incoordination, as
initial infection, with acute and chronic presentations. The well as cerebellar and vestibular signs, cycling motions,
progression and variety of signs depend on the affected and blindness (4). Approximately 20 days post-infection,
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inflammation, reduced myelin synthesis (demyelination),
and metabolic dysfunction often result in the death of
the animal within 2 to 4 weeks (42). Additionally, the
compromised immune state post-CDV infection frequently
exacerbates clinical signs due to secondary bacterial
infections of the skin and respiratory tract (4).

CDV can affect tooth buds and ameloblast in very young
animals, leading to enamel hypoplasia, juvenile cellulitis
and bone lesions (4, 64).

In terms of clinical pathology, CDV infection may result in
various hematological and biochemical changes, including
lymphopenia, thrombocytopenia, regenerative anemia,
reduced albumin levels, and increased concentrations of
alpha- and gamma-globulins (64).

Post-mortem findings

During a necropsy, samples collected for examination
should include the spleen, tonsil, lymph node, stomach,
kidney, lung, duodenum, urinary bladder, and brain (63).
The most significant gross lesions observed in cases of
Canine Distemper Virus infection are pneumonia, depletion
of lymphopoietic organs, hyperkeratosis of the nose, foot
pads, and eyelids, emaciation and dehydration (Figure 5)
64).

Microscopic examination often reveals the presence of
eosinophilic intracytoplasmic inclusion bodies, which
are more common, and intranuclear inclusion bodies,
particularly in the central nervous system, urinary bladder,
and bronchial epithelium (4, 5). It is also possible to observe
perivascular lymphoplasmacytic infiltration in areas of
demyelination and neuronal degeneration of the CNS,
lymphohistiocytic  polioencephalitis, diffuse interstitial

pneumonia, broncho interstitial pneumonia, pustular
dermatitis. Syncytial giant cells in the lungs and CNS white
matter, anterior uvea, and lymph nodes may also be present
(65) (Figure 6).

Canine Distemper Virus and Fox
Populations

CDV poses significant risks to fox populations, with
outbreaks leading to illness and high mortality rates,
especially among young or immunocompromised
individuals. The severity of the disease can vary among
individuals and populations (4, 66). For instance, the Island
fox population (Urocyon littoralis) on Santa Catalina Island,
California, USA, has been experiencing a decline since
1999. Research indicates that CDV is partly to blame for
this decline, likely due to the introduction of raccoons (50,
57).

Outbreaks of CDV can significantly influence the dynamics
of fox populations. In certaininstances, the virus may lead to
fluctuations in population size, characterized by increased
mortality rates during outbreaks. The degree to which
CDV impacts these populations can vary, depending on
factors like the density of the fox population, the presence
of additional stressors, and the availability of susceptible
individuals(17, 32, 34).

Fox populations may have developed some level of
coexistence with CDV over time (67). Fox populations may
have developed immune responses that provide some
level of resistance to CDV (68). Through natural selection,
individuals with genetic variations that confer greater
immunity to the virus may be more likely to survive and
reproduce, leading to the prevalence of these traits within
the population over time (35, 69). Also, through passive

B

. 2 !Dl..":"l\

Figure 6: CDV infected Vulpes vulpes (A) eosinophilic inclusions in bronchial epithelium, H&E, 400x, (B) Lung syncytial cells, H&E, 200x. (Author: Isabel

Pires)
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immunity maternal antibodies could provide protection to
fox pups during the critical early stages of life when they
are most vulnerable to infections like CDV (70). Foxes might
exhibit behaviors that reduce their risk of contracting CDV
or limit the spread of the virus within their populations. For
example, foxes could alter their social behavior to minimize
direct contact with infected individuals, reducing the
likelihood of transmission (71).

Diagnosis, treatment, and prevention

The diagnosis of CDV infection based only on clinical signs
can lead to a false diagnosis since the clinical signs are
similar to other diseases (64). Ante-mortem diagnosis can
be achieved using methods like immunofluorescence assay
(IFA), serological tests, cell culture, or reverse transcription—
polymerase chain reaction (RT-PCR) (63). Post-mortem
diagnosis can be done by observing CDV inclusion bodies
in various organs (4).

To enhance the accuracy of serological results for canine
distemper virus (CDV) in foxes using ELISA tests, it's
imperative to consider potential adaptations of cut-off
values tailored specifically for this species (72). This entails
analyzing a robust dataset of serum samples collected
from healthy fox populations to establish species-specific
cut-off values. Additionally, accounting for geographic
variation in CDV prevalence and antibody levels among fox
populations is crucial, necessitating adjustments based
on regional disease dynamics (5). Age-related differences
in immune response should also be taken into account,
potentially warranting age-specific cut-off values to
accurately assess serological status across different age
groups (73). Longitudinal monitoring of antibody levels
in fox populations can provide insights into temporal
trends, facilitating refinement of cut-off values over time.
Furthermore, validation studies comparing the performance
of alternative cut-off values in terms of sensitivity and
specificity are essential to identify the optimal threshold
for accurate detection of CDV antibodies in foxes (74).
By integrating these potential adaptations and employing
rigorous quality control measures, such as standardization
of laboratory protocols and proficiency testing, we can
improve the reliability of serological testing and enhance
our understanding of CDV prevalence and dynamics in wild
fox populations (51, 75).

Unfortunately, there is no specific antiviral treatment
for CDV infection in foxes or any other species (4, 66).
Treatment for CDV in foxes primarily focuses on supportive
care to manage symptoms and complications associated
with the disease. All infected animals should be isolated
from other susceptible hosts. Symptomatic treatment,
that includes fluid therapy, respiratory control, nutritional
support (vitamin A supplementation can be added),
temperature control, and control of secondary infections
can be applied. Early intervention can improve the chances

of a more favourable outcome (42, 76). In cases where the
CDV infection is severe, causing irreversible damage or
suffering that cannot be alleviated by treatment, euthanasia
may be considered to prevent further distress to the animal
(50, 64).

Preventing CDV infection in foxes primarily involves
implementing measures to reduce exposure to the virus
and promoting immunity through vaccination (58, 62).
Vaccination is the most effective strategy against CDV
infection. Various vaccines have been developed, eliciting
differing responses across species. Vaccines are available
for domestic dogs and can indirectly benefit fox populations
by reducing the circulation of the virus in the environment
(70). Vaccination programs for domestic dogs should be
comprehensive and include regular boosters to maintain
immunity. Additionally, efforts should be made to vaccinate
captive fox populations, such as those in rehabilitation
centers or wildlife parks, where feasible (12, 32, 76). Avian
cell-adapted CDV vaccines have proven highly effective in
fennec and red and grey foxes. The canarypox-vectored
vaccine has also been effective in fennec foxes (4). These
vaccines can be administered via parenteral, intranasal,
and intraduodenal routes. It is necessary to monitor
continuously and study genetic and antigenic drift in
circulating CDV strains to ensure the effectiveness of the
vaccine in preventing infection (17).

Minimizing contact between foxes and other animals,
particularly domestic dogs, reduces the risk of transmission
(4,58, 62). This may involve implementing measures to deter
foxes from entering areas frequented by dogs or managing
waste and food sources to reduce attraction (4, 38).
Minimizing environmental contamination through proper
disposal of carcasses and contaminated materials, as well
as regular cleaning and disinfection of areas frequented by
foxes, can help reduce the risk of transmission (38).

Regular surveillance and monitoring of foxes and other
wildlife populations can provide valuable data on disease
prevalence, including CDV, and help identify outbreaks
or emerging threats (42, 76). This may involve collecting
biological samples (e.g., blood, tissue, faeces) for
laboratory testing, conducting necropsies on deceased
animals to determine the cause of death, and implementing
disease surveillance programs in collaboration with
wildlife management agencies, research institutions, and
conservation organizations (33, 47).

Conclusions

CDV infection poses a significant concern for wildlife
conservation, particularly for endangered or threatened
canid species. Outbreaks of the disease can exacerbate
the threats to already vulnerable populations. It is crucial
to understand the dynamics of CDV within fox populations,
as this knowledge is vital for both wildlife management
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and the health of domestic animals. This understanding
underscores the interconnectedness of ecosystems and
the potential impact of infectious diseases on wildlife
populations. Efforts towards wildlife conservation may
involve monitoring for disease outbreaks, implementing
vaccination programs, studying population dynamics, and
exploring interactions between domestic and wild canid
populations.
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KrozZenje in predstavitev virusa pasje kuge med razlicnimi vrstami lisic
A. Garcés, F. Silva, I. Pires

Izvle€ek: Virus pasje kuge (CDV) je zelo nalezljiv in pogosto smrtonosen virus, ki prizadene pripadnike druzine Canidae.
Lisice so dovzetne za CDV, o izbruhih v populacijah lisic pa so porocali pri veC vrstah. Simptomi kuge pri lisicah so
podobni tistim pri domacih psih. Lisice se lahko z virusom okuzijo neposredno od okuzenih zivali ali z izpostavljenostjo
okuzenemu okolju. Med domacimi zivalmi so psi pogosto vir okuzbe za domace in divje zivalske populacije, med divjimi
Zivalmi pa so glavni vir okuzbe druge divje zivali prek neposrednega stika ali prenasalcey, kot so zuzelke. Ta pregled
izCrpno obravnava virus, njegovo patologijo, klinicne znake, diagnosticne metode, moznosti zdravljenja, preventivne
ukrepe in njegov vpliv na populacije lisic. Veterinarji in raziskovalci prostozivecih Zivali spremljajo in preucujejo vpliv
razlicnih bolezni, kot je kuga, na populacije lisic. Razumevanje prenosa in razsirjenosti teh bolezni je klju¢no pri priza-
devanjih za ohranjanje prostozivecih zivali.

Kljucne besede: virus pasje kuge; lisica; Vulpes vulpes; Canidae; virus; obolevnost
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Abstract: This study aimed to compare the effects of a single dose of GnRH or hCG
administered at the beginning of the short-term oestrus synchronization protocol on
>4 mm diameter follicles in Saanen goats during the breeding season. The goats es-
trus cycles were synchronized with intravaginal sponges containing 60 mg of medroxy-
progesterone acetate for five days. Additionally, T ml of physiological saline solution
(control-group; n=30), 0.004 mg of buserelin acetate (GnRH-group; n=31) or 150 IU of
hCG (hCG-group; n=31) were injected intramuscularly to the goats during the sponges
insertion. Transrectal ultrasonographic examination was performed immediately be-
fore and 24 h after intravaginal sponge application into all goats and follicles with a
diameter of =4 mm in the ovaries were counted. Blood samples were collected on the
same days to determine serum progesterone (P4) and estradiol (E2) concentrations.
At the first ultrasonographic examination, the percentages of =4 mm diameter follicles
were 56.66% (17/30), 54.83% (17/31) and 70.96% (22/31) in the control, GnRH and hCG
groups, respectively. The percentage of goats with reduced follicle diameters 24 h later
was 29.41% (5/17), 52.94 (9/17) and 59.09% (13/22) in the same groups, respectively.
The mean regression rates of follicle diameters between days 0 and 1 in each group
were significantly different (P<0.05). Serum E2 concentrations were significantly differ-
ent (P<0.05) between days 0 and 1 in hCG group. There were no differences in serum
E2, P4 concentrations and mean regression rates in follicle diameters between days 0
and 1 for all groups. As a result, a significant relationship between the administration
of hCG or GnRH and the reduction of large follicle diameters could not be established.

Introduction

Goat breeds located in temperate and subtropical latitudes
generally show seasonal breeding behavior (1), resulting
in seasonal fluctuations in the availability of goat prod-
ucts such as milk and meat. Controlling the seasonality
of goat reproduction is a way to overcome this problem.
Nowadays, assisted reproductive technologies such as ar-
tificial insemination (Al) and multiple ovulation and embryo
transfer (MOET) allow faster genetic progress on farms by
increasing the number of offspring from animals with high
genetic merit, also creating a great opportunity for farm-
ers and industry (2, 3). The induction and synchronization
of estrus using exogenous hormones in goats is the most

important reproductive management tool for the applica-
tion of these techniques (1-4). The success of these tech-
nologies depends on the developmental stage of the fol-
licles in the ovaries at the time of application of exogenous
hormones (3, 5). Hence, the synchronization of the follicu-
lar wave is important to achieve high fertility rates in both
Al and MOET. Because of their ease of use, and availabil-
ity, progestogen sponges such as medroxyprogesterone
acetate (MAP) or fluorogestone acetate (FGA) have been
the most commonly used exogenous hormones in goats
(4-7). The target of traditional long-term protocols devel-
oped with a focus on the lifespan of the corpus luteum is to
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reduce the secretion of luteinizing hormone (LH) that pre-
vents the occurrence of estrus, the preovulatory LH surge,
and ovulation, and to allow them to occur after progestagen
removal (6, 7). Nevertheless, in long-term protocols, serum
progesterone concentrations decrease to subluteal levels
6 days after treatment and remain at subluteal level until
days 10-14 when the sponge is withdrawn (8). Subluteal
progesterone concentrations cannot adequately suppress
LH, leading to the development of abnormal and perma-
nent follicles and adversely affect the fertility of oocytes,
and the function of the corpus luteum (6, 8-10). Currently,
data based on the dynamics and regulation of follicular de-
velopment have led to the design of new follicle-focused
protocols (8). New short-term protocols based on 5-7 days
of progesterone administration have provided better con-
trol of preovulatory events and ovulation, resulting in similar
or higher pregnancy rates (3, 11). In short-term protocols
subluteal progesterone levels do not occur and the qual-
ity of preovulatory follicles, appearing 5 to 6 days after the
emergence of a new follicle wave, is not affected (4, 8, 11-
13). Our hypothesis was to examine whether hCG or GnRH
administered at the beginning of the short-term estrus syn-
chronization protocol will cause regression of all large fol-
licles present on the ovaries at administration. Therefore,
the objective of the present study was to compare the ef-
fect of a single dose of GnRH or hCG administered at the
start of the short-term estrus synchronization protocol on
the diameter of all 24 mm follicles in Saanen goats, during
the breeding season.

Materials and methods

Animal management

This study was conducted at the Research and Application
Farm of the Veterinary Faculty, University of Bursa Uludag,
Bursa (latitude 40° 11" N, longitude 29° 04" E, altitude 155
m), Turkey. A total of 92 clinically healthy, free of reproduc-
tive disorders, and non-lactating, multiparous Saanen does
were used during the breeding season in the region. The
does were kept outdoors in a sheltered paddock under
natural photoperiod and temperature conditions and were
fed dry grain wheat hay (1500 g/doe/day) supplemented
with commercial pellets (18% crude protein; 800 g/doe/day,
2800 Kcal). No additional feed supplement was given to the
goats during the study. The goats were provided ad libitum
with clean drinking water and mineralized salt.

Estrus synchronization and hCG or GnRH treatment

Estrus was synchronized in all goats by the insertion of an
intravaginal sponge impregnated with 60 mg medroxypro-
gesterone acetate (MAP, Esponjavet, Hipra, Spain) for 5
days. The insertion day of intravaginal sponges was con-
sidered as day 0 of the study period. Subsequently all goats
were divided into three groups according to their age, body
weight, and body condition score (scale 0 to 5, according to
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the model proposed by Morand-Fehr et al (14). In groups 1
to 3, the age averaged 37.00 + 5.36, 37.90 + 4.90, and 36.70
+ 3.24 months, body weights averaged 50.25 + 3.04, 50.58
+2.92,and 50.94 + 2.17 kg, and the body condition score av-
eraged 3.09 +0.18,3.10 + 0.19, and 3.05 + 0.14, respectively;
these parameters were not statistically different between
the groups. Does in the control group (n=30), hCG group
(n=31) and GnRH group (n=31) received i.m.1 ml of physi-
ological saline solution (0.9% NacCl), 150 IU of hCG (hCG,
Chorulon, MSD, Netherlands), or 0.004 mg of buserelin ac-
etate (GnRH, Buserin, Alke, Turkey), respectively, as soon as
intravaginal sponges were placed.

Ovarian ultrasonography examination

All examinations to determine ovarian structures in goats
were performed on a real-time transrectal ultrasonograph-
ic scanner (RTU, Prosound 2, Hitachi Aloka Medical, Ltd.,
Tokyo, Japan) with a 7.5 MHz linear transducer (model UST-
660) and by the same operator. Before ultrasonic examina-
tion, the goat was placed in a standing position in a raised
narrow wooden box, after which the hydro-soluble contact
gel was applied, and the transducer was gently guided
into the rectum. Briefly, after imaging the urinary bladder
and the uterus horns on the monitor, the transducer was
rotated 45°-90° clockwise or counterclockwise to observe
both ovaries (15). Ultrasound examination of all goats was
performed just prior to sponge insertion on day 0 and re-
peated on the following day. The number and size of all fol-
licles equal or greater than 4 mm in diameter in both ovaries
were recorded. After freezing the image of each ovary on
the screen, the follicle diameter was measured using the
built-in electronic caliper system and each ovary schematic
map was drawn on a sheet of paper. The diameters of the
follicles were characterized as large (i.e. = 4mm) on day 0
and day 1. Ovarian data were then combined for both ova-
ries of each doe.

Hormonal analysis

Blood samples (8 ml) were collected from all goats by jugu-
lar venipuncture into vacuum blood tubes (Ref. Hp. 0013,
Hema & Lab. Ankara, Turkey) just before sponge insertion
and 24 h later. The tubes were immediately placed on anice
pack, transported to the laboratory, and then centrifuged at
4°C for 10 min at 1500 x g. After centrifugation, serum was
transferred to 1.5 ml micro-tubes and stored at -20 °C until
assayed for progesterone (P4) and estradiol (E2). The con-
centrations of P4 (SRB-T-86624) and E2 (SRB-T-87401) in
the blood serum were determined with commercial ELISA
kits and the results were read by the ELISA reader (ELX-
808IU Ultra Microplate Reader, BioTek, USA) according to
the manufacturer's instructions. The sensitivity of the P4
and E2 assay were 0.048 ng/ml and 0.925 pg/ml, respec-
tively. The mean intra- and inter-assay coefficients of varia-
tion were <10% and <12% for P4 and E2, respectively.



Table 1: Percentage of Saanen goats with large (=4mm diameter) follicles before (Day 0) and 24 h after (Day 1) at the intravaginal sponge insertion in
the Control, GnRH and hCG groups. All goats were synchronized using intravaginal sponges, and divided into three groups according to the treatment

with either GnRH, or hCG (Day 0) or left untreated (control) group

Control Group GnRH Group hCG Group Total
Percentage of goats with large follicles at on Day 0 56.67% (17/30) 54.84% (17/31) 70.97% (22/31) 60.87% (56/92)
Mean number of large follicles in goats 1.1840.10 1.18+0.10 1.1840.11 1.17+0.06
Percentage of goats with regression of large follicles on Day 1 29.41% (5/17) 52.94% (9/17) 59.09% (13/22) 48.21% (27/56)

Table 2: Regression rate of large (=4 mm diameter) follicles and serum E2 and P4 concentrations before (Day 0) and after 24 h (Day 1) after intravaginal
sponge insertion in Saanen goats in the Control, GnRH and hCG groups. All goats were synchronized using intravaginal sponges, and divided into three
groups according to the treatment with either GnRH, or hCG (Day 0) or left untreated (control) group

Large follicles (= 4mm)

E2 concentrations (pg/ml) P4 concentrations (ng/ml)

Day 0 (mm) Day 1 (mm) Regression rate (mm) Day 0 Day 1 Day 0 Day 1
Control Group(n=5) 4.73+0.342 3.50+0.33° 1.3740.37 29.57+4.11 21.49+2.99 2.29+0.15 2.85+0.40
GnRH Group(n=9) 4.52+0.192 3.26+0.24° 1.10+0.33 38.29+4.57 27.59+4.59 1.59+0.23 1.66+0.43
hCG Group(n=13) 4.41£0.092 3.4440.23° 0.87+0.30 37.95+5.45¢ 19194477 1.67+0.18 1.53+0.28
Total(n=27) 4.51+0.98 3.381£0.14 1.04+0.20 36.51+3.11 22.42+2.81 1.76+0.12 1.82+0.22
abxy\/alues for each parameter in the same row with different superscripts differ significantly (p<0.05)
Statistical analysis Serum P4 and E2 profile

SPSS for Windows, Version 20 was used to analyze the
study data. Results were presented as mean (+ SEM) and
differences were considered significant when the p value
was below 0.05. The normality of the distribution data was
tested by Shapiro-Wilk test. Kruskal-Wallis test was chosen
to analyze the findings. After that, Mann-Whitney U test
was used to discover the statistical differences between
the groups.

Results

Ovarian structures

The first ultrasonographic examination (day 0) performed
in all goats just before the insertion of intravaginal sponges
showed that 60.87 % (56/92) of the goats had follicles >4
mm in diameter (Table 1). In detail, these ratios were 56.67%
(17/30) in the control, 54.84% (17/31) in GnRH and 70.97%
(22/31) in hCG groups, respectively. In the ultrasonographic
examination performed 24 h after the intravaginal sponge
application, it was observed that =4 mm follicle diameters
were decreased in 29.41% (5/17) of goats in the control,
52.94% (9/17) in GnRH and 59.09% (13/22) in hCG groups,
respectively. The mean rates of =4 mm follicles diameter re-
duction were significantly different for each group between
days 0 and 1 (P<0.05), but not between the groups.

Serum progesterone concentrations at the time of sponge
insertion (day 0) revealed that 83 of 92 (90.21%) goats had
a functional corpus luteum (> 1 ng/ml). Serum E2 concen-
trations were significantly different between days 0 and 1
in hCG group (P<0.05), but not in control and GnRH groups
(Table 2). There was no difference in serum E2 and P4 con-
centrations between days 0 and 1 for all groups.

Discussion

This study showed that the insertion of sponges contain-
ing medroxyprogesterone acetate caused the regression of
>4 mm follicles in 29.41% (5/17) of the goats in the control
group. According to the results of ultrasonographic mea-
surement, an average reduction of the diameters by 1.37
mm in of the initially =4 mm follicles was observed in ap-
proximately a third of these goats after 24 h (P<0.05), while
the diameters of similar follicles did not change in the re-
maining goats in the group. In addition, there was no dif-
ference between days 0 and 1 in serum P4 and E2 concen-
trations in the control group. In the present trial, the mean
diameter reduction of the large follicles in the control group
was 1.37 mm (mm/day), which is higher compared with
those previously reported in Shiba goats (0.8-0.9 mm/day)
(16) and in Serrana goats (0.79 mm/day) (17). In addition, in
these studies, no significant differences were observed in
the regression rates of dominant follicles between follicular
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waves in natural estrous cycles in goats, except for the
ovulatory wave. The higher regression rate observed in our
study, suggests that this difference might be probably due
to fluctuation in naturally occurring plasma P4 concentra-
tions on different days of the estrous cycle. Unlike other
studies, this difference may also be due to the exogenous
administration of a progesterone analogue (medroxypro-
gesterone acetate). In goats synchronized with different
methods, plasma P4 concentration peaked on day 10 of
the estrous cycle and remained high until day 15, and then
declined rapidly (15, 16, 18).

In addition, high plasma P4 concentrations in goats caused
that the third and fourth wave emerge earlier compared
to the first and second wave of the estrous cycle (16-18),
what supports our study. Furthermore, the high regression
rate found in our study also supports the negative effect of
high plasma/serum P4 concentrations on follicular growth,
as observed in Saanen (18) and Shiba goats (16), and as
claimed by other researchers (16, 18, 19), due to the varia-
tion in plasma P4 concentrations between the middle and
the onset or end of the estrous cycle in cycling goats, de-
pending on the developmental stage of the corpus luteum.
A positive correlation was observed between high plasma
P4 concentrations and regression rates of large follicles in
P4-treated goats, and high plasma P4 concentrations were
considered as an accelerating factor in follicular turnover
(6, 8, 12). As a result, it can be claimed that in 29.41% of
the goats in the control group a new follicle wave emerged.
Daily transrectal ultrasonographic examination results in
goats showed that follicles on the ovaries developed in
wave-like patterns throughout an interovulatory interval
(15) and the first wave emerged just after ovulation (Day 0)
(16-19). This could also be a reason why most of the studies
have focused on the manipulation of the first wave, which
emerges on the ovulation day of the previous cycle, as it is
very difficult to predict when other waves would emerge (6,
8). Therefore, our study, as in researchers' studies, has been
designed to regress large follicles on the ovaries with the
insertion of intravaginal devices containing progesterone
or its analogues, thus creating a new follicle wave after the
withdrawal of intravaginal devices (Day O Protocol) (8, 20).
Also, it has been reported that a new wave of follicles does
not emerge unless the large follicles on the ovaries regress
(5,8,21). Inaprevious study, Afio-Perello et al (20) reported
that 81.1% (30/37) of large follicles regressed 24 h after in-
sertion of a controlled internal drug releasing device (CIDR)
in Segurefia meat ewes, and plasma E2 concentrations de-
creased significantly between days 0 and 1. Despite using
the same synchronization protocol in our study, no change
in serum E2 concentrations was observed between days 0
and 1 in the control group. This difference may be due to
the negative relationship between high serum/plasma P4
concentrations and the development of large follicles and
E2 synthesis. As previously reported, plasma progesterone
concentrations increase rapidly within the first 48 h after
insertion of a progesterone or progestogen-containing in-
travaginal device, reaching a peak after 3 days and then
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gradually decrease (22). Similarly, Rubianes and Manchaca
(6) reported that large follicles that grow in the mid-late lu-
teal phase do not synthesize high levels of estradiol-178
due to the high P4 concentrations produced by the corpus
luteumn. This variation may be due to natural progesterone,
breed, age, nutrition and development stage of follicles (2,
6, 8). Our results support previous studies showing that ex-
posure to high levels of exogenous progesterone or proges-
togens affects the development of large follicles and, as a
result, increases follicular turnover (2, 7).

In the current study, administration of 0.004 mg buserelin
acetate (GnRH analogue) at the time of sponge insertion re-
sulted in regression of large follicles in 52.94% (9/17) goats
in the GNRH group. An average reduction of 1.10 mm in the
diameters of larger follicles was observed in these goats.
No significant change in serum P4 and E2 concentrations
was observed between days 0 and 1. Unlike our study re-
sults, Aflo-Perello et al (20) reported significant differences
in the percentages of sheep with regression of large fol-
licles 24 h after CIDR insertion after treatment with GnRH
(50 pg gonadorelin, 7100%) or without GnRH (81.1%) during
the breeding season. Furthermore, they also observed a
significant decrease in E2 concentration between days 0
and 1 in GnRH-treated ewes. In the present trial, serum E2
concentrations did not decrease from day 0 to day 1 in the
GnRH group, suggesting that possibly large follicles were
not fully responsive to GnRH and yet not dependent on LH,
possibly due to high serum P4 concentrations. Similarly, it
has been reported that administration of GnRH 24 h after
sponge withdrawal does not improve the time of ovulation
or pregnancy rate in estrus synchronization in ewes (23)
and also did not change plasma P4 and E2 concentrations
in goats (4). On the other hand, Eppleston et al (24) report-
ed that administration of GnRH at the end of progestogen
treatment induces preovulatory secretion of LH by the an-
terior pituitary gland within 1-4 hours which ovulation im-
prove in ewes. In conclusion, the result of this experiment
supported that regression rate of large follicles in goats in
the GnRH group was probably associated with high serum
P4 concentration, but not dependent on GnRH administra-
tion. Our observation was similar to data from other re-
searchers (5, 18, 19).

In the current study, administration 150 U of hCG i.m. at the
time of the sponge insertion resulted in regression of large
follicles in 59.09% (13/22) goats, with an average reduction
of 0.87 mm in large follicle diameters between days 0 and
1 (P<0.05). E2 concentrations were significantly different
between both days (P<0.05). hCG, a powerful luteotropic
agent is a glycoprotein hormone that has a similar chemical
structure to LH, binds to the same receptor, and has a lon-
ger half-life and rapid absorption than LH (25). hCG shows
its effect on follicular growth by binding directly to LH re-
ceptors on granulosa cells in large follicles that emerge in
the luteal phase of the estrous cycle (5). As observed in our
study, hCG administration in the luteal phase may cause
faster atresia or luteinization of the large follicles and so,



decrease estradiol-178 production. Early findings in goats
(5, 16, 18) showed that estradiol-178 was mostly produced
by the largest follicle of the wave and E2 produced by other
follicles contributed less to the plasma E2 concentrations.
Therefore, the absence of such anincrease in E2 concentra-
tions on day 1 in our study may reflect a lower production of
E2 in all or some of the large follicles. In contrast, injection
of hCG in the presence of preovulatory follicles caused a
sharp increase in LH, which resulted in luteinization or ovu-
lation but no effect on the fertility rate in goats (26).

Our results indicated that the insertion of a MAP-loaded in-
travaginal sponge, regardless of the GnRH and hCG treat-
ment caused the regression of large follicles in 48.21%
(27/56) of all the treated goats. The regression of all gonad-
otropin-dependent follicles was complete in about half of
these goats, and as a result, a new follicular wave was initi-
ated in these goats. Regardless of GnRH or hCG adminis-
tration, our results support previous studies indicating that
high serum P4 concentrations affect the development of
large follicles and cause faster follicular turnover. Similarly,
administration of a single dose of GnRH or hCG at sponge
insertion did not affect the regression rate of large follicles
and serum P4 and E2 concentrations.

Conclusions

In conclusion, a significant relationship between the admin-
istration of hCG or GnRH and the reduction of large follicles
diameters or the serum concentrations of P4 and E2 could
not be established.
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Primerjava hCG in GnRH za sinhronizacijo folikularnega vala pri kozah
Saanen med sezono parjenja

|. Dogan, M. B. Toker, A. Aktar, M. M. Yilmaz, O. Huraydin, D. Udum

Izvle€ek: Namen te Studije je bil primerjati uCinke enkratnega odmerka GnRH ali hCG danega na zacetku kratkotrajnega
protokola za sinhronizacijo estrusa na folikle s premerom = 4 mm pri kozah pasme Saanen med sezono parjenja. Cikle
estrusa pri kozah smo pet dni sinhronizirali z intravaginalnimi gobicami z vsebnostjo 60 mg medroksi progesteron ace-
tata. Poleg tega smo jim v ¢asu vstavljanja gobic intramuskularno aplicirali T ml fizioloske fizioloske raztopine (kontrolna
skupina; n=30), 0,004 mg buserelin acetata (skupina GnRH; n=31) ali 150 IU hCG (hCG-skupina; n=31). Neposredno pred
in 24 ur po intravaginalni uporabi gobice smo pri vseh kozah opravili transrektalni ultrazvocni pregled in presteli jajéne fo-
likle s premerom = 4 mm. Ob istih dnevih smo odvzeli tudi vzorce krvi za dolocCitev serumskih koncentracij progesterona
(P4) in estradiola (E2). Ob prvem ultrazvocnem pregledu so bili odstotki foliklov s premerom = 4 mm 56,66 % (17/30) v
kontrolni, 54,83 % (17/31) v GnRH in 70,96 % (22/31) v hCG skupini. Odstotek koz z zmanjsanim premerom foliklov 24
ur pozneje je bil 29,41 % (5/17) v kontrolni, 52,94 % (9/17) v GnRH in 59,09 % (13/22) v hCG skupini. Povpre¢na stopnja
regresije premerov foliklov med dnem 0 in 1 se je pomembno razlikovala (P<0,05) v vseh skupinah. Koncentracija E2 v
serumu se je med dnem 0 in T pomembno razlikovala (P<0,05) v skupini hCG. V serumskih koncentracijah E2 in P4 ter
povpreéni stopnji regresije v premeru foliklov med dnevi 0 in 1 ni bilo razlik v nobeni skupini. Posledi¢no ni bilo mogoce
potrditi povezave med dajanjem hCG ali GnRH ter zmanjsanjem premera velikih foliklov.

Kljuéne besede: inhronizacija estrusa; folikel, hCG; GnRH; koza
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Abstract: Chambers are associations of legal and natural persons engaged in profitable
activity. By definition, they are a community governed by public law that is pursuing a
similar activity, founded primarily to protect the interests of its members. In Slovenia,
chambers are established to represent persons engaged in various business activities
from companies, sole traders, farmers, foresters, craftsmen, private detectives, veteri-
narians and similar. The chambers differ slightly from one another, and can essentially
be divided into three groups, namely chambers of commerce, professional chambers
and mixed-type chambers. The tasks of the chambers, their bodies and their duties, the
criteria for membership as well as the termination, financing or acquisition of funds for
operation and other important information are specified in their by-laws, the respective
law or other legal act. In this article the entire system of chambers of the Republic of
Slovenia is presented using the example of three randomly selected chambers that dif-
fer in terms of their functioning, the exercise of public powers or financing in general,
with the Chamber of Veterinarians and the Detective Chamber being explained in more
detail. We have selected these two chambers as we wanted to present one natural sci-
ence and one social science chamber. In the comparison between the detective and
veterinary chambers, we can therefore research and analyse many aspects that reflect
the diversity and specificity of each professional field. One of the reasons, why we have
chosen these two chambers is also the fact, that we as authors are or were active mem-
bers of our two chosen chambers. The comparison makes it easier to understand how
they work, as well as their similarities and differences. We found that not only the cham-
bers we selected, but most chambers operate very similarly, perform similar tasks and
have many of the same organs required for their functioning. This is probably due to the
fact that all chambers in Slovenia have developed or started to develop according to the
model of the first chamber — the Chamber of Commerce and Industry of Slovenia.

Introduction

Various definitions of the term "chamber" can be found in
in professional literature. According to Virant (1), chambers
are registered entities that unite companies or individuals
practicing a particular profession on a non-profit basis. The

Dictionary of the Slovenian Literary Language (2) states that
a chamber is a public-law community of institutions, organ-
isations engaged in a similar, related activity, established
with the aim of protecting the professional and business
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interests of its members, or a public administration com-
munity of people of the same profession, established to
protect the interests of its members. The Statute of the
Chamber of Commerce and Industry of Slovenia defines
a chamber as an independent, voluntary, interest-driven,
and non-profit association of legal and natural persons en-
gaged in profit-making activities on the market (3).

The chamber system in the Republic of Slovenia is extreme-
ly important, especially for the members of chambers who
perform certain activities, whether they are companies,
sole traders, farmers or foresters, craftsmen, doctors, pri-
vate detectives, veterinarians, and many others. Chambers
are classified as chambers of commerce, professional
chambers and mixed-type chambers (1).

All chambers have been established on the basis of certain
legal acts or agreements that define the functioning of the
chamber, its bodies, the financial resources required for its
operation and other information that is important for under-
standing the establishment of the chamber and its smooth
functioning. In addition to the legal acts, chambers prepare
annual reports, work programmes, presentations, rules,
codes, standards, and others.

The main tasks of the chambers are to achieve the goals
and realise the interests of their members. Each chamber
also has its own vision, mission and certain fundamental
tasks that it pursues. The chambers can also perform cer-
tain tasks within the scope of public powers. Public powers
are carried out in accordance with the laws governing the
chambers’ remit, in accordance with the regulations, and
on the basis of an appropriate concession or possibly an
authorisation granted to the chamber by the respective
competent ministry. One task is the issuing and revoking of
licences to practise a particular profession, such as veteri-
narian and private detective.

The article presents the Slovenian chamber system, focus-
ing on the definition of the importance of granting public
powers and the role of chambers in Slovenia. It includes
a comparison and analysis of three chambers of different
types as well as a comparison and detailed presentation of
the Veterinary Chamber and the Detective Chamber.

Overview of the system of chambers

in the Republic of Slovenia and a
comparison of the operation of selected
chambers of commerce and professional
chambers

The law according to which the entire system of chambers
was developed in Slovenia is the Chambers of Commerce
and Industry Act (4), which serves as the basis for the es-
tablishment of chambers of commerce as well as profes-
sional chambers and mixed-type chambers, which operate
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according to their own laws. Each chamber a chamber of
commerce, professional or mixed-type chamber, has its by-
laws that define the general characteristics of the cham-
ber, its goals, values, main tasks and the public powers it
exercises, the way it is structured, its functioning bodies
and their tasks, the financing of the chamber, relationship
to legal entities, the rights and obligations of its members
and others.

The first chamber established after the adoption of the Act
was the Chamber of Commerce and Industry of Slovenia
(Gospodarska zbornica Slovenije — GZS), which is also the
largest chamber in the country with the most members.
After its foundation, other chambers of commerce were
established. Professional chambers and mixed-type cham-
bers were established on the basis of an umbrella law, the
by-laws, or the laws under which they operate (1).

Depending on their status, method of establishment, pur-
pose and obligation of membership, chambers are divided
into as public-law and private-law chambers The former
are characterised by the fact that, as legal entities under
public law, by-law or any other national legal act, or by a
decree, and have public powers and can perform tasks in
the public interest (1). Within the scope of their powers, they
can decide on the rights and obligations of their members.
Article 121 of the Constitution of the Republic of Slovenia
stipulates that by or on the basis of a law, self-governing
associations, companies and other organisations as well
as natural persons, may be granted with public authority to
perform certain tasks of state administration (5).

Within the scope of their public powers, the chambers can
keep records, issue certificates, conduct administrative pro-
ceedings and issue decisions and regulations. Public pow-
ers are awarded by law. One principle that is very important
in the exercise of public powers is the principle of legality.
This means that all decisions made by a chamber must be
legally justified and comply with the content of the legisla-
tion. It must also be understood that the chambers do not
set their own conditions for granting permits, certificates or
licences, but carry out a specific activity prescribed by law
and thus only implement the law (7).

Private-law chambers, on the other hand, operate accord-
ing to the Anglo-American principle, which means that the
membership fees are not compulsory and they are pre-
dominantly market oriented. They are founded by natural
and legal persons on the basis of a private-law act, i.e, a
contract, by-laws or some other founding instrument (1).
They generally promote the interests of their members in
relation to their activities (6).

Comparing public-law and private-law chambers, it can be
summarised that the former are established by the state
through a legal act, while the latter are established by natu-
ral and legal persons through a contract or other founding
instrument. It is also worth mentioning the implementation



of tasks: the public-law chambers perform tasks for the en-
tire country, whereas private-law chambers focus more on
their members and their interests. There are notable differ-
ences in terms of membership — it is generally compulsory
for public-law and voluntary in private-law chambers (7).
In Slovenia we just have public-law chambers, but in some
other countries, such as Belgium, Great Britain, Denmark,
Ireland, Finland, Norway, Portugal, Sweden and Switzerland
the chambers of commerce are a part of private-law cham-
bers (5).

According to the type of entity, chambers are categorised
as chambers of commerce, professional chambers and a
special type of chambers, i.e., so-called mixed-type cham-
bers. Chambers of commerce are associations of econom-
ic entities, mostly companies, professional chambers are
associations of individuals engaged in a professional activ-
ity as an independent profession, while mixed-type cham-
bers combine economic entities and natural persons who
perform a professional activity (1).

In Slovenia, chambers of commerce include the Chamber
of Commerce and Industry of Slovenia (GZS), under whose
auspices there are numerous other chambers and associa-
tions as well as the Chamber of Craft and Small Business
of Slovenia (0ZS), a mixed-type chamber is the Chamber
of Agriculture and Forestry of Slovenia (KGZS), whereas
all the other chambers are professional chambers, such
as the Chamber of Engineers, the Chamber of Pharmacy,
the Occupational Therapists Chamber, the Chamber of
Architecture and Spatial Planning of Slovenia, the Detective
Chamber, the Bar Association, the Slovenian Advertising
Chamber, the Social Chamber, the Chamber of Notaries,
the Veterinary Chamber, the Medical Chamber and others.

Public power is an authorisation to perform certain tasks
of the state or municipal administration (8), where the en-
tity exercising public powers is determined by law (9). In the
case of public powers held by the chambers, individual laws
and by-laws of the chambers define and specify the tasks
to be performed on the basis of the public powers. These
tasks relate in particular to the granting and revoking of li-
cences, keeping records and registers, the performance of
professional supervision, the determination of the training
programme, the conduct of professional examinations and
similar (10).

A public power is non-transferable, i.e. the holder cannot
transfer it to another person, nor can it be relinquished,
as public powers are considered to be rights and duties
involved in the performance of administrative tasks. The
state may revoke the power if conditions are not fulfilled
or violations occur in the course of exercising the power,
whereby the conditions for revocation must also be speci-
fied in the law (11).

Article 121 of the Constitution of the Republic of Slovenia
(5) stipulates that public authority to perform certain tasks

of the state administration may be vested by law or on the
basis thereof. If public power is granted by law, that law
must determine the holder and their tasks. There is usually
a single holder of a public power and the public authority is
vested for a longer term. If public power is granted pursu-
ant to a law, there can be several holders and it is important
that the law specify tasks as well as the granting authority
(8). The administrative tasks of the state as defined in the
State Administration Act comprise participation in policy-
making, executive tasks, inspection, monitoring, develop-
mental tasks and the provision of public services. These
tasks are primarily performed by state administration bod-
ies and by legal and natural persons under public authority
(10).

Public powers are exercised in three ways, i.e., by issuing
general acts, by issuing individual acts and by performing
material actions. The mere exercise of a public power by
issuing general acts constitutes the right of legal or natural
persons to regulate issues or relationships with their gen-
eral act in a compulsory manner. The exercise of a public
power by issuing anindividual legal act is the most common
form of exercising it. The law stipulates that the holder de-
cides on the rights, obligations and legal benefits of legal or
natural persons with individual acts. Exercising public pow-
ers by performing material actions means an entitlement to
perform authoritative material actions. Implementation of
these actions requires the use public authority, at least in-
directly, such as for instance means or powers of restraint,
keeping records and others (12).

In order to better understand the functioning and inter-con-
nectedness of the chambers, we randomly selected three
different chambers, described the main characteristics of
their operations, the public powers they exercise and the
sources of funding, and compared them with each other.
The Veterinary Chamber and the Detective Chamber were
chosen for comparison, while the other randomly selected
chambers are the Chamber of Commerce and Industry
of Slovenia and the Chamber of Craft and Small Business
of Slovenia, which are chambers of commerce, and the
Medical Chamber of Slovenia, which is a professional
chamber.

Furthermore, in the paper we compare the Veterinary
Chamber of the Republic of Slovenia and the Detective
Chamber of the Republic of Slovenia. The comparison can
be very interesting if one wants to explore the similarities
and differences between professional associations in vari-
ous industries especially in terms of regulation and control,
education and training, legislation, ethical issues and public
interest.
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Table 1: The operation, public powers and financing of the selected three Chambers in Slovenia

Name of the chamber

Operation

Public powers

Financing

Chamber of Commerce and
Industry of Slovenia

Represents the common and general interests -
of its members before government authorities,
bodies of the European Community, the

Economic and Social Council and in other forms

of economic and social dialogue as well as

in the conclusion of cross-industry collective
agreements for the corporate sector;

participates in designing the economic system
and preparing economic policies;

plans vocational education and training,
participates in practical training and the
conducting of exams in line with the law;

implements tasks involving the exercise of public
powers vested in the Chamber of Commerce and
Industry of Slovenia pursuant to the law;

fulfils the obligations arising from membership
in Eurochambres, the International Chamber of
Commerce and other forms of multilateral and
bilateral association between chambers and
cooperates with other domestic and foreign
institutions; and

implements common tasks within the scope

specified in the annual programme of the
Chamber of Commerce and Industry of Slovenia

@A)

Competent ministries supervise the exercise of
public powers on the basis of annual reports.

In the field of transport, it holds the same powers
as the Chamber of Craft and Small Business.

- Membership fee;

- special appropriated funds
provided by members on an
interest basis;

- payments for services provided;

- funds from the national budget for
the exercise of delegated public
powers;

- donations and gifts;

- other sources (3).

Chamber of Craft and Small
Business of Slovenia

176 |

Represents the interests of its members before -
state bodies, in shaping the economic system
and economic policy by participating in the
procedures for amending them and forming
economic opinions, positions and proposals for
changes to the economic system and economic
policy;

acts as a partner in the conclusion of a social
agreement between the social partners;

acts as a partner in the concluding of collective
agreements;

provides professional assistance to members
(economic, legal, tax, business consulting);

informs the members;

cooperates with the National Assembly,

the National Council, the Government and
individual ministries on all matters relevant to its
membership;

analyses legal regulations and proposes new
ones, as well as amendments and supplements
thereto in order to create conditions that provide
for the protection and development of the craft
sector of the economy;

participates in coordinating the common and
individual interests of the members in the
framework of formulating the development policy
of the Republic of Slovenia;

coordinates and represents the interests of its
members in standardisation, metrology, and the
adoption of technical regulations as well as in the
field of regular specialist education in line with
the requirements of a modern, market-oriented
economy;

performs tasks with the aim of connecting the
corporate sector and the academic-scientific
community and transferring knowledge from the
academic-scientific sphere to small and micro
enterprises as well as promotes innovation and
the development of small and micro enterprises;

cooperates with other chambers in the country
on all matters relevant to its membership;

is involved in the educational process of short
vocational education, vocational secondary
education, upper secondary technical education,
vocational-technical and short-cycle higher
vocational education and professional higher
education;

arranges and conducts various forms of
education and training; _

organises activities related to economic relations
with foreign countries involving the promotion

of goods and services as well as economic -
propaganda, organises trade shows, takes

partin the development of the foreign trade

network, facilitates foreign trade deals and

fosters economic cooperation with the chambers

of crafts and small business and relevant

institutions in other countries;
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Issues and revokes craft licences;

performs tasks in the field of vocational
education;

controls the professional qualification of craft
operators, the persons providing vocational
education and the suitability of the facilities at
which students undergo vocational training;

manages the register of trade licences, the
register of facilities, the register of persons
authorised to educate students, the register of
facilities where vocational training is carried out,
and the register of master craftsman certificates;

issues certificates to natural persons or legal
persons as proof of legal establishment in

the Republic of Slovenia for the purpose of
performing craft activity and proving that they are
not temporarily or permanently prohibited from
performing such activity at the time of issuing
the certificate;

carries out the procedure of recognising
professional qualifications for citizens and
member states of the European Union,

the European Economic Area, the Swiss
Confederation and the country with which a
relevant international agreement has been
concluded, third-country citizens who have
obtained professional qualifications in a member
state of the European Union, the European
Economic Area or in the Swiss Confederation
and third-country citizens, in accordance with
the second paragraph of Article 2 of the Act
Regulating the Procedure for Recognition

of Professional Qualifications for Practising
Regulated Professions or Professional Activities
in the Republic of Slovenia for Nationals of the EU
Member States, European Economic Area and
Swiss Confederation, Official Gazette of the RS,
nos. 21/02,92/07,85/09 and 55/12);

notifies the temporary cross-border performance
of craft activities by natural and legal persons
from a member state of the European Union,

the European Economic Area and the Swiss
Confederation;

issues Community Licences and copies thereof
for international cargo and passenger transport
services;

issues certificates to drivers who are not citizens
of Community member states;

withdraws Community licences;

issues, refuses the issue and withdraws licences
and copies of licences for the provision of
transport;

distributes permits for international transport

of goods to domestic carriers, including CEMT
permits;

issues certificates for international passenger
transport operations for own needs; and

- Membership fee;

- special appropriated funds
allocated by members on an
interest basis;

- payments for services provided;
- local government budget; and
- other sources (13).



develops an information system and
disseminates up-to-date marketing and
technical-technological information in Slovenia
and abroad, integrating with other information
systems for this purpose;

is involved in the promotion of business relations
in domestic and foreign markets;

is amember of and joins international
associations of craft and of SMEs;

promotes the introduction of modern
technologies and quality standards, modern
methods of managing and organising companies
and craft cooperatives;

provides for the preservation and development of
traditional and artistic crafts;

performs other tasks in the interest of its
members, as defined in its by-laws and the
annual action programme (13).

issues signs for taxi transport services indicating
data concerning the transport operator and
licence number (13)

Medical Chamber of Slovenia

Adopts the Code of Medical Deontology, specifies
actions that constitute a violation of it;

monitors compliance with the Code, verifies the
conduct of doctors and takes action in the case
of breaches of the Code;

plans, monitors and supervises specialisations
and other forms of postgraduate professional
training of its members through qualification
testing, determining the conditions for the
nomination of mentors and appointing them;

conducts expert supervision with counselling;

concludes agreements in its own name and on
its own behalf and in its own name and on behalf
of doctors regarding matters specified by the
by-laws, other general acts of the Chamber or a
special doctor's authorisation;

concludes agreements in the name and on behalf
of doctors or based on individual or collective
doctors' authorisation;

enters into collective agreements on behalf of
private doctors in their capacity as employers;

gives opinions and consents in procedures,
participates in procedures and issues general
and individual acts in accordance with the law
as well as the by-laws and internal acts of the
Chamber;

participates in procedures prescribed by the law
and the by-laws;

keeps records of companies and other legal
entities under private law that perform medical
services;

participates in the design of the undergraduate
training programme for doctors;

organises and conducts professional seminars,
professional meetings and other forms of
professional training;

carries out scientific and research activities
related to its tasks;

represents the professional and social interests
of doctors;

provides advice and assistance and furthers

the interests of its members in legal, economic,
analytical, financial and other areas related to the
performance of a medical service;

co-determines the starting points for concluding
contracts with the Health Insurance Institute of
Slovenia and other insurance companies and
represents the interests of private doctors in the
conclusion of contracts between them and other
legal entities;

creates and manages the trust fund of its
members and provides assistance to its
members and their families;

prevents a medical service from being performed
in an unauthorised manner;

monitors the need for doctors, offers help to
unemployed doctors in search of employment,
and assistance in providing replacements for
periods of absence;

performs publishing and issuing activities:
issuing and supplying forms and documents,

publishing and supplying its newsletters, books
and other publications;

promotes cooperation between members,
addresses and settles mutual disputes;

Keeps a register of its members and issues -
membership cards;

Membership fee and other
contributions by members;
grants, extends and revokes independent -
practice permits of doctors;

the organisation and
implementation of activities in

plans, monitors and supervises the secondment, accordance with the by-laws;

specialisations and other forms of postgraduate -
professional training of its members through
qualification testing; and

investing the Chamber's funds
with the goal of preserving and
increasing the value of the assets

conducts expert supervision with counselling and property of the Chamber;

(14). - payments for services that are not
financed from membership fees
and funds for exercising public

powers; and
- donations and other sources (14).
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fosters the cultural and social activities of its
members, organises and conducts cultural,
sports and other social events and activities;

performs all other activities that support the
performance of the core activities;

designates the representatives of the Health
Insurance Institute for negotiations and other
agreements with healthcare institutions;

carries out other tasks in line with legal
regulations, the by-laws and its other general
acts (14).

Veterinary Chamber of
Slovenia

Issues and revokes veterinary licences
of members who have passed the state
examination;

keeps a register of issued and revoked licences
of its members;

plans, monitors and organises the professional
training of doctors of veterinary medicine and
the professional competency examination of
members in veterinary organisations;

conducts expert supervision in veterinary
organizations;

verifies veterinary organisations and keeps a
register of them;

lays down the basis and criteria for the pricing of
the public veterinary service in cooperation with
the council of users;

keeps a register of members of the Chamber;

formulates the standard operating procedures
for veterinary services, evaluates them and sets
veterinary tariffs;

participates in the drafting of regulations in the
field of veterinary medicine and marketing of
medicinal products and their use in veterinary
medicine;

is involved in the planning and implementation of
professional training;

takes part in conducting veterinary specialisation,
supervising it and awarding the title of veterinary
specialist;

provides legal, business and professional
assistance to its members;

seeks to ensure the employment of its members;

promotes cooperation among members,
addresses and settles mutual disputes and
conflicts;

publishes and issues professional and other
publications and documents;

selects candidates to the electoral body that
elects the representative of professional
occupations in the National Council;

adopts and amends the Veterinary Code of
Conduct;

prevents and sanctions irregularities in the
performance of veterinary activities;
organises and performs other activities for the
needs of its members; and

carries out other tasks in accordance with the law
and the by-laws (15).

Issues and revokes veterinary licences
of members who have passed the state
examination;

keeps a register of issued and revoked licences
of its members;

plans, monitors and organises the professional
training of doctors of veterinary medicine and
the professional competency examination of
members in veterinary organisations;
conducts expert supervision in veterinary
organizations;

verifies veterinary organisations and keeps a
register of them;

lays down the basis and criteria for the pricing of
public veterinary services in cooperation with the
council of users (15).

The joining fee, membership fee
and other contributions of its
members;

organising and performing
professional tasks;

preparing and conducting
mandatory professional training for
its members;

specialisation fees;

investing its funds in commercial
transactions;

publishing and issuing activities;

budget funds for the exercise of
public powers;

donations; and

in other permissible ways or from
other sources (15).

The financing of the tasks
performed by the Chamber based
on public powers and funded
from the budget of the Republic
of Slovenia, as well as the amount
of budget funds allocated for this
purpose, are regularly agreed
between the Ministry in charge

of veterinary medicine and the
Chamber in accordance with the
law governing veterinary medicine
(15).

Detective Chamber of the
Republic of Slovenia

178 |

Performs the tasks defined by the law and the
regulations issued on its basis as well as the
tasks stipulated in the by-laws or defined in the
Chamber’s programme, development acts or
other general acts;

monitors and addresses private detective work
and related issues, represents the professional
and social interests of its members, defends the
honour and good name of the private detective
profession and the Chamber’s members
against unjustified and unfounded accusations,
reprimands and interventions by state authorities,
providing them with legal, material and moral
assistance and, if necessary, professional and
legal aid in proceedings before the state and
other authorities;
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Issues and revokes private detectives’ licences;

in agreement with the ministry in charge of
internal affairs, determines the private detective
exam programme and the method of taking the
private detective exam referred to in Article 8 of
the Act (16).

keeps the records prescribed by the Act; and

conducts professional supervision of the work
of private detectives and private investigation
companies (17).

Membership fee and other
contributions by private detectives;

registration fees to be entered on
the register of private detectives;

registration fees to be entered on
the candidate register for taking
the private detective exam;

fees paid by private detective
applicants for taking the private
detective exam;

funds from the sale of services
covered by the Chamber’s
business activity;

fines imposed on private detectives
in disciplinary proceedings;

gifts and legacies;

interest and other income from

the performance of the Chamber’s
tasks (16).



- keeps and manages records of private detectives
who are citizens of the Republic of Slovenia;
foreign private detectives entitled to perform
private detective activity under the title of “private
detective” in the Republic of Slovenia; foreign
private detectives entitled to perform private
detective activity in the Republic of Slovenia
under the professional title bestowed by their
home country; records of issued and revoked
private detective licences; private detective
companies that perform private detective
services in Slovenia; imposed disciplinary
measures; consents issued for the registration
of a private investigation company in the court
register; other records;

- regulates the disciplinary liability of private
detectives, constituting a breach of professional
duty as well as actions which amount to a breach
of a private detective’s due care and diligence,
and regulates the procedure before the Tribunal
of Honour (16);

- adopts the code of professional ethics;

- proposes to the ministry in charge of internal
affairs (hereinafter: the Ministry) a professional
training programme, professional standards and
catalogues of professional knowledge and skills,
and the method of taking the private detective
exam;

- proposes to the Ministry a private detective
identification card; and

- organises and conducts periodic trainings for
private detectives (17)

The Veterinary Chamber of the Republic
of Slovenia and its operations

The purpose of veterinary medicine in general is to maintain
and improve animal health, protect animals from infectious
and other diseases, diagnose diseases and treat sick ani-
mals, ensure animal welfare, provide measures to protect
the public from various diseases and infections, and pursue
other objectives for the benefit of animals (18).

The Veterinary Chamber is an autonomous and indepen-
dent professional organisation. Its members are doctors of
veterinary medicine from the entire territory of the Republic
of Slovenia. It represents and promotes their professional,
economic and social interests. Another purpose of the
Chamber is to ensure the quality of its members' work
and uphold its reputation (19). It supports all its members
in their work, encouraging cooperation between them and
with the Chamber. It is also committed to preventing and
resolving any disagreements and disputes amicably and in
a dignified manner (20).

The law that contains several articles that regulate the
Veterinary Chamber is the Veterinary Practice Act (18).
Based on Articles 58 and 60 of the Veterinary Practice Act,
the Assembly of the Veterinary Chamber of Slovenia ad-
opted the by-laws of the Veterinary Chamber of Slovenia in
2014. These by-laws regulate the status, organisation, pow-
ers and operation of the Chamber (15).

As defined, Chamber membership is on an individual basis
and represents a professional honour common to all doc-
tors of veterinary medicine. It can be mandatory, voluntary
or honorary (15). Membership is mandatory for every doc-
tor of veterinary medicine practising veterinary activity in

Slovenia as referred toin Article 51 of the Veterinary Practice
Act (18), who must hold a veterinary licence. Voluntary
members are doctors of veterinary medicine with per-
manent residence in Slovenia who are not in practise.
Honorary membership is awarded by the Assembly of the
Chamber on the proposal of the Board of Directors, which
must be in accordance with the Rules (21). All rights, duties,
and other information on membership are specified in the
by-laws of the Veterinary Chamber. The membership fee is
payable quarterly and is determined by the Annual General
Assembly based on the financial statement for the previous
year and other factors. An individual can become a member
of the Chamber after submitting a complete written appli-
cation showing that he or she meets all legal membership
criteria. If a doctor of veterinary medicine has been subject
to a precautionary measure prohibiting them from practic-
ing their profession as part of criminal proceedings, the
application will be rejected or the member will be removed
from the membership list if they are an existing member.
After the measure has ended, they may reapply for mem-
bership in the Chamber. Membership is also terminated if
a member resigns from the Chamber in accordance with
the by-laws, if certain membership criteria are not met, and
in cases referred to in Articles 13, 17 and 54 of the by-laws
(15).

According to the Act (18), the licence, which is the main
document for the practise of veterinary medicine (activ-
ity), is granted to a doctor of veterinary medicine who has
completed a university degree in veterinary medicine in
the Republic of Slovenia or another EU member state or a
recognised diploma who has passed the state exam or a
recognised professional examination and is a member of
the Veterinary Chamber of Slovenia. The licence is valid for
the period in which the prescribed conditions are met. The
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decision on the licence is issued to the doctor of veterinary
medicine based on a written application upon the meeting
of the prescribed conditions. The licence is renewed every
10 years. If during a period of 10 consecutive years, the
veterinarian does not meet the conditions regarding profes-
sional training or fails the professional competency exami-
nation, the Veterinary Chamber sends them a written notifi-
cation warning them in advance of licence suspension and
setting a 1-year period to fulfil the conditions. A veterinarian
can also fulfil the professional training requirement by pass-
ing the prescribed knowledge examination in accordance
with the law governing veterinary medicine and the Rules
on further expert training and proficiency tests in private
veterinary practice. If the veterinarian does not complete
the prescribed training within the additional period referred
to in the preceding paragraph, the Director of the Veterinary
Chamber will issue a decision revoking the licence until the
prescribed conditions are fulfilled (22).

At the request of the Veterinary Chamber's tribunal, the li-
cence can also be revoked for a period of three months to
three years on the basis of a decision by the Director if it
is proven that the veterinarian has committed serious vio-
lations or has not completed his professional training. At
the end of this period, the veterinarian can reapply for the
licence provided that he has completed his training. If a vet-
erinarian is banned from practicing their profession as part
of criminal proceedings, their licence will also be revoked
for the duration of the measure imposed (18).

The Chamber performs numerous tasks that are also
specified in the by-laws. The most important task of the
Chamber is the granting and revoking of veterinary licenc-
es. In addition, the Chamber keeps a register of issued and
revoked licences, organises the professional training of vet-
erinary doctors and conducts the professional qualification
examination of its members. It carries out regular and ex-
traordinary inspections of veterinary organisations, verifies
them and keeps a register of them. Moreover, it establish-
es standard operating procedures for services. One of its
tasks is to participate in the preparation of regulations in the
fleld of veterinary medicine and the marketing of medicinal
products and their daily use. The Chamber is an essential
element in the planning and implementation of professional
training, specialisation, and employment of its members,
to whom it provides legal, business and professional sup-
port. It promotes and strengthens cooperation and settles
disputes and disagreements between the members. The
Chamber adopts and possibly amends the Veterinary Code
of Conduct, prevents irregularities and sanctions them, and
performs other tasks in the field of veterinary medicine in
line with the laws and the by-laws (15).

Some of the mentioned tasks are performed by the
Chamber on the basis of public powers according to the
law governing veterinary medicine, namely issuing and re-
voking veterinary licences, keeping a register of licences,
planning, monitoring and organising professional training
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and professional competency examinations, carrying out
professional supervision in organisations, verifying organ-
isations and keeping a corresponding register and setting
prices for veterinary services. The Ministry responsible for
veterinary medicine regularly agrees with the Chamber on
the financing of these tasks in accordance with the law (15).
In order to carry out these tasks, the Chamber must fulfil
certain personnel, spatial and other requirements (18). The
exercising of public powers requires the Assembly of the
Veterinary Chamber of Slovenia to adopt regulations gov-
erning the issuance, renewal and revocation of licences
and the keeping of the register of issued licences (22), the
verification and control of the conditions prescribed for
veterinary activity and the keeping of the register of veteri-
nary organisations (23); expert supervision with consulta-
tion (24), provision of professional training and professional
competency examination.

The Chamber is headed by the Director who manages the
Chamber’'s Board of Directors and performs operational
and executive tasks on its behalf. The Director is appoint-
ed on the basis of a public call for applications. It should
be noted that the Director must be a veterinarian (18). The
bodies of the Chamber include the Assembly, the President,
the Vice President, the Board of Directors, the sections, the
Prosecutor, the Deputy Prosecutor and the tribunal, as well
as the Expert Committee, the Supervisory Board and the
Election Committee. The Chamber Assembly is the high-
est body of the Chamber and comprises all members of
the Chamber. It has certain powers, while its organisation
and working methods are defined and regulated by the
Rules of Procedure of the Chamber's Assembly. A regular
meeting is convened at least once a year at the request of
the President of the Chamber, whereas an extraordinary
meeting can also be held in certain cases to address vari-
ous matters. The Chamber is represented by its President,
who also directs the work and chairs the Board of Directors.
The term of office of the President is four years, with the
possibility of re-election. Any member of the Chamber can
run for President, provided such member has collected 50
handwritten signatures of the other members in support of
his candidacy. The President performs certain tasks speci-
fled in the by-laws and other acts. The President is assisted
by the Vice President, who contributes to their work. The
Vice President is also responsible for the Chamber’s in-
ternational operations and represents the President in his
absence. The conditions for the post of Vice President are
the same as for nominating and electing the President i.e.
any member of the Chamber who has collected at least 50
handwritten signatures of the other members can apply
for the position. A candidate may apply for the position of
President and Vice President at the same time (15).

Another important body of the Chamber is the Board of
Directors, which is a decision-making and consultation
body. It consists of the President, the Vice President, the
Chair of the Expert Committee, the presidents of sections,
the Director and one representative for every 150 members.



The Board of Directors has certain powers and tasks as
specified in Article 39 of the by-laws and is accountable for
its decisions to the Assembly of the Chamber. The mem-
bers of the Chamber form the sections for the purpose
of ensuring specialised operations of the Chamber and
its members. The Chamber has two permanent sections,
both of which have their own bodies and perform specific
tasks. Another body of the Chamber is the Prosecutor, who
is an autonomous and independent body of the Chamber.
The candidate who receives the most votes is elected as
the Prosecutor. Each Prosecutor has a deputy. The tribu-
nal is also an autonomous and independent body of the
Chamber, consisting of first- and second-instance tribu-
nals. It is tasked with initiating proceedings against an in-
dividual on the proposal of the Prosecutor. Other bodies
include the Expert Commission, which consists of seven
members and carries out specific tasks, the Supervisory
Board, a three-member autonomous and independent
body, whose task is to supervise the material and financial
operations of the Chamber, and the Election Committee,
which also consists of three members and certain powers
and duties in accordance with the by-laws (15).

The Assembly of the Chamber adopts the annual work
programme and the annual financial plan, based on which
its operations are financed. Two types of financing are de-
fined, namely regular financing for the period between two
consecutive Annual General Assembly meetings, and tem-
porary financing, which is initiated if the proposed financ-
ing plan for the following year is not adopted at the Annual
General Assembly. However, temporary funding can only
be provided for a maximum of 3 months (15).

The funds for the operation of the Veterinary Chamber are
acquired through joining fees, membership fees and other
contributions from members, by organising and performing
various professional tasks, by preparing and implementing
mandatory professional training, from specialisation fees,
by investing funds in commercial transactions, publishing
and issuing activities, budget funds for the exercise of pub-
lic powers, through donations and in other ways or from
other sources (15).

The Veterinary Chamber also collaborates with authori-
ties on the international level and is thus a member of the
Federation of Veterinarians of Europe, in which three sec-
tions are represented: the Practising Veterinarians, the
Veterinarians working in Education, Veterinary Research
and Industry, and the Hygienists and Public Health
Veterinarians. In addition, the Veterinary Chamber of
Slovenia is a member of the Visegrad Vet Plus Group, which
includes the chambers and associations of Central and
Eastern Europe. It comprises 13 members, who meet twice
a year. The Chamber has signed a protocol on cooperation,
and the exchange of practices and experiences with other
chambers in both Europe and around the world (25).

The Detective Chamber of the Republic
of Slovenia and its operations

The Detective Chamber of the Republic of Slovenia (DeZRS)
is an organisation that protects the reputation, credibility
and development of the activity of private detectives. In ad-
dition, it represents the interests of private detectives and
performs other tasks stipulated by the law, the by-laws and
other acts (16). It was founded in 1994 at the first Founding
General Assembly of the Detective Chamber of the Republic
of Slovenia, at which the first by-laws and the symbol of the
Chamber were adopted, and its initial management team
(26) was elected.

In the course of their work, private detectives are bound by
the Code of Professional Ethics, whereby they undertake
to carry out all private detective duties in accordance with
the highest moral and ethical principles. “I recognise the
badge of my profession as a symbol of social trust awarded
time to guard by the Detective Chamber of the Republic of
Slovenia. | shall protect it throughout, with loyalty to the eth-
ics of private detective profession. | shall always strive to
achieve this goal and the ideals of my chosen profession
and be an honourable private detective” (27).

On the basis of the Private Detective Services Act (17),
the Assembly of the Detective Chamber of the Republic of
Slovenia adopted its by-laws at an Extraordinary General
Assembly on December 23rd, 2011 and at the Annual
General Assembly on April 18th, 2012 (16).

Membership in the chamber is mandatory for all domestic
and foreign private detectives who perform private detective
work as a freelance profession in the Republic of Slovenia
or are employed by a legal or natural person registered as a
business entity performing private detective activity in the
Slovenian Business Register (16).

The tasks of the Chamber include monitoring and address-
ing private detective work and issues, representing the pro-
fessional and social interests of its members, defending the
honour and good reputation of the private detective profes-
sion and its members against unjustified and unfounded
accusations, reprimands and interventions by state authori-
ties, providing them with legal, material and moral assis-
tance and, if necessary, providing professional and legal
assistance in proceedings before the state and other au-
thorities. In addition, the Chamber keeps and manages re-
cords of private detectives who are citizens of the Republic
of Slovenia; foreign private detectives who are authorised to
work in the Republic of Slovenia under the professional title
"private detective"; foreign private detectives entitled to per-
form private detective activity in the Republic of Slovenia
under the professional title granted by their home country;
records of issued and revoked private detective licences;
private detective companies providing private detective ser-
vices in Slovenia; disciplinary measures imposed; permits
issued for the registration of a private detective company
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in the court register and other records. In addition,, the
Chamber regulates the disciplinary liability of private detec-
tives, constituting a breach of professional duties, as well
as actions which amount to a breach of a private detec-
tive's duty of care, and regulates the procedure before the
Tribunal of Honour (16).

In addition to the tasks described above, the Chamber per-
forms tasks such as adopting the Code of Professional
Ethics; proposing to the Ministry responsible for internal
affairs a programme for professional training, professional
standards and catalogues of professional knowledge and
skills, and the method of taking the private detective exam;
proposing to the Ministry a private detective identification
card, and organising and conducting regular training for pri-
vate detectives. The work and operation of the Detective
Chamber are supervised by the Ministry of the Interior,
which is primarily responsible for monitoring the perfor-
mance of the Chamber’s tasks and its exercise of public
powers (28).

Within the scope of its public powers, the Chamber per-
forms tasks such as granting and revoking private detec-
tives'licences and, in agreement with the Ministry of internal
affairs, determines the examination programme for private
detectives and the manner in which the private detective
examination is taken. It also conducts professional supervi-
sion over the work of private detectives and private investi-
gation companies. The Board of the Chamber decides on
the granting or revocation of a licence to perform private
detective work as well as on the issuance of consent for the
registration of foreigners or a foreign private investigation
company on the register of private detectives operating in
the territory of the Republic of Slovenia, and on other mat-
ters related to the performance of tasks within the scope
of public authority, in accordance with the provisions of the
Private Detective Services Act (17). It is also important to
point out that in certain cases the Ministry can withdraw
the public powers of the competent body. This is the case
when the body, in this case the Chamber, grants or revokes
a licence illegally, without grounds or in violation of the law;
when records are not kept in accordance with the law; if the
Chamber does not comply with the deadlines and proce-
dures for the recognition of professional qualifications of
foreign private detectives and if when does not have a quali-
fled person to manage the administrative procedures and
regarding the recognition of professional qualifications and
to make decisions. If the body fails to eliminate the irregu-
larities within a certain period, the Ministry will withdraw its
public powers until the irregularities are eliminated (17).

The bodies of the Chamber include the Assembly, the
Board of Directors, the President, the Supervisory Board
and the Tribunal of Honour. The Assembly is the highest
body of the Chamber and consists of all private detec-
tives who are entered in the register of private detectives
kept by the Chamber. Its powers comprise the adoption
of the Chamber’s by-laws and other general legal acts;
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the adoption of the Code of Professional Ethics of Private
Detectives of the Republic of Slovenia; the adoption of
the Chamber's Rules of Procedure, the election and dis-
charge of the President and Vice-President, the members
of the Board of Directors, the Supervisory Board, the Chair
and members of the Tribunal of Honour and others. The
Assembly is convened as required, and at least once a year
on the initiative of the Board of Directors or at the request
of at least 30 private detectives. Decisions on amend-
ments and supplements to the founding charter, adoption
of and amendments and supplements to the by-laws, sta-
tus changes of the Chamber, the cessation of operations
of the Chamber and other matters are adopted with a ma-
jority of the Chamber’'s members present. Another of the
Chamber’s bodies is the Board of Directors, which manag-
es the work and operations of the Chamber. It consists of
nine members elected by the Assembly for a four year term
of office. The work of the Board of Directors is managed
by the President of the Chamber or, in their absence, by the
Vice-President. The Board of Directors has certain pow-
ers, such as convening the Assembly of the Chamber and
preparing the relevant materials, implementing resolutions
adopted by the Assembly; formulating draft by-laws, the
Code of Professional Ethics of Private Detectives and other
general acts, organising and conducting regular profes-
sional training, appointing and dismissing the Chamber’s
Secretary, adopting general legal acts of the Chamber
that have not been adopted by the Assembly, and more.
Meetings are convened and chaired by the President of the
Chamber, who also represents the Chamber and acts on
its behalf in Slovenia and abroad, implements the resolu-
tions of the Assembly and the Board of Directors, grants
detectives’ licences and cards, awards Chamber awards,
issues resolutions and decisions, approves payments and
performs other tasks. In addition to the above-mentioned
bodies, the Chamber has a Supervisory Board, consisting
of three members, one of whom is the Chair. The main task
of the Supervisory Board is to monitor the Chamber's finan-
cial transactions and, in particular, to review the financial
transactions and financial situation of the Chamber at least
twice a year and report thereon to the Board of Directors
and the Assembly. After reviewing the year-end accounts
of the Chamber, the Supervisory Board draws up a report
thereon. The final body of the Chamber is the Tribunal of
Honour, which consists of seven members, who are elected
by the Assembly for a term of four years. It decides in dis-
ciplinary proceedings against detectives due to a breach of
professional duty or a breach of a private detective’s due
care and diligence, and also in the case of the violation of
the Code of Professional Ethics of Private Detectives, the
Chamber’s by-laws and other acts. Moreover, it decides
in case of disputes between members of the Chamber or
between the members and third parties. The proceedings
against a detective due to a violation of Articles 38 and
52 of the by-laws may be instigated at the proposal of the
Supervisory Board, the national supervisory authority, a
member of the Chamber or the party concerned (16).



In addition to the above-mentioned bodies, the Professional
Department of the Chamber and the Secretary managing it
play an important role. The Secretary is also responsible
for preparing materials required for the work of the Board
of Directors and the Assembly as well as other bodies of
the Chamber, the working bodies of the Assembly and
the Board of Directors, and coordinates the work of the
Chamber’s bodies. The Secretary is appointed, for a fixed or
indefinite period, and is dismissed by the Board of Directors
of the Chamber. This position, for which an employment
contract or a work contract is concluded, requires at least
higher education in the relevant field and five years of pro-
fessional experience (16).

The work and financial operations of the Chamber are fi-
nanced by membership fees and other contributions from
detectives; the Chamber s income from the performance
of public powers and other services, the sale of services
within the scope of the Chamber’s business activity, fines
imposed against detectives in disciplinary proceedings,
gifts and legacies as well as interest and other income from
the performance of tasks (16).

Membership is terminated when the detective's licence
expires, if one of the conditions laid down in Article 15 of
the Private Detective Services Act (ZDD-1) is met or if the
licence is definitively revoked in accordance with to Article
9 of the by-laws, or if the Chamber ceases to operate (16).

In the event of a disciplinary breach by a detective, disci-
plinary measures may be imposed, such as a warning, a
fine or a proposal to the Board of Directors to revoke the
licence or prohibit the provision of cross-border services.
The measure is imposed in the case of a minor breach that
is particularly insignificant in view of the circumstances in
which it was committed and does not have serious conse-
guences. A fine up to EUR 1,000 is imposed if the detec-
tive has obtained an unjustified financial advantage in the
performance of a service, with a payment period of no less
than 30 days and no more than 6 months. The proposal to
revoke a licence refers either to a permanent revocation, a
temporary suspension or a conditional revocation or a ban
on the provision of cross-border services (16).

Comparison of the operation of
chambers in Slovenia

As can be seen from Table 1, it is not surprising that there
are no specific differences between the chambers, given
that all chambers are based on the same basic law. The
main or basic task of all chambers is to represent the inter-
ests of their members and to assist them in their business.
Each of the chambers focuses on its own field of activity,
e.g. the Chamber of Commerce and Industry on the cor-
porate sector and the economy, the Chamber of Craft and
Small Business on crafts and companies, and the Medical
Chamber on healthcare, medicine, and doctors.

Likewise, practically all chambers perform certain tasks
within the scope of public authority. The performance of
public tasks is carried out in accordance with the laws that
regulate the scope of the chambers’ tasks, in accordance
with the regulations, on the basis of a corresponding con-
cession or, if applicable, an authorization granted to the
chamber by the relevant ministry. The chambers differ in
terms of whether membership is mandatory or voluntary. In
most professional chambers, membership is mandatory, in
the vast majority of chambers of commerce membership
is voluntary, and in mixed-type chambers membership is
either mandatory or voluntary. Chambers’ by-laws specify
the conditions in which a person can become a member.
As already mentioned, each chamber represents the inter-
ests of its members in the respective professional field for
which it was founded. For example natural and legal per-
sons who perform a craft or handicraft activity or any other
for-profit or non-profit activity may join the Chamber of
Craft and Small Business (13), companies and sole traders
can join the Chamber of Commerce and Industry on a vol-
untary basis (3), everyone practising medicine in the capac-
ity of physician in the territory of the Republic of Slovenia
must join the Medical Chamber (14), doctors of veterinary
medicine can join the Veterinary Chamber on mandatory
or voluntary basis or as honorary members (15), and do-
mestic and foreign private detectives who perform detec-
tive services in the Republic of Slovenia as a freelance pro-
fession or in a private investigation company are obliged to
become members of the Detective Chamber (16).

A review of the chambers' by-laws shows that all cham-
bers of commerce obtain funds for their operation from the
monthly or annual membership fees. In addition, the vast
majority of chambers of commerce receive designated
funds provided by members on an interest basis, funds
as payments for services rendered, funds acquired in the
market, donations and gifts, and funds from the state bud-
get. Some chambers receive funds from support contribu-
tions, funds based on European projects, publications is-
sued, payments for granted public powers and from other
sources. All professional chambers also finance their op-
erations with membership fees or members’ contributions,
i.e., membership fees, joining fees and other payments, as
well as from donations, gifts and other sources. Almost all
professional chambers gain funds also from the activity for
which they were founded. In addition, the vast majority of
professional chambers secure financial resources through
designated funds which their members provide on an inter-
est basis.

The chambers differ in terms of the number of members.
This number varies from chamber to chamber, which is
mainly due to the different areas of competence and the
scope of certain activities in Slovenia.

A closer comparison of the Veterinary and Detective
Chambers - the central chambers in our research —im-
mediately reveals that their fields of activity are completely
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different. The Veterinary Chamber operates in the field of
veterinary medicine, while the Detective Chamber operates
in the field of detective activity. The Veterinary Chamber in-
cludes doctors of veterinary medicine practising through-
out Slovenia (19), while the Detective Chamber includes
domestic and foreign private detectives who perform de-
tective services in various ways in Slovenia (16).

The by-laws of the Veterinary Chamber were adopted in
2014 (15) and those of the Detective Chamber at an extraor-
dinary meeting in 2011 and at a regular meeting in 2012
(16). Both documents define membership in the respec-
tive chamber. Membership in the Veterinary Chamber is
mandatory, voluntary or honorary, whereas in the Detective
Chamber it is mandatory for all detectives working in the
Republic of Slovenia. Members of both chambers have cer-
tain rights and duties, which include the payment of a pre-
determined membership fee.

All the tasks performed by the chambers are defined in
their by-laws. Some are very similar to each other; namely,
both chambers issue and revoke licences in their respective
fleld, keep registers or records of licences and supervise
the operations — of veterinary organisations and detec-
tives, respectively. Other tasks differ, but what is important
is that both chambers perform their tasks with the aim of
representing the interests of their members, defending their
honour and reputation or the chamber’s good name. Some
tasks specified in the by-laws or laws are performed by the
chambers based on public powers in accordance with the
laws governing either veterinary medicine or private detec-
tive work.

Both chambers have certain bodies that perform various
tasks and are very important for the chamber’s overall op-
eration. It is evident from the chambers’ by-laws and legal
acts that the Veterinary Chamber has many more bodies
than the Detective Chamber. Nevertheless, the two cham-
bers have some identical bodies, which perform very simi-
lar and even identical tasks. In both chambers, the highest
body is the Assembly, in which all members are represent-
ed. Another body that operates in both chambers is the
Board of Directors, i.e., a decision-making and consultation
body, which also manages the work and operations of the
respective chamber. Both chambers have a President, who
carries out certain tasks and in the Veterinary Chamber an-
swers to the Assembly, and in the Detective Chamber to
the Board of Directors. In the absence of the President, the
Vice President acts in their place. The Supervisory Board
in both chambers consists of three members and is an au-
tonomous and independent body supervising the material
and financial operations of the Veterinary Chamber (15),
whereas in the Detective Chamber it conducts only finan-
cial supervision (16).

The chambers are financed in a very similar way, i.e.
through membership fees, admission fees and other con-
tributions from members, donations, gifts and legacies as

well as other sources. The chambers also obtain funds in
other ways, namely the Veterinary Chamber through the or-
ganisation and performance of various professional tasks,
through specialisation fees and in other ways (15). The per-
formance of the public powers by the Veterinary Chamber
is financed by the Ministry of Agriculture, Forestry and Food
through the Administration of the Republic of Slovenia for
Food Safety, Veterinary Sector and Plant Protection. The
Detective Chamber also acquires funds through various
membership fees and payments, fines, and funds from the
sale of services, as well as in other ways (16). In reviewing
the two statutes, we noted a difference in the funding of
functions based on public powers. The Veterinary Chamber
receives funds from the budget of the Republic of Slovenia
for the tasks it performs on the basis of public powers. The
Ministry in charge of the veterinary sector and the Chamber
regularly agree on the amount in accordance with the law
(15). The by-laws of the Detective Chamber do not contain
an article on the financing of tasks based on public pow-
ers. It can therefore be concluded that the Chamber does
not receive any funding for this purpose. The activities of
the Veterinary Chamber and Detective Chamber can be de-
scribed as to be very similar, despite of the fact that they
cover very different professions. Although both chambers
are specialised organisations, they have common goals
namely ensuring high standards of practice, ethical conduct,
and concern for the public good. In this way, they contribute
to the development of the profession and to the lawful and
professional performance of tasks assigned to them by the
state within the scope of public powers and public tasks, in
numerous fields and as part of various financial and other
frameworks. In summary, both chambers operate similarly,
in a similar way, naturally in a manner adapted to the profes-
sion in respect of which they were originally established.

Conclusions

There are many interpretations and definitions of what a
chamber actually is, and each differs from the otherin a few
small details. Nevertheless, it can be stated that chambers
are a type of community that brings together individuals or
groups practicing the same profession. Chambers differ in
terms of their status, their entities, their number of mem-
bers, their powers, their tasks and other aspects. In terms
of their status, they are divided into public-law and private-
law, and in terms of entities, they are classified into cham-
bers of commerce, professional chambers, and mixed-type
chambers. What all chambers have in common is that they
have developed or emerged from the same law, i.e, the
Chambers of Commerce and Industry Act (4). Each cham-
ber has its own by-laws, wherein it defines its tasks, public
powers, bodies, financing, and all other relevant matters.

The main tasks of each chamber is to pursue the objec-
tives and interests of its members and to represent them.
Also very important are the tasks performed within the
framework of public powers, which differ from chamber to



chamber depending on the activity or field for which the
chamber was established.

The research examines in more detail the Veterinary
Chamber and the Detective Chamber, and includes a com-
parison of the two.

The Veterinary Chamber (15) and the Detective Chamber
and practically all other chambers in the chamber system
of the Republic of Slovenia are financed by membership
fees and from other contributions, income of the chamber
from the performance of public powers and other services
(16). In this respect, we would like to point out that not all
chambers are financed for the performance of tasks within
the scope of public authority, which leaves room for im-
provement in such a ways that all chambers receive funds
in the same way for the tasks they perform for the state
on the basis of public powers. The legislation to be applied
to the activities of the chambers must also be regulated
and defined. In this context, the General Administrative
Procedure Act (29) should be reasonably applied or its ap-
plication defined. We would like to emphasise that in any
amendment of laws and other regulations and acts relevant
to the chambers they should be considered as partners
participating in the procedures and processes, and only
merely as enforcers of legislation enacted without their par-
ticipation. In view of our focus and the detailed presentation
of veterinary and detective activities, it is also important to
point out some of the risks and obstacles faced by the two
chambers. Particularly problematic is the fact that many
people decide for important services, such as veterinary
services, only because of the low prices and discounts they
receive, which means they are more exposed to the risk of
a lesser-quality service and the use of cheap materials and
medicines. As far as the Detective Chamber is concerned,
the biggest problem are the individuals who perform detec-
tive work without a licence, which the inspectors do not dis-
cover at all, as they are more focused on checking whether
private investigation companies with valid licences are op-
erating and carrying out their activities, and whether other
companies that are not allowed to perform detective work
or this work does not fall under their jurisdiction are doing
it anyway. Another major problem is public's lack of aware-
ness or ignorance about the detective work itself and what
detective work actually is. Many people do not realise that
they can turn to private investigation companies in many
situations for help, because too little is said about it and
the clarification is inadequate. It can be concluded that the
chambers are very similar and operate in n a similar way.
Both the Veterinary Chamber and the Detective Chamber
perform core tasks in their field of activity; nevertheless,
like everyone else, they face various challenges in their op-
erations and activities that need to be resolved immediately
to ensure smooth operations, which is particularly impor-
tant for all their members, i.e. veterinarians and detectives.
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Zbornice v Sloveniji - tako podobne in tako razlicne; primerjava struktur
in nacinov dela na primeru Veterinarske zbornice in Detektivske
zbornice v Republiki Sloveniji

0. Podpecan, M. Dvojmo¢

Izvlecéek: Zbornice so zdruzenja pravnih in fizicnih oseb, ki opravljajo pridobitno dejavnost. Po definiciji so javnopravna
skupnost, ki opravlja podobno dejavnost, ustanovljena pa je predvsem za zascito interesov svojih ¢lanov. V Sloveniji
so ustanovljene zbornice za zastopanje oseb, ki opravljajo razlicne dejavnosti - od gospodarskih druzb, samostojnih
podjetnikov, kmetov, gozdarjev, obrtnikov, detektivoy, veterinarjev ipd. Zbornice se med seboj nekoliko razlikujejo in jih
lahko razdelimo v tri skupine, in sicer na gospodarske zbornice, poklicne zbornice in mesane zbornice. Naloge zbornic,
njihovi organi in zadolZitve, merila za ¢lanstvo ter prenehanje, financiranje ali pridobivanje sredstev za delovanje in drugi
pomembni podatki so doloc¢eni v njihovih statutih, z ustreznim zakonom ali drugim pravnim aktom. V prispevku je na
primeru treh naklju¢no izbranih zbornic, ki se med seboj razlikujejo po delovanju, izvajanju javnih pooblastil ali finan-
ciranju nasploh, predstavljen celoten sistem zbornic Republike Slovenije, Veterinarska zbornica in Detektivska zbornica
pa sta podrobneje pojasnjeni. Za ti dve zbornici smo se odlocili, ker smo zeleli predstaviti zbornico, ki deluje na podrocju
naravoslovja in zbornico, ki deluje na podrocju druzboslovja. S primerjavo veterinarske in detektivske zbornice lahko torej
preuc¢imo in analiziramo Stevilne vidike, ki odrazajo raznolikost in specificnost posameznega poklicnega podrocja. Eden
od razlogov, zakaj smo izbrali ti dve zbornici, je tudi dejstvo, da smo kot avtorji aktivni ¢lani nasih dveh izbranih zbornic.
Primerjava omogoca lazje razumevanje njihovega delovanja ter njihovih podobnosti in razlik. Ugotovili smo, da ne samo
zbornice, ki smo jih izbrali, ampak vecina zbornic deluje zelo podobno, opravlja podobne naloge in ima veliko enakih or-
ganov, potrebnih za njihovo delovanje. Verjetno je to posledica dejstva, da so se vse zbornice v Sloveniji razvile ali zacele
razvijati po vzoru prve zbornice — Gospodarske zbornice Slovenije.

Kljucne besede: zbornice; Veterinarska zbornica; Detektivska zbornica
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Abstract: In this study, it was aimed to reveal the morphological and morphometric
changes of anatomical structures passing through the carpal tunnel, which is an en-
trapment neuropathy location for the median nerve. It was also aimed to evaluate the
potential of rabbits as an animal model for carpal tunnel research. New Zealand rabbit
cadavers were enrolled, and their wrists were investigated using the histological method
in this study. ImagedJ was used to measure histological sections stained with hemox-
ylin-eosin. The carpal tunnel was examined at three levels: entrance, inside, and exit.
Flexor retinaculum comprises two layers, encircling the carpal tunnel from the palmar
side. The deep and superficial digital flexor tendons, and radial carpal flexor tendon were
observed within the carpal tunnel but not the flexor pollicis longus tendon. The median
and ulnar vascular nerve bundles reside between two layers of flexor retinaculum in the
carpal tunnel. The areas of these anatomical structures were measured from images
at three levels. Since the flexor retinaculum was located at the entrance and inside, the
carpal tunnel area was measured at both levels.

The narrowing in the area from the carpal tunnel entrance to the inside of the carpal
tunnel in rabbits and the decrease in connective tissue bring the anatomical structures
here closer together. This clearly demonstrates that the carpal tunnel is an entrapment
neuropathy area, particularly for the median nerve. Upon comparing rabbit and dog car-
pal tunnel anatomy, it has been shown that rabbits exhibit a greater resemblance to
humans, particularly with regard to the flexor retinaculum. This study emphasizes the
importance of using the rabbit model to gain insights into carpal tunnel syndrome. It
demonstrates similarities between rabbit and human anatomy, underscoring the value
of this animal model for future research.

Introduction

The carpal tunnel is an osteofibrous canal located along the
palmar aspect of the wrist, formed the carpal bones and
the flexor retinaculum. This tunnel contains flexor tendons,
the median nerve, median artery, and median vein, which
are surrounded by the flexor retinaculum from the palmar
side (1-3). The carpal tunnel syndrome (CTS), which is a
common entrapment neuropathy in humans and is caused
by compression of the median nerve in the wrist region (4,
5). This condition can lead to loss of work and time, and
treatment can be economically costly (6-9). Enhancing the
diagnostic precision of carpal tunnel syndrome (CTS) might

be achieved with a comprehensive analysis of the anatomi-
cal characteristics of the median nerve.

Apart from carpal tunnel syndrome in humans, entrapment
neuropathy of the ulnar nerve is also mentioned in this re-
gion. The region where the ulnar nerve passes through the
carpal canal is called the Guyon canal (10-14).

Understanding the normal morphology of the carpal region
contributes to the diagnosis and treatment of carpal tun-
nel syndrome. The carpal tunnel investigations conducted
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on animal models has also enhanced comprehension of
the carpal tunnel and carpal tunnel syndrome (CTS) (1, 15,
16). Rabbits have been commonly utilised as a preferred
animal model in carpal tunnel investigations due to their re-
semblance to humans (1, 5, 15-18). Moreover, rabbits are
particularly preferred for CTS study due to their convenient
accessibility and cost-effective feeding and care conditions
(17-20). Nevertheless, these investigations often contain in-
sufficient and inaccurate anatomical information, and there
is no detailed morphometric study on the anatomical struc-
tures passing through the carpal tunnel in rabbits.

The objective of this study was to assess the morphological
and morphometric characteristics of the anatomical struc-
tures passing through the carpal tunnel and obtain accu-
rate reference values in rabbits using histological sections.

Materials and methods

Animal material

In this study, cadavers of thirteen adult New Zealand rabbits
(7 male and 6 female) (Oryctolagus cuniculus L.) were used,
which prepared for a previous anatomical study. The mean
weight of rabbits was determined to be 2113 + 299.70 g,
with a range of 1774-2660 g. These rabbits were anesthe-
tized with an intramuscular mixture of xylazine (5 mg/kg,
Rompun; Bayer) and 35 mg/kg ketamine (Ketanes; Alke) and
weighted. Then, they were exsanguinated by make an inci-
sion in their hearts. They were fixed by administering 10%
formaldehyde through the aorta with a plastic catheter. For
around nine months, the cadavers were kept in a 10% form-
aldehyde solution. After, performing histological sections
were prepared from the cadavers. The study was approved
by Animal Experiments Local Ethics Committee of Aydin
Adnan Menderes University (No: 645583101/2017/147).

Histological section (HS)

Carpal tissue was preserved in 10% buffered formalin
(NBF) and decalcified in 10% nitric acid. It was trimmed
after sufficient decalcification for around 5 days. After mul-
tiple treatments with xylol and increasing alcohol solutions
(70°, 80°,90°, 96°, and 100°), the tissues were taken to the
Leica TP1020 tissue tracking device and blocked in par-
affin. These blocks were cut with a microtome (Leica RM
2135) and stained with hematoxylin and eosin (H&E) (21).
At each three levels of carpal tunnel, serial sections of 5 ym
thickness were taken at 5 x 5 pm intervals. The digital imag-
es taken using an Olympus SZX-LGR66 stereomicroscope
were stored. Histological slices were photographed with a
stereomicroscope and measurement paper. After transfer-
ring the photos to BSD-2-licensed ImagedJ, measurements
were taken.

Measurements

The carpal tunnel was examined at three levels: entrance
(1. Level), inside (2. Level), and exit (3. Level). The first level
was defined as the entrance of the carpal tunnel at the ends
of the radius and ulna, where the palmar projection of the
accessory carpal bone could be seen. The second level
was defined as the inside of the carpal tunnel and included
the proximal row of the carpal bones. The third level was
defined as the exit of the carpal tunnel, where the proximal
row of carpal bones ends and the distal row of carpal bones
begins (Figure 1).

The area of the deep digital flexor tendon, superficial digi-
tal flexor tendon, and radial carpal flexor tendon that are
passing through the carpal tunnel were measured. These
measurements were taken by including synovial sheaths.
The area of the median and ulnar nerve bundles were mea-
sured. These measurements were taken by including the
fibrous band surrounding these structures. The inside area

Figure 1: Images from histological section at three levels (H&E, x20 magnification). A: carpal tunnel entrance (1. Level), B: carpal tunnel inside (2. Level),
C: carpal tunnel exit (3. Level)
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Figure 2: Image from histological section at the carpal tunnel inside (2.
Level) (H&E, x20 magnification). CR: radial carpal bone, Cl: intermediate
carpal bone, CU: ulnar carpal bone, CA: accessory carpal bone, a; deep
digital flexor tendon, b; superficial digital flexor tendon c; radial carpal flexor
tendon, d; abductor pollicis longus tendon, e; radial carpal extensor tendon,
f; common digital extensor tendon, g; primum and secundum digital
extensor tendon, h; ulnar carpal extensor tendon, i; lateral digital extensor
tendon, j; dorsal ramus of ulnar nerve, ulnar artery and ulnar vein, k; ulnar
nerve bundle (palmar ramus of ulnar nerve, arteriole and venule), I: radial
artery, accessory cephalic vein and radial nerve, m; median nerve bundle
(median nerve, median artery, caudal interosseus artery, median vein and
caudal interosseus vein)

of the median artery was measured by aligning the epithe-
lial layer was measured. The wall thickness, including the
epithelial and muscular layers of the median artery, was
measured. These measurements were taken from images
at three levels. The lengths of both layers of the flexor reti-
naculum were measured. Furthermore, the carpal tunnel
area was measured between the flexor retinaculum and the
bones. Since the flexor retinaculum was located at the en-
trance and inside, the carpal tunnel area was measured at
both levels. The connective tissue area was calculated by
subtracting the area of these anatomical structures from
the area of the carpal tunnel (Figure 2, 3).

Statistical evaluation
The statistical analysis of the data was performed using

the SPSS Statistics 21.0 software. The tables present the
data as Mean value + Standard deviation (Mean+Std).

Results

The carpal tunnel was investigated on three different levels.
These were the entrance of the carpal tunnel (1. Level), the
inside of the carpal tunnel (2. Level), and the exit of the car-
pal tunnel (3. Level) (Figure 1).

Figure 3: Images from histological sections of tendons and vascular
nerve bundles in the carpal tunnel (H&E, A, B, C, E, x40 magnification and
scale 200 pym, D, x100 magnification and scale 100 pm, Olympus-BX51,
Light microscope). A; deep digital flexor tendon (black star), superficial
digital flexor tendons (black arrow), B; radial carpal flexor tendon (black
star), C; median nerve bundle (black arrow), median artery (black star),
median nerve (white star) D: ulnar nerve bundle (black arrow), E: superficial
(black arrow) and deep (white arrow) layers of the flexor retinaculum, CA;
accessory carpal bone

It was found that the deep digital flexor, the superficial digi-
tal flexor and the radial carpal flexor tendons were within
the carpal tunnel. It was observed that the median nerve
bundle included the median nerve, the median artery, the
median vein, the caudal interosseus artery and the caudal
interosseus vein. The palmar ramus of the ulnar nerve, arte-
riole, and venule were located in the ulnar nerve bundle. The
flexor retinaculum was bilayered as superficial and deep.
These bundles were located between these two layers
within the carpal tunnel at both sides. In the carpal tunnel,
the deep digital flexor tendon and the radial carpal flexor
tendon were observed to be in a single piece, whereas the
superficial digital flexor tendon was observed to be in three
separate parts (Figure 2, 3).

It was found that the area of deep flexor tendons decreased

from level 1 to level 3, while the area of the radial carpal
flexor tendon increased. It was observed that the area of
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Table 1: The measurements of tendons in the carpal tunnel in histological sections (HS) at the three levels. PA; deep digital flexor tendon area, SA,;
superficial digital flexor tendon area, RA; radial carpal flexor tendon area

1. Level 2. Level 3. Level
n Mean1Std n MeanzStd n MeanzStd
PA(Mm?) 9 6.160.74 10 6.03+0.39 6 5.66%0.55
SA(mm?) 9 191+0.44 10 1.86+0.25 6 2.10+0.29
RA(MmM?) 8 0.1740.03 9 0.21+0.03 5 0.23£0.03

Table 2: Comparison of the measurements of vascular nerve bundles in the carpal tunnel in histological sections (HS) all levels. MNBA; median nerve
bundle area, MAA; median artery area, MAWT, median artery wall thickness, UNBA; ulnar nerve bundle area

1. Level 2. Level 3. Level
n MeantStd n Mean#Std n Mean#Std
MNBA(MM?) 8 0.91+0.32 10 0.97+0.28 7 0.75+0.29
MAA(mMm?) 7 0.17£0.02 10 0.19£0.09 4 0.14£0.03
MAWT(mm) 6 0.04+0.01 10 0.05+0.01 4 0.04£0.01
UNBA(mMmM?) 7 0.26+0.04 10 0.30+0.04 6 0.35+0.04

Table 3: Comparison of the measurements in histological sections (HS)
two levels. CTA; carpal tunnel area, SFRL; superficial flexor retinaculum
length, DFRL; deep flexor retinaculum length

1. Level 2. Level
n MeanzStd n MeanzStd
CTA (mm?) 10 18.3441.14 10 17.50£0.49
SFRL (mm) 10 9.14+0.30 9 8.33+0.24
DFRL (mm) 10 6.37£0.34 9 5.92+0.19

Table 4: Percentage changes in the areas of the anatomical structures
within the carpal tunnel and the proportional differences of these changes
during the transition from level 1 to level 2. CTA; carpal tunnel area, PA,;
deep digital flexor tendon area, SA; superficial digital flexor tendons area,
RA; radial carpal flexor tendon area, MNBA; median nerve bundle area,
UNBA; ulnar nerve bundle area

Area%o Ratio

CTA 4.58

PA 1

SA 2,62

4
g
4
RA 23.5 '-' 027
1
1
a

MNBA 6,59

UNBA 1538

Connective Tissue B.96
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superficial flexor tendons was decreased at the inside of
the carpal tunnel (Table 1).

It was observed that the measurements of MNBA (median
nerve bundle area), MAA (median artery area), and MAWT
(median artery wall thickness) were increased at the inside
of the carpal tunnel. It was found that the area of ulnar
nerve bundle increased from level 1 to level 3 (Table 2).

Measurements of the flexor retinaculum and carpal tunnel
were taken from the 1st and 2nd levels, where the carpal
tunnel was formed. The lengths of both the superficial and
profound layers of the flexor retinaculum were decreased in
the transition from level 1 to level 2. A similar reduction in
carpal tunnel area was also seen (Table 3).

While passing through from level 1 to level 2 in the carpal
tunnel, the percentage changes in the areas of the anatomi-
cal structures and the proportional differences of these
changes in the carpal tunnel are shown in Table 4. In both
levels, the connective tissue was calculated by taking out
these anatomic structures from the carpal tunnel area.
Based onthis data, while the percentage changes in areas of
the radial carpal flexor tendon and both nerve bundles were
increasing, other structures’ were decreasing. However, in
terms of proportionality (the ratio of these structures’ ar-
eas to the carpal tunnel area), the areas of all tendons and
both nerve bundles have shown an increase, whereas the
amount of connective tissue has seen a reduction.



Discussion

The carpal tunnel is a groove between the carpal bones and
the flexor retinaculum. In humans, the entrance to the car-
pal tunnel is formed by the proximal row of carpal bones,
especially the accessory carpal bone. The exit is shaped
by the distal carpal bone row and especially the hook of the
hamate bone (22-24). Since the hamate bone has no hook
in dogs, the carpal tunnel is formed only by the accessory
carpal bone (25). Since the bony roof of the carpal tunnel
in rabbits is similar to that in dogs, in this study the carpal
tunnel was examined at two levels, as in dogs.

In the morphology of the carpal tunnel in rabbits, unlike hu-
mans, it has been determined that one deep digital flexor
tendon instead of four, three superficial digital flexor ten-
dons instead of four, and the flexor carpi radialis tendon in-
stead of the flexor pollicis longus tendon pass through this
tunnel. In addition, it has been determined that the median
nerve bundle in rabbits, unlike humans, is located more su-
perficially between the two layers of the flexor retinaculum.
It has been observed that the ulnar nerve package is locat-
ed between the two layers of the flexor retinaculum, which
resembles the Guyon canal in humans (23, 26). It has been
reported that in dogs, unlike rabbits, the flexor retinaculum
consists of two layers, and the superficial digital flexor ten-
donis located between these two layers. Additionally, it was
observed that the ulnar and median nerve packages were
located under the deep layer of the flexor retinaculum dif-
ferently in rabbits (25). It should be emphasized that there
is radial carpal flexor tendon but no flexor pollicis longus
tendon in the carpal tunnel in rabbits do not agree with the
previous studies (1, 2, 27).

The carpal tunnel area of rabbits was noticed to be approx-
imately 1/9 that of humans (4, 6, 28). In dogs, taking the
boundary of the deep layer of the flexor retinaculum, the
carpal tunnel area of rabbits was seen to be approximately
1/7 that of dogs, and the superficial layer boundary of it
was 1/13 that of dogs (25).

In humans, the ratio of the area of the tendons passing
through the carpal tunnel to the carpal tunnel area has been
reported to be approximately 58-59% (28). This rate was
found to be slightly low and 46 % in this study conducted
on rabbits at carpal tunnel inlet. It is thought that the dis-
crepancies in these rates may be due to different tendons
and numbers of tendons passing through the carpal tunnel.

The morphological profile of the median nerve (cross-sec-
tional area, flattening ratio and circularity) has been proven
to be the most effective parameter for evaluating com-
pression neuropathy other than nerve conduction tests.
Additionally, the assessment of flexor retinaculum bowing
is also regarded as a significant criterion in the diagnosis of
carpal tunnel syndrome (CTS) (29-31). In the determination
of the flattening ratio of the median nerve in the human,
the long and short diameters of the nerve bundle are used.

In humans, the median nerve normally presents in the car-
pal tunnel as a whole, with all nerve fibers surrounded by
a sheath. However, in rabbits, the median nerve fibers are
dispersed, and present as a vascular nerve bundle together
with the median artery and median vein. Therefore, it is
thought that it is more appropriate to measure the area of
the vascular nerve bundle in rabbits instead of the flatting
ratio.

It has been reported that the area of the median nerve is
an average of 8 mm? (7.16-8.7 mm?) in the carpal tunnel in
humans by ultrasonography (29-35). When calculating the
ratio of the median nerve area to the carpal tunnel area, it
is found to be approximately 5% in humans (29). Rodriguez
et al. (2022) found that the area is 12 mm? with a digital
caliper in human cadavers, and the ratio is approximately
7% in humans. In this study, it has been observed that the
median nerve area of rabbits is approximately 1/9, accord-
ing to the data of Rodriguez et al. (2022) (28), this ratio is
1/13 the size of humans. The ratio of the median nerve area
to the carpal tunnel area in this study was found to be 5%
in rabbits and showed similarity with the data of Potuznik
et al. (2023) (29). It is thought that the differences in these
rates may be due to the measurement method used and
population differences.

According to Ginanneschi et al. (2018) (36), it appears that
carpal tunnel syndrome can have an effect on the morphol-
ogy of the Guyon canal as well as the morphology and func-
tion of the ulnar nerve at the wrist. The area of the ulnar
nerve within the Guyon canal was reported to be 4.54 mm?
(4.05-5.11 mm?) on average in humans by ultrasonography
(34, 35, 37-39). In this study, it was determined that the area
of the ulnar nerve in rabbits was approximately 1/15 of that
of humans. According to the data above, the ratio of the
ulnar nerve area to the carpal tunnel area is found to be
approximately 2.75% in humans. This rate was found to be
slightly low and 1.7% in this study conducted on rabbits. It
is thought that this difference arises from the fact that the
Guyon canal is not considered within the carpal tunnel area
in humans.

It was reported that the length of the flexor retinaculum,
when measured with a digital caliper, was 26.65 mm in hu-
mans, 13.03 mm in dogs, 8.46 mm in rabbits, and 2.46 mm
in rats (17). The given length of the flexor retinaculum in
rabbits is comparable to the length of the superficial flexor
retinaculum. In this study, it has been showed similarity
with the length in rabbits and was approximately 1/4 that
of humans.

With this study, it was determined that there was a narrow-
ing in the area from the carpal tunnel entrance to the inside
of the carpal tunnel in rabbits. Although there is a decrease
in the areas of the deep and superficial tendons in this re-
gion, it is noteworthy that the decrease in the connective
tissue is greater. Although there is a proportional increase
in the areas of anatomical structures passing through the
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carpal tunnel, the decrease in the connective tissue tries to
compensate this situation. However, the narrowing in the
carpal tunnel and the decrease in connective tissue bring
the anatomical structures here closer together. This clearly
shows that the carpal tunnel is an entrapment neuropathy
area, especially for the median nerve.

One of the study limitations is the rabbit cadavers utilized,
which had been stored in a formaldehyde solution for an
extended duration. Prolonged fixation in formalin may
result in secondary shrinkage on soft tissues (40). As a
consequence of the subsequent decalcification procedure,
tissue detachment occurred, resulting in a reduction in the
guantity of histological sections available for analysis.

Conclusions

The carpal tunnel anatomy of rabbits was examined in de-
tail in this study, and the insufficient and erroneous data
in previous studies on the carpal tunnel in rabbits were
tried to be clarified. In this study, we tried to explain more
clearly with the measurements taken that the carpal tunnel
is the site of entrapment neuropathy for the median nerve.
Additionally, this study emphasizes the validation of the
rabbit model in carpal tunnel syndrome research. By estab-
lishing the closer resemblance of the rabbit carpal canal to
humans, this research paves the way for more accurate in-
vestigations into the condition.
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Anatomske strukture v karpalnem kanalu kunca: primerjava s clovekom
FT. Yavas, |. Dabanoglu, A. N. Akkoc

Izvlecek: Cilj te raziskave je bil raziskati spremembe v morfologiji in morfometriji anatomskih struktur v karpalnem kanalu,
natancneje na mestu ukleScenja medianega zivca. Poleg tega smo zeleli oceniti primernost kuncev kot Zivalskega mod-
ela za Studije karpalnega kanala. V ta namen smo uporabili trupla novozelandskih kuncev in opravili histoloski pregled
njihovih zapestij. Histoloske rezine, obarvane s hematoksilinom in eozinom, smo analizirali s programom ImageJ za
pridobitev meritev. Na$ pregled je bil osredotoCen na tri nivoje karpalnega kanala: vhod, notranjost in izhod. Karpalni
kanal je obdan z dvema plastema flektornega retinakuluma na palmarni strani. Znotraj karpalnega kanala smo opazovali
globoke in povrsinske kite upogibalk prstov in radialnih upogibalk zapestja, ne pa tudi tetiv dolge upogibalke. Zilni Ziveni
snopi medianega in ulnarnega zivca se nahajata med obema plastema flektornega retinakuluma znotraj karpalnega
kanala. Da bi ocenili velikost teh anatomskih struktur, smo izmerili njihove povrsine na podlagi slik, posnetih na treh prej
omenjenih ravneh.

Ob upostevanju prisotnosti flektornega retinakuluma smo meritev povrsine karpalnega kanala izvedli tako na vhodu kot
znotraj kanala. Pri kuncih zoZitev obmocja od vhoda do notranjosti karpalnega kanala skupaj z zmanjSanjem vezivnega
tkiva povzroci, da se anatomske strukture priblizajo. To zagotavlja jasen dokaz, da je karpalni kanal mesto, kjer se pojavi
utesnitvena nevropatija, ki posebej vkljuCuje mediani zivec. S primerjavo anatomije karpalnega kanala pri kuncih in psih
je bilo ugotovljeno, da so kunci bolj podobni ljudem, zlasti v smislu flektornega retinakuluma. Ta raziskava poudarja po-
men uporabe kuncjega modela za preuCevanje sindroma karpalnega kanala, saj prikazuje podobnosti med kuncjo in
Clovesko anatomijo ter poudarja pomen tega zivalskega modela za prihodnje preiskave.

Kljuéne besede: karpalni kanal; morfometrija; histologija; mediani zivec; ulnarni zivec; flektorni retinaculum
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Abstract: Cysts, fluid accumulation, inflammatory changes and tumors are common
uterine pathologies in mares. It was aimed to investigate the change of uterine hemody-
namics in mares according to uterine pathologies (endometritis or intrauterine cysts).
The study contained 28 mares and the groups formed as 9 gynaecologically healthy
diestrus mares (Group H), 9 mares with endometritis (Group E) and 10 mares with intra-
uterine cyst (Group C). The mean uterine diameter (UD) in Group H (2.2940.18 cm) was
significantly lower than in Group C (2.9740.19 cm) (P<0.05) and in Group E (3.47+0.29
cm) (P<0.01). The diameters of the intrauterine cysts ranged between 0.57 cm and 1.83
cm in Group C. The highest diameter of the uterine artery (UA) was observed in Group E.
Hemodynamic indices of UA (Pl and RI) in Group E were not significantly different from
those in Group C (P>0.05). However, Pl and Rl values in Group H were significantly lower
than both in Group E and Group C (P<0.001). The UA waveform in Group E had an early
diastolic notch while systolic notches and small diastolic peaks were observed in the
UA waveforms of the mares in group C. Doppler USG is considered as a useful tool to
analyze the waveform and hemodynamics of the UA related to the different pathologies
(cyst or endometritis). It was concluded that not only Doppler indices but also character-
istics of the waveforms of the UA should be evaluated to understand the hemodynamic
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effect of the uterine pathologies.

Introduction

Doppler ultrasonography is a non-invasive technique that
enables the examination of physiological and pathologi-
cal changes in the blood supply of the female reproductive
system (7). Pulsatility index (Pl) and resistance index (RI)
values, which are angle-independent, are used to identify
abnormal waveforms (2). The PI characterizes blood flow
of the uterine artery (UA) and exhibits a wave-shaped pro-
file throughout the estrous cycle in mares, which are nega-
tively correlated with plasma estrogen levels during estrus
(3). In humans, decreased uterine blood flow and poor uter-
ine perfusion during the luteal phase are associated with
reduced chances of conception and infertility (4).

The most common forms of uterine pathology detected by
ultrasonography in the non-pregnant mare are accumula-
tions of intrauterine fluid, inflammatory changes (increase
in uterine wall thickness, edema of the endometrial folds,
presence of luminal content, etc.), uterine cysts (5). Uterine

cysts are fluid-filled and they can be glandular or lymphatic
in origin. Glandular cysts, which are typically microscopic
features, originate from the endometrial glands. These
cysts are commonly undetectable by reproductive ultra-
sonography and are usually <10 mm in diameter (6). The
second form of uterine cysts is lymphatic in origin and gen-
erally is larger than endometrial cysts. Most uterine cysts
detected by ultrasonography that protrude into the uterine
lumen are lymphatic. Lymphatic cysts can be measured
from as small as a few millimeters to as large as several
centimeters and they are pedunculated or sessile. The es-
tablishment of pregnancy may be impaired in mares with
multiple large (> 3 cm) cystic areas (single cyst or cluster of
multiloculated cysts) (7).

Rectal palpation and ultrasound examinations identify
the uterine fluids that may be indicative of endometritis.
An endometrial swab or endometrial biopsy provides the
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microscopic analysis of the uterine pathology (8). Although
different methods have also been used to diagnose en-
dometrial diseases, the most effective and practical tech-
nigue used to collect endometrial material has been the
commercial cytobrush/swab collector (9). Rahawy and col-
leagues (10) have recommended ultrasound and cytologi-
cal techniques for the diagnosis of endometritis in mares.
Doppler ultrasound improved the diagnosis of endometri-
tis as it showed alterations in uterine vascularization (11).
Da Silva-Alvarez and colleagues (12) recommended power
Doppler ultrasound in combination with computerized im-
age analysis which has the potential to be a very useful tool
in the diagnosis of endometritis in mares. In addition, real-
time characterization of uterine blood flow and changes in
uterine vascular perfusion and mesometrial Pl in response
to semen infusion in mares were evaluated (13).

Considering all the above, we hypothesize that pulsed
Doppler ultrasound could detect uterine hemodynamic al-
terations associated with uterine pathologies (endometritis
or intrauterine cysts) in equines. It was aimed to determine
if the indices of UA are a good marker of uterine patholo-
gies in mares.

Materials and methods

General design

In total, 50 mares were examined to get the number of 28
mares in this study. The study groups were formed as 9
gynaecologically healthy mares (group H), 9 mares with en-
dometritis (group E) and 10 mares with intrauterine cysts
(group C). The mares both with cysts and endometritis
were not included in the study. The mares were not mated
or inseminated during the study. The cytological examina-
tions were performed luteal phase of the estrous cycle. All
ultrasound evaluations were performed in mid-diestrus, 10
to 12 days after ovulation.

Animals and experimental groups

Twenty eight Arabian mares (7-14 years old; 350-435 kg)
were enrolled for the study between March and June 2021
in the Northern Hemisphere (latitude 41° N). The body con-
dition scores of the mares were between 5 and 7 (14). All
mares were from the same herd. Mares were kept in an
open shed and outdoor grass paddock under natural light
with access to water and mineral salt (ad libitum). They re-
ceived 2 kg of concentrated balanced grains daily.

Eight of 10 mares in group C and all mares in group H have
foaled in the last year. However, only 2 of 9 mares in group E
have foaled inthe last year. At the end of the study, the mares
in Group C were naturally mated at the next estrus and their
pregnancy status was recorded. Also, the routine breeding
protocol was continued for healthy mares, and they did not
have any problems in conceiving. The first examination for
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pregnancy diagnosis of mares mated in both group H and
group C was performed on the 14th day after mating. Also,
the vitality of the mare and the fetus were followed by ultra-
sonography from the diagnosis of pregnancy until delivery.

B-mode and Doppler USG

The internal genital tract (ovaries and uterus) was exam-
ined transrectally by the same operator in all groups with
B-mode ultrasonography (Esaote MylLab One Vet, Esaote
Pie Medical, Genova, Italy) equipped with linear veterinary
transducer (SV 3513 Vet; Esaote Pie Medical, Genova, ltaly).
Follicles larger than 35mm were visualized daily by ultraso-
nography until ovulation occurs. The ovulation (day 0) was
confirmed by the disappearance of the largest follicle and
visualization of the newly forming corpus luteum (CL) in ul-
trasonography examination. The date of ovulation was not-
ed for each mare. Ovaries in all groups were examined for
the presence of CL and small follicles (< 20 mm). The wid-
est cross-sectional uterine diameter (UD), edema of the en-
dometrial folds, presence of luminal content, number, local-
ization and diameter of uterine cysts were visualized on left
and right uterine horns. Related diameters were calculated
automatically by the USG equipment software. Grading of
the uterine inflammatory fluid echo pattern was performed
by grayscale echogenicity (15). The researchers (15) have
defined this classification as: Grade 1: The intrauterine
fluid is very echogenic (almost white) and represents large
amounts of suspended debris. On occasion, it may be dif-
ficult to see the junction of the fluid and the uterine wall.
Grade 2: The intrauterine fluid is echo dense (light gray)
but less so than grade 1. Grade 3: The intrauterine fluid is
dark gray due to a few hypoechoic foci suspended in an
anechoic medium. Grade 4: The intrauterine fluid is black
or anechoic. Subjective evaluation of the uterine edema
was classified according to Samper and Pycock (16). The
related classification was defined as follows: 0: No edema,
1: Minimal detectable uterine edema, 2: Moderate uterine
edema, 3: Significant edema, 4: The highest level of nor-
mal edema, little free fluid can be detected in the lumen, 5:
Abnormal uterine edema characterized by an irregular and
disorganized appearance.

The UA was found the way Bollwein and colleagues (1) de-
scribed. Uterine blood supply was studied by the investiga-
tion of the left and right uterine arteries. The UA was ex-
amined as published previously (1). The color Doppler was
used to visualize UA by using a 5 MHz transducer. Three
UA diameters were determined at the same location using
a linear array ultrasound transducer. The hemodynamic
changes of the UA were visualized by using pulsed wave
Doppler USG using a 5 MHz transducer. The angle of in-
sonation was approximately 60° during spectral measure-
ments. At least three consecutive systolic peaks with simi-
lar amplitude and velocity were included for analysis. The
Pl and Rl values of UA were automatically calculated by the
Doppler machine software. To minimize the variations, set-
tings were kept constant (B mode frequency 10 MHz, color



flow Doppler frequency 5 MHz, gain 28%, pulse repetition
frequency 1 KHz, Pulsed wave Doppler frequency 5 MHz,
gain 70%, pulse repetition frequency 2 KHz).

Cytological examination

Cytobrush (CB) technique was performed using a cytology
brush instrument (Equine Cytology Brush, Ref. 17214/2960;
Minitube GmbH, Tiefenbach, Germany) as reported before
(17). The slides were stained with MGG Diff Quick stain set
(ADR Group, Mediko Kimya, Istanbul, Tirkiye) according to
the manufacturer’s instructions. Slides were examined by
a light microscope (Olympus CX41, Tokyo, Japan) at x400
magnification. A digital camera (Olympus SC30, Tokyo,
Japan) combined with a software package program al-
lowed digital documentation and further analysis. In total,

200 cells were counted to determine the percentage of
PMNs in each slide (17). The ratios of PMNs less than 0.5%,
between 0.5% and 5%, between 5% and 30%, and higher
than 30% were used to determine the classifications as 0,
+1, +2 and +3; respectively (18, 19).

Statistical analysis

Statistical analyses were performed with the SPSS 13.0
package program. The normal distribution of the data was
checked by using Shapiro-Wilk test. The comparison of the
groups about USG measurements were applied with One-
way ANOVA and Duncan tests. Values were given as mean
+ standard error of the mean (SEM). The significance level
was accepted as P<0.05.

Figure 2: A. Transrectal USG image of the uterus in a mare with endometritis and presence of the intrauterine fluid. Red arrows: Excessive edema of the
endometrial folds (D,: 3.69 mm and D,: 6.08 mm). Yellow arrow: Increased uterine diameter (4.02 cm). B. Cytology smear obtained by CB in a mare with
+2 endometritis. Black arrow: PMNs. Blue arrow: Neutrophil
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Figure 3: Waveforms and color mapped of UA in all groups. A. Early diastolic notches (red arrows). Color mapped of the UA and the presence of the
intrauterine fluid accumulation. B. Waveform evident with systolic notches (blue arrows) followed by a small diastolic peak (blue stars). Color mapped of
the UA and the presence of an intrauterine cyst. C. Spectral Doppler graph and typical pattern of UA waveform. Color mapped of the UA and transversal
section of the healthy uterus in the luteal phase

Results

The mean ages of the mares related to groups were
8.4+0.50 years in Group H, 12.25+1.03 years in Group E,
and 11.2+0.37 years in Group C. Significant rises were de-
termined in the mean ages of the mares both in Group E
and Group C than in Group H (P<0.01) while the ages be-
tween Group E and Group C were not significantly different
(P>0.05). In B-mode ultrasonography, all mares which were
not mated/inseminated, had follicles less than 20mm and
corpora lutea on the ovaries (Figure 1).

In nine mares in Group E, endometritis was diagnosed by
transrectal palpation, CB, and transrectal USG (Figure 2). All
mares in Group E had chronic endometritis. In each mare
of group E, an excessively toned, partially pendulous, and
enlarged uterus was detected by rectal palpation. Cytology
smears of Group E were classified as PMN +2 (Table 1).
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However, none or less than 0.5% PMNs was observed in
Group H and Group C.

In Group E, the mean UD and uterine wall thickness were
3.47+0.29 cm and 4.30+0.28 mm; respectively. The amount
and echogenicity of the intrauterine fluid in Group E was
Grade 2 (Table 1). Subjective evaluation of uterine edema,
2 of the 9 mares in Group E exhibited Grade 3, while the re-
mainder presented with Grade 2 (Table 1). Edema of the en-
dometrial folds, presence of intrauterine fluid, and rise in UD
was visualized in Group E by transrectal USG whereas ab-
sence of edema of the endometrial folds, absence of the in-
trauterine fluid, and UD were 2.29+0.18 cm in Group H. The
mean UD of all groups is presented in Table 2. The mean UD
in Group H was significantly lower than in Group C (P<0.05)
and in Group E (P<0.01). According to trans-rectal ultraso-
nography, single (=6 mares) and double intrauterine cysts
(n=4 mares) were observed in Group C. The cysts were lo-
cated on the right uterine horn (n=5 mares) and on the left



Table 1: Uterine edema, echogenicity of intrauterine fluid, PMN grades in mares with endometritis

Uterine edema Echogenicity of intrauterine fluid PMN (%)
Mares in
GroupE 0 (+1) (+2) (+3)
0 1 2 3 4 5 Grade 1 Grade 2 Grade 3 Grade 4
<0.5% 0.5-5% 5-30% >30%
No.1 + + +
No.2 + + +
No.3 + + +
No.4 + + +
No.5 + + +
No.6 + + +
No.7 + + +
No.8 + + +
No.9 + + +

uterine horn (n=5 mares). The diameters of the intrauterine
cysts ranged between 0.57 cmand 1.83 cm (1.27+0.10 cm).
The diameter of UA (DUA) was measured on the color im-
age of UAin all groups. Accordingly, the mean DUA in Group
C (3.85+0.04 mm) was significantly lower than in Group E
(3.9440.02 mm) (P<0.05). In Group H, DUA (3.79+0.03 mm)
was significantly lower than in Group E (P<0.01) while sig-
nificant differences in DUAs were not observed between
Group H and Group C (P>0.05) (Table 2).

Blood flow in UA was analyzed by calculation of Pl and RI.
The PI and RI values of all groups are presented in Table
3. Both Pl and Rl values in Group E were not significantly
different from those in Group C (P>0.05). However, Pl and
Rl values in Group H were significantly lower than both in
Group E and Group C (P<0.007).

The waveform of the UA belong to the groups were present-
ed at Figure 3. In Group E, the waveform was character-
ized by a systolic peak followed by diastolic flow, extending
throughout the cardiac cycle with prominent early diastolic
notch. Additionally, systolic notches and small diastolic
peaks were observed in the UA waveforms of the mares
in Group C. In Group H mares, the biphasic waveform was

Table 2: Mean and standard error of the UD and DUA in all groups

characterized by a short fall in peak systolic flow and was
continuous with diastolic flow. The diastolic component
continued with the previous systolic component and pre-
sented throughout the cardiac cycle which indicated good
uterine perfusion in Group H.

When the measurements of the study were completed, 10
mares in Group C were naturally mated at the next estrus.
One mare had pregnancy loss on Day 45 due to the local-
ization of the embryonic vesicle next to the intrauterine
cyst. All but 1 of the rest of 8 mares became pregnant and
gave birth to a healthy foal. Also, all mares in Group H had
healthy foals in the next breeding.

Discussion

Infertility problems increase in parallel with the mare's
age. A decrease in fertility is seen in mares older than 15
years (20). Leidl and colleagues (21) reported that there
was no evidence of cysts in mares under 10 years of age.
Consistent with the previous report, the mean age of the
mares in group C was greater than 10 years. Carnevale and

Table 3: Mean and standard error of the UA resistance index (RI), and
pulsatility index (PI) of the mares

Group E (n=9) Group C (n=10) Group H (n=9)

Group E (n=9) Group C (n=10) Group H (n=9)

UD (cm) 3.47+0.29° 2.97+0.192 2.29+0.18°

Pl 2.34+0.09° 2.22+0.102 1.65+0.06°

DUA (mm) 3.94+0.02° 3.85+0.04° 3.79+0.03°

RI 0.85+0.00° 0.84+0.071° 0.76+0.01°

ab Different letters in the same line indicate the significant difference as
P<0.05

ab Different letters in the same line indicate the significant difference as
P<0.001
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Ginther (22) indicated that old age was associated with
increased endometrial inflammation, reduced pregnancy
rate, increased embryo-loss rate, increased severity of en-
dometrial fibrosis, increased uterine vascular dysfunction,
and reduced fertility in mares. Also, a progressive increase
in the frequency of mares with cysts with the advancing of
age has been reported (23). Although the mean ages of the
mares in Group E and Group C were not older than 15 years
in this study, they were significantly higher than in Group H.
The similar results emphasized that uterine problems be-
come common when the age progresses.

Uterine cysts had two additional origins: Lymphatic cysts
from obstruction of lymphatic channels and pooling of
lymph in multiparous mares, glandular cysts from endome-
trial glandular distension resulting from periglandular fibro-
sis (24, 6). Glandular cysts range from a few millimeters to
1 cmin diameter and are frequently seen in pregnant mares
but mean diameter of lymphatic cysts varying from 2 to 48
mm (23, 24). Most uterine cysts detected by ultrasonogra-
phy that protrude into the uterine lumen are lymphatic (7).
In line with the previous reports, the mean diameter of the
uterine cysts in our study was 1.27+0.10 cm and the mares
were multiparous but not pregnant, which supports the lym-
phatic nature of the intrauterine cysts in Group C. Tannus
and Tunn (23) observed that uterine cysts were most com-
monly located at the junction of both uterine horns and the
body of the uterus, which is also the site of vesicle fixation.
Additionally, the pregnancy rates were found lower at Days
14 and 40 in mares with uterine cysts (23). Consistent with
the previous report, one mare in our study had an embry-
onic loss at Day 45 due to the localization of the vesicle
next to the intrauterine cyst. Early embryonic losses could
be explained by inadequate blood flow and nutrient provi-
sion for the conceptus due to improper implantation adjoin-
ing a cyst (6). However, Leidl and colleagues (217) reported
that endometrial cysts can be recognized together with
embryonic vesicles and pregnancies can continue without
any problems. Similar to Leidl and colleagues (21), 8 of 10
mares in Group C became pregnant and had healthy foals
in this study.

Transrectal palpation, ultrasonography and uterine cytol-
ogy are the non-invasive, easy, and rapid methods for the
diagnosis of endometritis (25). Similarly, three diagnostic
methods were used to identify endometritis in mares in this
study. The researchers reported that mares with endome-
tritis classified as +2 and +3 had a mean uterine diameter
of 416 + 0.28 cm (26). Although the mean uterine diameter
in Group E (3.47+ 0.29 cm) was significantly higher than in
Group H (2.29 +0.18 cm), it was lower than previously re-
ported. Different results may have arisen due to differenc-
es in the cytological stage of endometritis (only +2 PMN)
in this study. Rahawy and colleagues (10) stated that the
mean uterine fluid echogenicity in cases of endometritis is
proportional to the increased endometrial wall thickness.
Grading of the uterine inflammatory fluid echo pattern,
performed by gray scale echogenicity as the researchers
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reported (15), identified a moderate amount of slightly
echogenic, light gray echodense intrauterine fluid in Group
E. This group also demonstrated a marked increase in uter-
ine wall thickness, consistent with previous reports (10,15).

The researchers reported that DUA ranges between 2 to 6
mm in cyclic mares (1). Two maiden mares had a uterine
artery diameter of 0.29 and 0.25 cm which was significantly
smaller compared with the mean uterine artery diameter of
the multiparous mares (0.4+0.07 cm) in a study by Klewitz
and colleagues (27). In line with the previous reports, DUA
was ranged between 3.79 to 3.94 mm in this study. Similar
results were thought to be obtained because all mares
were multiparous in this study. Luttgenau and colleagues
(28) observed greater uterine perfusion in mares with en-
dometritis. In addition, it had been reported that the DUA
before treatment in mares with acute endometritis was
significantly larger than that at the end of treatment (29).
Abdelnaby and colleagues (11) stated that uterine artery
showed an increase in circumference and area in mares
with endometritis. Similarly, in the presented report, the
highest DUA was detected in Group E but no difference was
observed in DUA between Group C and Group H. This result
could be explained by the increase of uterine perfusion in
endometritis as Littgenau and colleagues (28) indicated.

Uterine artery notches are another sign of the blood flow
spectrum. An early diastolic notch is considered to be
present when there is a visibly defined upturn of the flow
velocity waveform at the beginning of diastole. The pres-
ence of an early diastolic notch in uterine artery flow ve-
locity waveforms has been reported to be a good predictor
of poor pregnancy outcome. Early diastolic notch depth,
double notches and reversed diastolic flow may be ac-
cepted as different uterine artery waveforms related to the
severity of adverse effects and outcomes (30). Although
poor pregnancy outcome was not presented in this study,
early diastolic notches were observed in mares with endo-
metritis which also had the highest DUA. The presence of
early diastolic notches in Group E can be explained by the
researchers (31) who reported that larger uterine vessels
and myometrial resistance are highly associated with UA
notching. A systolic notch is considered to be present when
there is a defined upturn or horizontal flow velocity wave-
form in the systolic wave (30). If Doppler waves have sig-
nificant magnitude and are delayed concerning the incident
waveform, notching occurs (32). Thaler and colleagues (33)
observed that fetal growth retardation rates were signifi-
cantly higher in pregnant patients with systolic or diastolic
notches. Lau and colleagues (34) hypothesized that reverse
diastolic flow or double notches in the uterine artery may
be the result of progressive deterioration in the underlying
vasculopathy. Though pregnant mares were not included
in this study, systolic notches were observed in waveforms
of the mares with intrauterine cysts. It is thought to occur
due to the deterioration in the vasculopathy and the delay
concerning the waveform (32,34).



A significant increase was reported in Doppler veloci-
ties and blood flow rate accompanied by a significant
decrease in Doppler indices in mares with endometritis
(11). Significantly higher Pl and RI were reported in cows
diagnosed with mild degree in comparison with cows di-
agnosed with moderate and severe degrees of clinical en-
dometritis (35). In contrast with Abdelnaby and colleagues
(11), significantly higher Pl and Rl were determined in Group
E and Group C than in Group H in this study. Ferreira and
colleagues (36) reported that mares with cysts had lower
Pl and RI of the mesometrial vessels than the controls.
Also, they demonstrated reduced uterine vascular perfu-
sion in mares with uterine cysts and a positive association
between the size of the cystic area and disturbed uterine
hemodynamics. Contradictory to the previous report (36),
the rise in Pl and Rl in Group C than in healthy controls was
thought that less disturbed uterine hemodynamics due to
smaller sizes of the intrauterine cysts in the present study.
Thaler and colleagues (33) reported that notches had sig-
nificantly higher rates of fetal growth retardation and the
presence of both in systolic or diastolic notch, the Rl in the
UAs on both sides of the uterus were significantly higher
than in subjects without a notch. Clark and colleagues (32)
indicated that high RI in UA, combined with notching, re-
flects an abnormal remodeling of the entire uterine vascu-
lature. In line with the findings of the researchers (32, 33),
the second reason for the rise in Doppler indices (Pl and
RI) in Group E and Group C could be the occurrence of the
notches (diastolic or systolic) on the spectral waveforms
which reflect the abnormal uterine vasculature.

Conclusions

Doppler USG is considered a useful tool to analyze the
waveform and hemodynamics of the UA related to the dif-
ferent pathologies (cyst or endometritis). It was concluded
that not only Doppler indices but also characteristics of the
waveforms of the UA should be evaluated to understand
the hemodynamic effect of the uterine pathologies.
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Hemodinamicne spremembe maternicne arterije pri kobilah z
razlicnimi patologijami maternice

Z. Glnay Ucmak, I. Kurban, F. Ozbezek

Izvle€ek: Ciste, nabiranje tekoCine, vnetne spremembe in tumorji so pogoste patologije maternice pri kobilah. Nas na-
men je bil preuciti hemodinamicne spremembe maternice glede na patologijo maternice (endometritis ali intrauterine
ciste). V studijo je bilo vklju¢enih 28 kobil, razdeljenih v skupine: 9 ginekolosko zdravih kobil v diestrusu (skupina H), 9
kobil z endometritisom (skupina E) in 10 kobil z intrauterino cisto (skupina C). Povpre¢ni premer maternice (UD) v skupini
H (2.2940.18) je bil bistveno man;jsi kot v skupini C (2.9740.19 cm) (P<0.05) in skupini E (3.47+0.29 cm) (P<0.01). Premeri
inrauterinih cist v skupini C so se gibali med 0.57 cm in 1.83 cm. Najvecji premer materni¢ne arterije (UA) je bil opazen
v skupini E. Hemodinamicni indeksi UA (Pl in RI) v skupini E se niso bistveno razlikovali od tistih v skupini C (P>0.05).
Vrednosti Pl in Rl v skupini H pa so bile bistveno nizje kot v skupini E in C (P<0.001). Pri skupini E je bil v krivulji UA prisoten
zgodniji diastoli¢ni vrez, medtem ko so bile v krivulji UA kobil iz skupine C opazne sistoliCne zareze in majhni diastolicni
vrhovi. Dopplerjev USG velja za uporabno orodje za analizo valovanja in hemodinamike UA, povezanih z razli¢cnimi pa-
tologijami (cista ali endometritis). Ugotovljeno je bilo, da je za razumevanje hemodinamskega ucinka patologij maternice
poleg dopplerskih indeksov potrebno vrednatiti tudi znacilnosti valovnih oblik UA.

Kljucne besede: Doplerjeva ultrazvoCna preiskava; endometritis; intrauterina cista; zareza
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Abstract: Ketosis is an energy-related metabolic disease that primarily occurs during
the early lactation period in dairy cattle. Ketosis adversely affects production, animal
health, and reproduction. The present study determines the prevalence and risk factors
associated with ketosis in dairy cattle during early lactation in Egypt. A total of 1179 dairy
cows from 37 dairy farms were screened for ketosis using a semi-quantitative cow-side
milk strip test. A questionnaire was constructed to include the hypothesized risk factors.
Risk factors were assessed on both the cow and herd levels using logistic regression
model. The findings showed that the prevalence of ketosis was 6.35% (75/1179 cases).
On the cow level, the final logistic regression model revealed a significant association
between ketosis and parity =4 (P= 0.040, OR: 1.74, Cl 95%: 1.025-2.95), cows with a dry
period length = 65 days (P =0.02, OR: 1.88, Cl 95%: 1.1-3.18), calving season (P=0.037,
OR:1.73,Cl 95%: 1.03-2.89), BCS>3.5 (P=0.010, OR: 2.03, Cl 95%: 1.19-3.47), milk yield
>251 /day (P= 0.033, OR 2.04, Cl 95%: 1.06-3.92), dystocia (P< 0.007; OR: 3.18, Cl 95%:
1.75-5.77), retained placenta (P= 0.006, OR: 2.85, Cl 95%: 1.35-6.032), and displaced
abomasum (P< 0.001, OR: 26.28; Cl 95%: 7.20-95.90). On the herd level, there was an
association between ketosis and insufficient prepartum feeding of a total mixed ration
(P=0.021,0R:6.29, Cl 95%: 1.325-29.86), and in herds deficient-lactation supplementa-
tion propylene glycol (P=0.047, OR: 4.86, Cl 95%: 1.020-23.19). In conclusion, ketosis is
an existing problem in dairy farms in Egypt; therefore, identification of risk factors may
provide a useful approach for the prevention and control such metabolic problems.

Introduction

Ketosis is a metabolic disease in dairy cattle defined by high
concentrations of ketone bodies in body fluids. Ketosis oc-
curs mainly near peak milk production (1), but ketosis has
also been documented in late pregnancy (2). The differences
in energy requirements for milk production and energy intake

due to reduced feed intake during the transition period result
in anegative energy balance state (3). Fat mobilization occurs
in response to increased energy demands and concomitant
deficiency in blood glucose, resulting in high ketones produc-
tion in the liver (4). These ketone bodies, including acetone,
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acetoacetate, and beta-hydroxybutyrate are utilized peripher-
ally as an energy source (5). A blood serum concentration of
BHB >1.2 mmol/L (6) and ketosis thresholds of 100 pmol/L
milk BHB using point-of-care meter indicate a positive case
for ketosis (7)

In dairy cows, ketosis may appear either in clinical or subclini-
cal form (8). Decreased milk production and increased risk for
other diseases are the main economic losses due to ketosis
(9), but bodyweight loss, culling, and increased mortality are
additional implications (10).

The detection of ketone bodies in serum, urine, or milk is
used to diagnose ketosis (11). Several techniques have been
employed to measure the concentration of ketone bodies in
blood, urine, or milk in order to diagnose bovine ketosis (12).
As BHB is the standard indicator of ketosis in ruminants and
is more stable than other ketone bodies, colorimetric detec-
tion of blood BHB using an ultraviolet spectrometer is the gold
standard method for detecting ketosis (13). Fourier Transform
Infrared (FTIR) Spectrometry is used also for measurement
of milk ketone bodies (14). This method is fast, inexpensive,
and easy to implement on a large scale (15). Fluorometric de-
tection of BHBA levels in milk and blood was recommended
by Larsen(16) because it produces results that are closely
correlated with those of the standard spectrophotometric
method, are not affected by blood sample hemolysis, and do
not require the preparation of whole milk samples. Gas liquid
chromatography can also be used for diagnostic purposes
(17). Recently, metabolomics analysis using nuclear magnet-
ic resonance (NMR) spectroscopy mass spectrometry (MS)
has been introduced for diagnosis of different blood metabo-
lite associated with ketosis (18). Cow-side tests, a field tech-
nique has been developed to provide rapid evaluation and
overcome the cost of other diagnostic tests (1). PortaBHB is a
semi-quantitative cow-side test that may be used for screen-
ing cows for ketosis by measuring BHBA in milk (19).

Several studies have highlighted the association between ke-
tosis and other diseases, including displacement of aboma-
sum, which is strongly associated with ketosis (20). In addi-
tion, mastitis (21), and metritis (22) are more likely to occur
in ketotic cows. Ketotic cows' reproductive performance was
hindered since their conception rate was lower than that of
non-ketotic cows (23). Several animal risk factors for ketosis
of which a higher dairy cow body condition score (BCS) at
calving (24, 25), and increased parity (26) have been identified.

Clinical and biochemical investigation on subclinical and clini-
cal ketosis have been conducted in dairy cows (27, 28) and
buffalo (29, 30). In addition, limited trials on treatment of ke-
tosis in dairy cattle has been presented (31) However, to the
best of the authors knowledge, studies on risk factors associ-
ated with ketosis in Holstein dairy cows are scarce. Therefore,
the objective of this study was to determine the prevalence
and the associated risk factors of ketosis at both cow and
farm levels in Egypt.
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Materials and methods

Study area

The present study was carried out at the middle and north-
eastern Delta region of River Nile, Egypt. Eight main gov-
ernorates namely Qalyubia, Dakahlia, Menofia, Gharbia,
Ismailia, Al Shargia, Damietta, and Kafr Elsheikh) were in-
cluded in this study. According to the Koppen-Geiger cli-
mate classification (32), the climate of these governorates
is a hot desert climate (Figure 1).

MEDITERRANEAN SEA

Red
sea

Figure 1: Study area (7 governorates) for prevalence of ketosis in dairy
cows in Egypt. The red dots are sampling locations

30 +

Number of ketosis cases

Figure 2: Frequency of ketosis cases across the first 42 days after
parturition

Study Animals

The present study has been approved by Mansoura
university Animal Care and use committee (MU-
ACUC:VM.R.23.01.43).. Firstly, farms from the basic geo-
graphic and administrative units in the Delta region were
visited. Owners were asked to participate in the study
and to give consent and thirty-seven owners out of 93
(39.8%) accepted to be enrolled in the study. In farms under



investigation, all parturient cows at risk of ketosis during
42 days after parturition are included in the study (1,179
cows). All the dairy farms that participated in this survey
had Holstein-Friesian cows in free-stall barns. The cows
were 3-9 years of age with a mean body weight of 575 +
78 kgm. Each farm was sampled once, and all cows were
screened during 42 days after parturition. A questionnaire
was constructed to explore the hypothesized risk factors
based on previous studies (33). The questionnaire included
data concerning each cow and the farming system. Risk
factors on both cow and herd level were proposed (Table
1). On the cow level, the hypothesized risk factors were par-
ity, dry period length, BCS at parturition (34), the season of
parturition, calving assistance, milk yield, and post-partu-
rient diseases (dystocia, retained placenta, metritis, lame-
ness, displaced abomasum, and clinical mastitis) (Table 2).
However, on the herd level, the hypothesized risk factors
were herd size, amount of prepartum total mixed ration,
and lactation supplementation with glucose precursors.

Samples and test for BHBA in Milk

A composite milk sample was collected from each cow par-
ticipating in this study AM. To quantify - hydroxyl butyric
acid (BHBA) in milk, a semi-quantitative cow-side milk strip
test (PortaBHBTM, PortaCheck, USA) was used. Each milk
sample was tested by dipping a Porta BHBTM milk strip
into it. The results were read after one minute by compar-
ing the color of the test strip to the color chart on the test
bottle. The values of the color charts indicated 0, 50, 100,
200, and 500 pmol /L based on the color density. The posi-
tive cows for ketosis were identified at a level of 200 pmol
of BHBA/L.

Statistical Analysis

For statistical analysis, SPSS, commercial statistical soft-
ware, was used (SPSS for Windows, version 16.0, SPSS
Inc, USA). First, descriptive statistics and the distribution
of risk factors for cases of ketosis were performed. At ani-
mal levels, the logistic regression analysis was conducted
to test the association between ketosis and the possible
risk factors. In an initial step, univariate logistic regression
statistics were conducted. In such a process, the category
of the cattle (ketotic or non-ketotic) was the dependent di-
chotomous variable, but the proposed risk factors were the
independent variables. Then, independent factors with a
significant association (P<0.1) were included in the multi-
variate backward stepwise logistic regression analysis. The
goodness of the fit statistical test greater than 0.05, was
used by Hosmer and Lemeshow to suggest that the results
of the model match the data in the multivariate analysis
were at an appropriate level. The regression coefficient (B),
odds ratio (OR), confidence interval (Cl: 95%), standard er-
ror, and P value were the parameters in the results for each
variable. Results were considered significant at P< 0.05 in
every statistical analysis.

Results

The prevalence of ketosis in cows under investigation was
6.35% (75/1179) using the PortaBHB milk ketone test at a
cut-off point of 200 pmol of BHBA /L (Figure 2). The herd
prevalence of ketosis varied from 0 to 11.55%. Most keto-
sis cases (65.3%) were observed during the second post-
partum week, whereas the remaining instances (16%) and
(18.7%) were observed during the first and other weeks,
respectively.

Table 2 and 3 show the descriptive statistics and the results
of univariate analysis of factors associated with ketosis. On
cow level, univariate statistical analysis showed a signifi-
cant association between ketosis and parity = 4 (P =0.017,
OR:1.82,Cl195%: 1.11-2.0 97). Where cows with parity 1 was
(85.96%), parity 2 (20.36%); parity 3 (19.25%), and parity= 4
was (24.43) %. A significant association was also recorded
between ketosis and cows with a dry period length = 65 days
(P=0.019, OR: 1.8, Cl 95%: 1.1-2.9). Thus, 75.07 % of cows
had a dry period length < 65 days, whereas 24.93% of the
cows had adry period length = 65 days. Cows with BCS >3.5
are significantly associated with ketosis (P=0.001, OR: 2.25,
Cl 95%: 1. 37-3. 68). Where, cows with BCS of < 3.5 repre-
sented 78.97% and those with a high BCS > 3.5 represented
21. 03%. Calving in winter season was significantly associ-
ated with high prevalence of ketosis (P= 0.013, OR: 1.84, CI
95%: 1.14-2.96). Thus, 28.6 % of dairy cows calved in winter,
36.64 % of cows calved in autumn, 19.92 % of cows calved
in summer, and 14.84 % of cows calved in spring. Regarding
the milk yield, ketosis was prevalent in cows with milk yield
>25 kg (P=0.012, OR: 2.24, Cl 95%: 1.20-4.2). Cows with a
milk yield = 25 kg/day represented 71% and cows with < 25
kg/day represented 29%. Concerning postpartum events, a
significant association between ketosis and the following
disorders was documented: dystocia (P<0.001; OR: 2.92,
Cl: 1.68-5.08), retained placenta (P= 0.001; OR: 3.1, Cl 95%:
1.6-6.03), displaced abomasum (P< 0.007; OR: 37.5, Cl 95%:
11.25-124.97). Where calving assistance was required for
(11.37%) of cows. Placenta was retained in (6.45%) of cows.
Moreover, the most frequently identified postpartum disor-
ders were clinical mastitis (21.9%), lameness (7.12%), metri-
tis (3.81%), and left displaced abomasum (1.1%). However,
metritis, mastitis, and lameness showed non-significant
associations.

Multivariate logistic regression model revealed a signifi-
cant association between ketosis and parity=4 (P= 0.040;
OR: 1.74; Cl 95%: 1.025-2.95), calving in winter season
(P=0.037;0R: 1.73, Cl 95%: 1.033-2.89), BCS>3.5 (P= 0.010,
OR: 2.03; Cl 95%: 1.19-3.47), milk yield >25L /day (P= 0.033,
OR: 2.04, Cl 95%: 1.06-3.92), dystocia (P< 0.001; OR: 3.18,
Cl95%: 1.75-5.77), retained placenta (P=0.006; OR: 2.85, CI
95%: 1.35-6.032), and displaced abomasum (P< 0.000, OR:
26.28, Cl 95%: 7.20-95.90) (Table 4).

On herd level risk factors, risks of ketosis increased in herds
fed a prepartum total mixed ration <12 kg/day (P= 0. 027;
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Table 1: Description and levels of hypothesized risk factors associated with ketosis in dairy cows

Risk factors Level and description

1 Calving Season and autumn calving =4

According to calving season, categories were winter calving =1, spring calving =2, summer calving =3,

2 Cow Parity

cows with parity 1 =1, parity 2 =2, parity 3=3, parity=4=4

3 Body Condition Score

According to the body condition at calving, dairy cows were categorized into cows with low and
moderate BCS <3.5 =1, and cows with high BCS > 3.5 =2.

4 Milk Production

According to average daily milk production, cows were categorized into: cows with low milk

production<25Kg =1, and cows with high milk production= 25kg =2

5 Dry Period Length

According to length of dry period, cows were categorized into: cows with short dry period< 65 days =1,
and cows with long dry period =65 days =2

6 Dystocia Cows had dystocia=1, and cows with normal birth =2
7 Retained Placenta cows with retained placenta=1, and cows without placental retention=2
8 Metritis Cows were categorized into cows with metritis=1, and cows without metritis=2

9 Left Displaced Abomasum (LDA):

Cows with LDA=1, and cows without LDA=2

10 Mastitis

Cows with clinical mastitis =1, and cows without clinical mastitis=2

11 Lameness

Cows with lameness =1, and cows without lameness=2

1 Herd Size Small dairy herds with lactating cows <100 =1, and large dairy herds with lactating cows = 100
o Amount of Prepartum Total Mixed According to the amount of prepartum, TMR, dairy herds were categorized into: herds receive a
Ration sufficient TMR (212kg)=1, and herds did not receive adequate TMR (<12)=2
3 Lactation supplementation with Herds were supplemented with propylene glycol=1, and herds were not supplemented with propylene

propylene glycol glycol=2

OR: 6.29; Cl 1.325-29.858), and in the herds with a lack of
lactation supplementation with glucose precursors (P=
0.047; OR: 4.86; Cl 1.020-23.19) (Table 5-6).

Discussion

Dairy cows are at risk of a period of negative energy balance
(NEB) during the transition from late gestation to early lac-
tation, caused by insufficient nutritional intake to fulfill the
animal's maintenance and milk production requirements
(35). To meet energy demand, dairy cows' body fat is be-
ing used for energy and protein for gluconeogenesis, lead-
ing to an increase in non-esterified fatty acids (NEFA) and
BHBA (36). It has been concluded that the time in which
early-lactation dairy cows are at risk for hyperketonemia
lasts at least until 42 day in milk (37). The design of the
present study fulfills the objectives to determine the preva-
lence and risk factors of ketosis in dairy cows. It has been
stated that the cross-sectional studies are the best choice
when the aim of the research is to estimate the prevalence
of a characteristic in a specific population, they may also be
useful if the aim is to evaluate factors associated with a dis-
ease or condition (38). In the present study, the prevalence
of ketosis was 6.35% with peak prevalence during the first
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two weeks of lactation. A higher prevalence was reported in
North America (18.8%) (39), Europe 29.3-39% (22, 40), Asia
9.6%-17.9% (41, 42), and Africa 16.9 (22). This finding may
be attributed to differences between geographic regions
which affect dairy cows’ husbandry and farm manage-
ment. It has been stated that country differences, cultural
backgrounds, climate, dairy farming structures, increased
milk production and herd size seem to have been consid-
erably associated with dairy farm development (22, 43).
Moreover, feeding strategies, genetic variation, and other
diseases may also affect the prevalence (44). McArt et al.
(45) stated that using the incidence of hyperketonemia has
benefits over using its prevalence for the recognition of op-
timal testing and treatment policies at the herd level.

Many techniques have been used to quantify or semi-quan-
tify ketone bodies in blood, milk, and urine have been used
to diagnose bovine ketosis (12), of which the detection of
BHBA in serum and plasma is the gold standard test for
ketosis since BHBA is the primary ketone body in ruminants
and is more stable than other ketones, although this test
is costly and time-consuming (46). A variety of cow-side
tests are used to screen herds for ketosis in body fluids
(blood, milk, and urine). In the present study, PortaBHB milk
ketone test, is a simple, non-invasive, and quick field test



Table 2: Categorization of cows as ketotic or non-ketotic with relation to different risk factors

Ketotic cows Non- ketotic cows

Variable Number % Number %

(75) (1104)
Seasons
Winter: 31 41.3 306 2772
Autumn: 24 32 408 36.95
Summer: 12 16 223 20.20
Spring: 8 10.7 167 1513
Parity:
1 25 33.33 399 36.1
2: 12 16.00 228 20.7
3 11 14.67 216 19.6
>4 27 36.00 261 23.6
Body condition score:
<35 48 64.00 883 80.00
>3.5 27 36.00 221 20.00
Milk production:
<25kg 12 16.00 330 29.00
=25 kg 63 84.00 774 71.00
Long dry period:
Short <65 48 64.00 841 76.20
Long = 65 27 36.00 263 23.80
Dystocia:
Present 19 25.30 115 10.40
Absent 56 74.70 989 89.60
Retained placenta:
Present 12 16 64 5.80
Absent 63 84 1040 94.20
Metritis:
Present 02 2.70 43 3.90
Absent 73 97.30 1061 99.80
Lef displaced abomasum:
Present 09 12 04 40
Absent 66 88 1100 99.60
Mastitis :
Present 18 24 240 217
Absent 57 76 864 78.3
Lameness:
Present 8 10.7 76 6.9
Absent 67 89.3 1028 931
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Table 3: Univariate logistic regression model for animal level risk factors associated with ketosis

95.0% C.I.

Variable B S.E. OR Lower-Upper P
Parity .59 251 1.82 1.11-2.097 017
Dry Period Length .58 251 1.8 11-29 .019
BCS:>3.5 .81 252 2.25 1.37-3.68 .001
Calving season .61 244 1.84 1.14-2.96 .013
Milk Yield =25kg/day .81 .32 2.24 1.2-4.2 012
Dystocia 1.07 .28 292 1.68-5.08 0.001
Retained placenta 1.10 .34 3.1 1.6-6.03 .001
Metritis -392 733 .68 0.16-2.9 .59
Abomasal displacement (LDA) 3.62 614 375 11.25-124.97 0.000
Mastitis 128 .28 114 0.66-1.97 0.647
Lameness 479 392 1.62 0.75-3.5 0.222
B: Regression coefficient; SE: Standard error; OR: Odds ratio; 95% Cl: Confidence interval; P: P value
Table 4: Multivariate logistic regression model for animal level risk factors associated with ketosis
Variable B S.E. OR Lgfv'eo:"’ug;’er P
Parity=4 .553 269 174 1.025-2.95 .040
Calving in the winter season .546 262 1.73 1.033-2.89 .037
Dry period length >65 days .629 27 1.88 11-318 .020
BCS>3.5 707 274 2.03 1.19-3.47 .010
Milk Yield=25L/day 712 334 2.04 1.06-3.92 .033
Dystocia 116 304 318 1.75-5.77 .000
Retained Placenta 1.05 .382 2.85 1.35-6.03 .006
LDA 3.27 6671 26.28 7.20-95.90 .000
Constant -4.241 .866 - - .000

B: Regression coefficient; SE: Standard error; OR: Odds ratio; 95% Cl: Confidence interval; P: P value

with good specificity for the detection of ketones in milk is
used, but it has a low sensitivity (50.7%) at a cut-off point
of 200 umol/L (47). A Study on accuracy of PortaBHB milk
strip cow-side test for diagnosis of hyperketonemia sug-
gested that this cow-side test has good accuracy (28). The
prevalence of subclinical ketosis has been found to be rela-
tively high using different diagnostic techniques to assess
BHB concentrations. However, this may be due to the ac-
curacy of various diagnostic thresholds for SCK detection
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(48). Commercial automatic devices have become widely
available for practical measurements of blood BHB con-
centrations and SCK diagnosis in dairy cows to predict out-
comes with reasonable accuracy (49). Likewise, according
to a recent meta-analytical study, the handheld glucometer
has the greatest sensitivity and specificity (94.8 and 97.5%,
respectively), and milk BHB TSs have low Se (39.7%) (48).
Some BHB-detecting devices also had low sensitivity and
specificity, which could be responsible for false negative or



Table 5: Classification of cattle herds as ketotic or non-ketotic in respect to different exposure factors

. tve -ve 95.0% C.I. .
Risk Factor Category (n =16) (n=21) OR Lower-Upper P
Small<100 6 13
Herd size (lactating cows) 27 0.70-10.3 0.146
Large=100 10 8
A ; | Sufficient (= 12 kg TMR) 5 15
mount of prepartum tota 55 1332273 0.019
mixed ration /day (TMR) )
Insufficient (< 12 kg TMR) 1 6
| ) ” | Yes 6 15
Supplementation o propylene 41 1.042-16.66 0.044
glycol (200 gm/cow daily
No 10 6
*P-values are for comparisons of data for each factor evaluated
Table 6: Final logistic regression model for positive risk factors associated with ketosis in cattle on herd level
Variable B S.E. OR 95.0% C.I. p
Lower-Upper
Insufficient prepartum TMR 1.84 0.795 6.291 1.32-29.85 .021
Lactation supplementation with 1582 0797 4864 1022319 047
glucose precursors
Constant -1.88 0.720 0.153 .009

B: Regression coefficient; SE: Standard error; OR: Odds ratio; 95% Cl: Confidence interval; P: P value

false positive rates in subclinical ketosis diagnosis (50, 57)
FTIR spectroscopy for routine milk BHB analysis measuring
in early lactation has been used (52). Though, FTIR thresh-
old differences can affect various sensitivity and specificity
and influencing the diagnostic accuracy (53).

On the cow level, the final logistic regression model re-
vealed a significant association between ketosis and cows
of parity =4. This finding is consistent with that reported by
Vanholder et al. (26), who concluded that cows of parity = 3
were at a higher risk of ketosis (2.8 times) than heifers. The
increased likelihood of ketosis with increased parity has
been attributed to a significant depletion of energy reserves
in multiparous cows compared with primiparous ones (21).

Regarding the dry period, the significant association be-
tween ketosis and cows with a long dry period in the pres-
ent study may be attributed a greater BCS during parturition
and higher lipid mobilization at the start of lactation in cows
at risk (54). It has been concluded that A 4-wk DP improved
metabolic status, as reflected by lower plasma NEFA con-
centration in early lactation compared with an 8-wk dry
period (55). However, the increased risk of ketosis in high
milk-yielding cows described in this study may be explained
by greater energy requirements and inadequate dry matter
intake (DMI) to meet metabolic lactation demands, result-
ing in NEB and hyperketonemia (56). In addition, Roche (57)
stated that inadequate nutritional management of the cow
in the dry period and after calving has a significant negative

impact on subsequent conception rate, services per con-
ception and interval from calving to conception.

In respect to the BCS, there was a significant association
between ketosis and BCS >3.5. Similar finding has been
presented by Garzén-Audor et al. (58), who reported that
the relative risk of ketosis in cows with BCS more than 3.5
was 3.3 times greater than in cows with BCS less than 3.
The association between increased BCS and ketosis has
been attributed to the reduction in DMI that occurs around
calving in obese cows and increased insulin resistance (59,
60). Several studies highlighted the association between
BCS and milk yield, metabolic disorders, and reproductive
performance in dairy cows (61-63).

The significant association between ketosis and calving in
the winter season reported in this study is consistent with
the results of Asrat et al. (64), who observed an increase in
the prevalence of ketosis in winter in Ethiopia. In addition,
it has been reported that cows with parturition during the
hottest seasons had a lower risk of ketosis (8). Whereas,
Ha, Seungmin et al 2023 (65) found that cows who calved
in the summer had a greater risk of ketosis, which might
be related to the increased warmth and humidity in Korea.
The seasonality of ketosis may be related to several factors,
including ambient temperature, forage quality, and pasture
availability (66)
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Regarding calving related-events, the identification of dys-
tocia as a risk factor for ketosis in this study is in contrast to
Berge and Vertenten (21), who did not find an increased risk
of ketosis after dystocia and is similar to Duffield et al. (67),
who linked ketosis to loss of appetite caused by dystocia-
related traumatic pain. The association between ketosis
and retained placenta identified in this study contradicts
Vanholder et al. (26), who did not record an association
between ketosis and retained placenta, and agrees with
Garzén-Audor and Oliver-Espinosa (58) who attributed that
to the reduction in DMI. This is also consistent with (68),
who reported that daily feed intake in the cows with the RP
decreased on average by 0.8 kg/day on average.

Several postpartum conditions have been identified as po-
tential risk factors for ketosis (8, 69). The significant asso-
ciation between displaced abomasum and ketosis reported
in this study is consistent with the findings of Suthar et. al.
(70). Cows with a displaced abomasum developed ketosis
as a result of a negative energy balance due to their de-
creased appetite (71). In this study, metritis, clinical masti-
tis, and lameness were not identified as risk factors for ke-
tosis. These findings contrast with those reported by Vince
et al. (72), Steeneveld et al. (56), and Berge and Vertenten
(21) who reported an association between ketosis and en-
dometritis, mastitis, and lameness, respectively, and agree
with (58) where they reported no association between ke-
tosis and clinical mastitis, and (73) who concluded that
there was no clear association between lameness and the
development of severe NEB, even though lameness has
previously been shown to affect feeding behavior with di-
minished feeding time and lower DMI (74).

On the herd level, fed on an insufficient prepartum total
mixed ration and insufficient supplementation with glu-
cose precursors were the main risk factors. This associa-
tion could be explained by enhanced lipolysis of deposited
fat and the release of NEFA into the circulation (75). An in-
creased NEFA concentration in the blood results in the ac-
cumulation of triglycerides in the liver and a considerable
rise in ketonic compound synthesis (76).

In the present study, supplementation with propylene glycol
has been found to reduce the prevalence of ketosis. It has
been postulated that glucose precursors promote glucose
metabolism and reduce lipolysis during the periparturient
period (77). McArt et al. (78) find positive effects of bolus
administrations of propylene glycol on resolution and fur-
ther outcomes of hyperketonemia. Similarly, the incidence
of subclinical ketosis was reduced with improvement of
reproductive performance has been recorded after long
period supplementation with propylene glycol and glycerol
(27). In a study carried out by Lomander et al. (79), it has
been found that feeding of dairy cows on concentrates
supplemented with 450 gm of glycerol did not affect on
BHBA concentration in early-lactation. On the contrary,
Hoedemaker et al. (80)stated that despite improvement of
metabolic indicators after peripartal supplementation with
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concentrate enriched at 10% propylene glycol to cows, milk
production, animal health, and fertility were not influenced.

The limitations of the present study should be recognized.
First, this study included farms related to governorates of
Delta region of River Nile (Lower Egypt). Because most of
well-constructed dairy farms are found in such localities,
the study was performed here. However, further studies
need to be done to include other localities of Upper Egypt.
Second, the present study was conducted on large scale
farms, which doesn't provide concrete conclusion about
smallholder farms in Egypt. But, because it is difficult to
count and to have owners’ consent in small-holder farms,
we conducted our study in large dairy farms. Moreover,
PortaBHB milk strip cow-side test may be more suitable
for large scale farms than smallholders. Third, the use of
PortaBHB, a semi-quantitative cow side milk strip test only,
without use of BHBA test kits, standard test for diagnosis
of ketosis. However, PortaBHB milk ketone test, has been
reported to be a simple, non-invasive, and quick field test
with good specificity for the detection of ketosis in milk
(47). Interestingly, a Study on accuracy of PortaBHB milk
strip cow-side test for diagnosis of hyperketonemia sug-
gested that this cow-side test has good accuracy, and that
there is no benefit of collecting a composite milk sample
compared to sampling a single quarter (28). Consequently,
the on farm application of this milk strip may be helpful to
distinguish cows with hyperketonemia, or to measure herd-
level incidence of hyperketonemia (81). Fourth, there was
a variation in the management strategies and feeding pro-
grams for transition cows organized and performed by the
farms’ personnel, veterinarians, and nutrition consultants.
Therefore, concrete conclusions about the prevalence of
hyperketonemia may be influenced. Fifth, we mentioned
only the frequency of cows with hyperketonemia during the
first 42 post calving only. Definite association between DIM
and incidence of hyperketonemia has been presented (37,
82). But in our study, we obtained snapshot about the hy-
perketonemia lactating cows.

Conclusions

The results of the present investigation indicate consider-
able variation in the prevalence of ketosis in dairy herds in
Egypt. Factors associated with ketosis could help to iden-
tify cows at risk and to improve management strategies to
limit their effects.
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Razsirjenost in potencialni dejavniki tveganja, povezani s ketozo na
mlecnih kmetijah v Egiptu

M. Marzok, S. El-khodery, H. Babiker, G. G. Afifi, A. M. Abdelaal, K. N. Venugopala, M. Kandeel, M. Elgioushy

IzvleCek: Ketoza je z energijo povezana presnovna bolezen, ki se pojavlja predvsem v zgodnjem obdobju laktacije
pri kravah molznicah. Ketoza negativno vpliva na proizvodnjo, zdravje Zivali in reprodukcijo. V tej Studiji smo dolocali
razSirjenost in dejavnike tveganja, povezane s ketozo pri mlecnem govedu v zgodnji laktaciji v Egiptu. Na ketozo je bilo
pregledanih 1179 krav molznic iz 37 mle¢nih farm z uporabo semikvantitativnega testa na mle¢nem traku. Sestavili smo
vprasalnik, ki je vklju¢eval domnevne dejavnike tveganja. Dejavnike tveganja smo ocenili na ravni krave in ¢rede z upora-
bo logisti¢nega regresijskega modela. Ugotovitve so pokazale, da je bila razsirjenost ketoze 6,35 % (75/1179 primerov).
Na ravni krave je kon¢ni logisti¢ni regresijski model pokazal pomembno povezavo med ketozo in pariteto = 4 (P= 0,040,
OR: 1,74, Cl1 95 %: 1,025-2,95), kravami z dolzino susnega obdobja = 65 dni (P=0,02, OR: 1,88, Cl 95 %: 1,1-3,18), sezono
telitve (P=0,037, OR: 1,73, Cl 95 %: 1,03-2. 89), BCS>3,5 (P= 0,010, OR: 2,03, Cl 95 %: 1,19-3,47), mle¢nostjo >25L /dan (P=
0,033, OR 2,04, Cl 95 %: 1,06-3,92), distociji (P< 0,001; OR: 3. 18, Cl 95 %: 1,75-5,77), zadrZani posteljici (P= 0,006, OR:
2,85, Cl 95 %: 1,35-6,032) in dislokacijo siris¢nika (P< 0,001, OR: 26,28; Cl 95 %: 7,20-95,90). Na ravni ¢rede smo ugotovili
povezavo med ketozo in nezadostnim krmljenjem s skupnim mesanim obrokom pred porodom (P= 0. 021, OR: 6,29, Cl
95 %: 1,325-29,86), v ¢redah s pomanjkljivo laktacijo pa z dodatkom propilenglikola (P= 0,047, OR: 4,86, Cl 95 %: 1,020-
23,19). Zaklju¢imo lahko, da je ketoza obstojeca tezava na mle¢nih kmetijah v Egiptu, zato lahko opredelitev dejavnikov
tveganja predstavlja uporaben pristop za prepreCevanje in nadzor teh presnovnih tezav.

Kljucne besede: krava molznica; ketoza; dejavniki tveganja; BHBA

214 | Slovenian Veterinary Research 2024 | Vol 61 No 3



Slov Vet Res

DOI10.26873/SVR-1823-2024
UDC 543.442:582.23:616-091.8:636.8.09:616.24
Pages: 215—9

Case Report

Primary Pulmonary Mycobacteriosis in a Cat:
Immunohistochemical and Histopathological

Evaluation

Key words

feline mycobacteriosis;
immunohistochemistry;
histopathology;
pulmonary

Osman Dagar*, Mehmet Burak Ates, Mustafa Ortatatli, Ertan Orug
Department of Pathology, Faculty of Veterinary Medicine, Selguk University, Konya, Turkey

*Corresponding author: osmndgr20@gmail.com

Abstract: In this case report, primary pulmonary mycobacteriosis in a domestic cat
was assessed using histopathological and immunohistochemical methods. The cat
was admitted to a private veterinary clinic and presented with hyporexia, lethargy, and
dyspnea with an abdominal component. For diagnostic purposes, thorax radiography
was performed. Radiographic lung imaging showed the presence of opaque foci that
were widely distributed throughout the lung. The cat's condition gradually deteriorated,
and the cat died 2 hours after being brought to the clinic. Following owner consent,
gross post-mortem examination was performed immediately after death at the same
clinic. White foci measuring 2-10 mm in diameter covered the surface of the lungs and
were present throughout the parenchyma, mostly multifocally and occasionally coalesc-
ing. No other macroscopical pathological findings were observed in other organs or on
the skin. Some of the lung tissue with macroscopic lesions underwent further histo-
pathological and immunohistochemical examination. Multifocal to coalescing areas of
caseous necrosis (without a fibrous capsule) with, karyorrhectic nuclei, and numerous
macrophages were observed. Ziehl-Neelsen staining revealed many acid-fast bacteria.
Immunohistochemical staining revealed positive immunostaining for Mycobacterium
spp. This case study highlights the importance of considering zoonotic risks in cats
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diagnosed with primary pulmonary mycobacteriosis.

Introduction

Mycobacteria are nonsporulating, acid-fast, weakly Gram-
positive, and straight to slightly curved bacilli that measure
0.3-0.6 ym in width and 1-4 pm in length (1-4). They are
associated with local and disseminated infections in a range
of host species (1-4) and include the Mycobacterium avium
and Mycobacterium tuberculosis complexes as well as many
other nontuberculous species. The M. tuberculosis complex
includes M. tuberculosis, M. bovis, and M. microti (1, 4, 5).

Mycobacteria are phagocytosed by macrophages after
entering the body through the alimentary tract, lungs, and
skin. In the event of an insufficient cell-mediated immune
response, they can persist and replicate within phagocytes
by inhibiting phagosome-lysosome fusion, among other de-
fence mechanisms. Mycobacteria cause some of the most
difficult and significant infections in the world due to these
defence mechanisms (6, 7).

Granulomatous inflammation occurs not only in cases of
tuberculosis but also in other mycobacterial infections (8).
Mycobacteriosis is usually characterized by a proliferative le-
sion type, in contrast to the rarely observed exudative lesion
type (9). Exudative lesions, in which neutrophils are the major
cell type, are both triggered by and induce high local bacillary
load and tend to enlarge and progress toward liquefaction
and cavitation. By contrast, proliferative lesions are triggered
by low bacillary loads, mainly comprise epithelioid cells and
fibroblasts, and tend to fibrose, encapsulate, and calcify (10).

Infected cats typically present with localised cutaneous dis-
ease with possible local lymph node involvement, which may
become systemic, but can also present with primary gas-
trointestinal or respiratory disease as well as other primary
disorders (11-16). Pulmonary involvement most likely arises
via haematogenous spread from distant sites to the lungs,
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Figure 1: Radiographic and macroscopic findings. A: Lateral thoracic radiograph showing the presence of opaque foci that were widely distributed
throughout the lungs. B: Medium-soft white foci measuring 2-10 mm in diameter (arrowheads) covered the surface of the lung and were present
throughout the parenchyma, either multifocally or coalescing over larger extensive areas (arrow)

and pulmonary lesions are typically interstitial and extensive,
causing dyspnoea and rarely progressing to coughing (4, 17).

Mycobacterial infections are recognised as a global health
concern, both for humans and animals (18-20). One species
known to be infected by a range of different mycobacteria
is the domestic cat (12). Mycobacterial disease in domestic
cats can cause many different syndromes, including tuber-
culosis, feline leprosy, and nontuberculous mycobacteriosis
caused by nontuberculous mycobacteria (4, 21-24). A study
in Great Britain included 339 cases of mycobacterial diseas-
es in cats, from which the following bacteria were cultured:
M. microti (19%), M. bovis (15%), M. avium (7%), and non-
M. avium nontuberculous mycobacteria (6%); no bacterial
growth in culture occurred in 53% of the cases (12). Different
species cause feline mycobacterial infections, including M.
avium, M. tuberculosis, M. bovis, and M. microti, of which the
latter two are the most important (25, 26).

This report describes a case of primary pulmonary feline
mycobacteriosis using histopathological and immunohis-
tochemical techniques. Furthermore, this report aims to at-
tract the attention of veterinarians and cat owners regarding
this disease with zoonotic potential in terms of public health.

Case presentation

A 2-year-old, neutered, female, domestic shorthair Mackerel
tabby cat was presented to a private veterinary clinic with
reported hyporexia, lethargy, and dyspnea with an abdomi-
nal component. According to the anamnesis, the cat had
no previous chronic disease or outdoor access, and there
was no other cat in the house. For diagnostic purposes, tho-
racic radiography was performed. Multifocal ill-defined and
sometimes confluent lesions with soft tissue opacity were
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widely distributed throughout the lung parenchyma (Figure
1A). While the cat was being treated for respiratory problems,
its condition gradually deteriorated, and it died 2 hours after
being brought to the clinic. Following owner consent, gross
post-mortem examination was performed immediately after
death at the same private veterinary clinic. Macroscopic ex-
amination revealed firm white foci measuring 2-10 mm in di-
ameter on the surface of the lung and throughout the paren-
chyma, which occasionally coalesced over larger extensive
areas (Figure 1B). The trachea lumen was filled with a foamy
serous liquid. No gross pathological findings were observed
in other organs or skin. After identifying macroscopic lesions
inthe lung, a sample of the fresh lung tissue was submitted to
the Department of Pathology, Faculty of Veterinary Medicine,
Selguk University, for further histopathological examination.

Five samples of the lesioned lung tissue were fixed in 10%
neutral buffered formaldehyde solution. After routine histo-
pathological tissue processing, tissues were embedded in
paraffin and cut into 5-um-thick sections. These sections
underwent haematoxylin and eosin and Ziehl-Neelsen stain-
ing (27) and immunohistochemical staining with an anti-M.
tuberculosis antibody (1:100, Abcam, ab214721) in a stain-
ing device (Leica, Bondmax) using the BondTM polymer
refine detection system (Leica DS9800) according to a pre-
viously reported method (28). Sections treated with phos-
phate buffer saline instead of primary antibodies served as
negative controls. Slides were examined by light microscopy
(Olympus BX51, Tokyo, Japan) and photographed (Olympus
EP50, Tokyo, Japan).

Multifocal to coalescing nodular areas consisting of case-
ous necrosis with karyorrhectic nuclei were widely observed
in the lung. Around the necrotic areas, no fibrous capsules
were observed but many lymphohistiocytic cell infiltrations
and alveolar oedema were seen (Figure 2A). Mineralisation
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Figure 2: Histopathological and immunohistochemical findings of the lungs. A: Multifocal and coalescing nodular areas consisting of caseous necrosis
without fibrous capsules (asterisk) and oedemas (arrows). Haematoxylin-Eosin staining; scale bar: 200 um. B: High magnification of nodular lesion:
caseous necrosis (asterisk), mineralisation (arrowheads), and lymphohistiocytic cell infiltration. Haematoxylin-Eosin staining; scale bar: 50 ym. C:
Necrotic areas (asterisk) and numerous macrophages (arrows) around the vessel and necrotic vasculitis. Haematoxylin-Eosin staining; scale bar: 100

um. D: Acid-fast bacteria in areas of caseous necrosis. Ziehl-Neelsen staining; scale bar: 20 um. E: Positive immunostaining for Mycobacterium spp. in
areas of caseous necrosis. IHC; scale bar: 100 um. F: High magnification of Mycobacterium spp. immunostaining. IHC; scale bar: 20 ypm
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was observed in the areas of caseous necrosis (Figure 2B).
Around the vessel, similar necrotic areas and necrotic vas-
culitis were observed (Figure 2C). Local haemorrhagic areas
were also identified. Although there were very few epithelioid
macrophages, no giant cell types were found. In the areas
of caseous necrosis and in the cytoplasm of macrophages,
Ziehl-Neelsen staining revealed numerous acid-fast bacilli
(Figure 2D), and anti-M. tuberculosis immunostaining was
positive (Figure 2E, F).

Discussion

This case report presents primary pulmonary mycobacterio-
sis in a domestic cat diagnosed using histopathological and
immunohistochemical techniques. Radiography can detect
pulmonary involvement in many cases of mycobacteriosis;
however, the radiographic appearance of lesions is vari-
able and nonspecific. In feline mycobacteriosis, pulmonary
involvement is commonly interstitial, but may progress to
bronchial changes in chronic cases (17). In the current case,
diffuse interstitial changes were observed.

Mycobacterial lesions in carnivores differ from those in other
species. Typical tuberculous granulomas are not as com-
mon, and when they occur, caseous necrosis is not a promi-
nent gross feature. More often there is nonspecific granula-
tion tissue in which macrophages are scattered at random,
and giant cells are rare or absent (29). Necrosis associated
with feline mycobacteriosis is called caseous necrosis and
is defined as areas where cellular and structural details are
lost due to the accumulation of eosinophilic and basophilic
(karyorrhectic) residues (30). In the current case, mycobac-
terial lesions displayed caseous necrosis, in which karyor-
rhectic nuclei were observed, whereas giant cells were not.
Few epithelioid macrophages and no evidence of a fibrous
capsule were observed, which suggests a more acute infec-
tion. Macroscopic lesions were only observed in the lungs,
which indicates that the route of infection was via inhalation
of infectious particles.

The current case was of a domestic cat without access to
the outdoors or other animals, indicating the possibility of
human-to-animal transmission. Mycobacterial diseases are
considered both zooanthroponotic and zoonotic (317). If an
immunocompromised individual has an active untreated
mycobacterial infection, there is a potential risk of transmis-
sion to others, including cats (32). There is a theoretical risk
of transmission of infection from cats to humans via infec-
tious aerosols. However, if the cat has untreated productive
respiratory disease, the greatest risk to humans is exposure
to infectious fluids (33). In the current case, the presence
of respiratory tract symptoms increased the zoonotic risk.
In terms of public health, cats infected with mycobacteria
should be examined, and necessary measures should be
taken.
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Conclusions

This study characterized the radiographic, pathological, and
immunohistochemical appearance of primary pulmonary
mycobacteriosis lesions in a cat. The purpose of this case
report was to draw attention to feline mycobacteriosis, which
is under-reported but increasingly recognised. Suspected or
infected cats with respiratory symptoms should be exam-
ined on a regular basis because they can pose a zoonotic
risk to cat owners, children, and veterinarians.
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Primarna plju¢na mikobakterioza pri macki: imunohistokemicna in
histopatoloska ocena

Osman Dagar, Mehmet Burak Ates, Mustafa Ortatatli, Ertan Orug

Izvle€ek: V tem poroCilu o primeru je bila ocenjena primarna plju¢na mikobakterioza pri domaci macki z uporabo
histopatoloskih in imunohistokemicnih metod. Macka je bila sprejeta v zasebno veterinarsko kliniko zaradi simptomov
hiporeksije, letargije in dispneje z abdominalno komponento. Za diagnosticne namene je bila opravljena rentgenska
preiskava prsnega koSa, ki je pokazala prisotnost motnih zaris¢, Siroko razporejenih po pljucih. Stanje macke se je posto-
poma slabsalo, umrla je dve uri po prihodu v kliniko. Po privolitvi lastnika je bila takoj po smrti opravljena raztelesba. Bela
Zaris¢a, premera od 2 do 10 mm, so prekrivala povrsino pljuc. Prisotna so bila po celotnem parenhimu vec¢inoma multi-
fokalno in mestoma zlivajoc¢e. V drugih organih in na kozi ni bilo opaznih drugih makroskopskih patoloskih sprememb.
Nekatere dele pljucnega tkiva z makroskopskimi spremembami smo dodatno histopatolosko in imunohistokemi¢no
pregledali. Opazili smo multifokalna do zlivajoca se obmodja kazeozne nekroze (brez fibrozne kapsule) s karioznimi jedri
in Stevilnimi makrofagi. Ziehl-Neelsenovo barvanje je razkrilo $tevilne acidofilne bakterije. Imunohistokemi¢no barvanje
je pokazalo pozitivno imunobarvanje za Mycobacterium spp. To porocilo o primeru poudarja pomen upoStevanja zoo-
notskih tveganj pri mackah z diagnozo primarne plju¢ne mikobakterioze.

Kljucne besede: mikobakterioza mack; imunohistokemija; histopatologija; pluca
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