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Dear Participants of the FeMeSPRum Congress,

Welcome to the 26th Congress of the Mediterranean Federation for Health and Production of Ruminants (FeMeSPRum). It is an
honor to gather with you esteemed veterinarians and animal scientists dedicated to advancing the health and productivity of
ruminants in the Mediterranean region.

This year's Congress is in the beautiful city of Novi Sad, Serbia. Nestled on the banks of the Danube River, Novi Sad is renowned for
its vibrant culture, rich history, and stunning architecture. Known as the "Serbian Athens,” it is home to the majestic Petrovaradin
Fortress, numerous museums, galleries, and the lively Danube Park. As the European Capital of Culture for 2022, Novi Sad offers a
perfect blend of tradition and modernity, providing a picturesque and inspiring backdrop for our meeting,

This year's Congress will focus on critical topics that directly impact the health, production, and welfare of the animals we care for.
Topics include Biosecurity and heat stress on ruminant farms, Parasite control in ruminants, and Clinical pathology and healthcare
of ruminants. These scientific sessions will provide cutting-edge insights and innovative solutions, besides fostering collaboration and
the exchange of expertise among leading professionals from the region.

The Mediterrancan region has a unique climate, geography, and agricultural practices that present specific challenges and
opportunities for ruminant health and production. Advancing the health of domestic ruminants in this region is crucial for ensuring
sustainable agriculture, enhancing food security, and supporting the livelihoods of countless farmers and communities. Your work
and dedication play a vital role in addressing these challenges and promoting the well-being of domestic ruminant populations.

The Mediterranean Federation for Health and Production of Ruminants (FeMeSPRum) is an organization with immense potential.
Its core idea is to serve as a medium for fruitful collaboration among stakeholders in ruminant production. This platform is not only
for exchanging information and good practices but also aims to provide a consortium that can cooperate in writing international
project proposals and succeed in international project calls. By working together, we can be more innovative and have an impact in
our field With this in mind, I am sure this Congress will boost this idea and strengthen our Federation.

All this would not be possible without the dedicated organizing committee and especially Prof. Dr. Marko Cincovié, president of the
organizing committee, who have done their best to prepare everything for a smooth congress. Your hard work and dedication are
deeply appreciated. Additionally, thank you to all our sponsors, whose generous support has made this event possible.

Your participation and contributions to the Congress are not only crucial to the success of this Congress but also to the existence of
the Federation. Together, we will explore new strategies, share best practices, and pave the way for significant advancements in
ruminant health and production.

Thank you for being here, and I look forward to a productive and inspiring congress in the charming city of Novi Sad.

With best wishes,

Prof. Dr. Joze Staric
President of the Mediterranean Federation for Health and Production of Ruminants (FeMeSPRum)

Drage koleginice i kolege,
Mediteranska federacija za zdravlje i proizvodnju prezivara (FeMeSPRum) je medunarodno udrugenje koje okuplja razlicite
profesionalce iz akademske i istragivacke sfere (najcescée veterinare, ali i agronome, inZenjere animalne proizvodnje i dr.) koji su
posveéeni brizi o pregivarama, proucavanju i prevenciji bolesti ovih Zivotinja, kao i povecanju i poboljaju njihove proizvodnje (meso,
mleko, vuna, itd), dobrobiti i svega onoga Sto ¢e uticati na dobijanje kvalitetnog i zdravstveno bezbednog proizvoda za krajnjeg
potrosaca. FeMeSPRum promovise organizovanje obuka, diskusija, seminara i konvencija, sa definisanom periodicnoscu, i podriava
sva deSavanja koja doprinose unapredenju ovog sektora i saradnji izmedu zemalja clanica, a njeni direktni korisnici su strucna lica
iz oblasti veterinarske medicine ali i drugih srodnih oblasti. Kao Sto mu ime govori, sfera uticaja se proteZe na nekoliko zemalja
mediteranskog regiona, ukljuéujuc'i Italiju, §pan1’ju, Grcku, Tursku, Sloveniju, Hrvatsku, Siriju, Egipat, Tunis, Maroko. lako nagiv
federacije ukazuje na njenu geografsku pripadnost, u eri globalne razmene i unapredenog transfera znanja i pomeranja klimatskih
pojaseva, FeMeSPRum je prosirio svoje delovanje i na zemlje u okrugenju, a posebno znacajna zemlja za ovu organizaciju je Srbija. U
Srbiji smo 2011.godine imali kongres u Beogradu, a ove 2024.godine kongres se odrZava u Novom Sadu koji, na nase zadovoljstvo,
organizujemo zdajedno sa dve partnerske respektabilne ustanove i to su Departman za veterinarsku medicinu Novi Sad i Udruzenje
veterinara prakticara Srbije.
Dobro dosli!
Prof. dr JoZe Staric
Predsednik Mediteranske federacije za zdravlje i produkciju pregivara (FeMeSPRum)

I11



Publisher: Faculty of Agriculture Novi Sad — Department of Veterinary medicine,
University of Novi Sad, Trg Dositeja Obradovic¢a 8, 21000 Novi Sad
Izdavac: Poljoprivredni fakultet Novi Sad — Departman za veterinarsku medicinu,
Univerzitet u Novom Sadu, Trg Dositeja Obradovica 8, 21000 Novi Sad

PROCEEDINGS 26™ INTERNATIONAL CONGRESS OF THE MEDITERRANEAN
FEDERATION FOR HEALTH AND PRODUCTION OF RUMINANTS
FeMeSPRum Novi Sad (Serbia), 20™ — 23" June, 2024

ZBORNIK RADOVA 26. MEDUNARODNI KONGRES MEDITERANSKE
FEDERACIJE ZA ZDRAVLJE I PRODUKCIJU PREZIVARA
FeMeSPRum Novi Sad (Srbija), 20. — 23.jun 2024.godine

Editors-in-Chief of proceedings / Glavni i odgovorni urednici zbornika:
Prof.dr Joze Stari¢, Prof.dr Marko Cincovi¢

d https://doi.org/10.5937/FeMeSPRumNS24

VETERINARY REVIEW / VETERINARSKI PREGLED

Editor-in-Chief of journal/Glavni i odgovorni urednik ¢asopisa: Prof. dr Aleksandar Potkonjak
Deputy Editors/Zamenici urednika: Prof. dr Ivan Stanci¢ i Prof. dr Mihajlo Erdeljan
Techinal Editors /Tehnicki urednici: Doc. dr Zoran Ruzi¢ i Doc. dr Ivan Gali¢
Secretary/Sekretar: Dr vet. Tijana Kukuri¢, asist.

Editorial Board / Uredivacki odbor:

Prof. dr Dragica Stojanovi¢, Srbija; Prof. dr Romana Turk, Hrvatska; Prof. dr Miodrag Radinovi¢
Srbija; Prof. dr Bojan Toholj, Srbija; Prof. dr Marko Cincovié, Srbija; Prof. dr Nikolina Novakov,
Srbija; Prof. dr Joze Stari¢, Slovenija; Prof. dr Ramiz Cutuk, BiH; Prof. dr Radojica Bokovié, Srbija;
Doc. dr Jozica Jezek, Slovenija; Prof. dr Ozren Smolec, Hrvatska; Prof. dr Zdenko Kanacki, Srbija;
Prof. dr Romeo Teodor Cristina, Rumunija; Prof. dr Bojan Blagojevi¢, Srbija; Prof. dr Plamen
Trojacanec, Severna Makedonija; Prof. dr Slavca Hristov, Srbija; Prof. dr Senad Prasovi¢, BiH;
Prof. dr Nenad Stojanac, Srbija; Prof. dr Ognjen Stevancevi¢, Srbija; Doc.dr Bojana Blagojevi¢, Srbija

President of the Publishing Council /Predsednik izdavackog saveta:
Prof. dr Nedeljko Tica, dekan Poljoprivrednog fakulteta, dean of Faculty of Agriculture

Publishing council /Izdavacki savet:
Prof. dr Nada Plavsa, Prof. dr Ljubica Spasojevié¢, Kosi¢ Prof. dr Vesna Lalosevic,
Prof. dr Slobodan Stojanovi¢, Prof. dr Ivana Davidov, Prof. dr Bozidar Savic,
Prof. dr Zorana Kovacevi¢, Prof. dr Marija Paji¢, Prof. dr Stanislav Simin, Doc. dr Jovan Spasojevic,
Doc. dr Annamaria Galfi Vukomanovié, Doc. dr Ljiljana Kuruca, Doc. dr Vuk Vracar

Predmet &asopisa: Casopis objavljuje nauéne i struéne radove iz oblasti veterinarske medicine i srodnih disciplina.
Jezik radova: Srpski (sa engleskim apstraktom) ili Engleski (sa srpskim sazetkom) po Zelji autora.
Periodi¢nost: Jedna sveska godisnje
Vrste radova: Originalni radovi, Pregledni radovi, Meta-analize, Radovi iz istorije veterinarske medicine, Radovi iz oblasti veterinarskog
obrazovanja, Prikaz slucaja, Prikaz tehnickih reSenja, Prikazi knjiga, Naucna kritika, Pisma urednistvu, Izvestaji sa seminara i drugih strucnih
dogadaja. Format: Casopis izlazi u §tampanoj/elektronskoj formi i biée publikovan na sajtu Departmana za veterinarsku medicinu

Prijava radova na mejl: vetpregled@gmail.com

Subject of the Journal: The Journal publishes scientific and professional papers in the field of veterinary medicine and related disciplines.
Language: Serbian (with English abstract) or English (with Serbian abstract).
Periodicity: One No per year
Papers: original papers, review articles, meta — analysis, papers from the history of veterinary medicine, papers in the field of veterinary
education, case report, technical solutions, book, scientific polemic, letters to the Editor, reports from seminars and other professional events.
For m at: The journal is published in printed and electronic form and will be published on the website of the Department of Veterinary
Medicine.

Manuscript submission: vetpregled@gmail.com

I\Y



CONGRESS ORGANIZERS / ORGANIZATORI KONGRESA

Mediterranean Federation for Health and Production of Ruminants / Mediteranska federacija za

zdravlje 1 produkciju prezivara (FeMeSPRum)

Faculty of Agriculture Novi Sad — Department of Veterinary Medicine / Poljoprivredni fakultet Novi

Sad —Departman za veterinarsku medicinu

Associations of veterinary practitioners of Serbia / Udruzenje veterinara prakticara Srbije (UVPS)

COMMITTEES / ODBORI

Scientific committee/ Programski (nauc¢ni) odbor

Prof. Dr. Joze Stari¢, University of Ljubljana, Slovenia (president)
Doc. Dr. Jozica Jezek, University of Ljubljana, Slovenia

Prof. Dr. Vincenzo Carcangiu, University of Sassari, Italy

Prof. Dr. Vincenzo Cuteri, University of Camerino, Italy

Dr. Antonio Bosco, University of Naples Federico II, Italy

Dr. Joana Jacinto, Dip. ECBHM, University of Bern, Switzerland
Prof. Dr. Ramiro Jose Montana, University of Leon, Spain

Prof. Dr. Andre de Almeida, University of Lisbon, Portugal

Prof. Dr. Ozren Smolec, University of Zagreb, Croatia

Prof. Dr. Dimitar Nakov, University Goce Delcev, North Macedonia
Prof. Dr. Halil Sel¢uk Biricik, Afyon Kocatepe University, Turkiye
Prof. Dr. Dragica Stojanovié¢, University of Novi Sad, Serbia

Dr. Jasna Prodanov Radulovi¢, Scientific Veterinary institute Novi Sad, Serbia
Prof. Dr. Slav¢a Hristov, University of Beograd, Serbia

Prof. Dr. Branislav Stankovié¢, University of Beograd, Serbia

Doc. Dr. Ljiljana Andusi¢, University of Pristina, Serbia

Prof. Dr. Radojica Pokovi¢; University of Kragujevac, Serbia

Prof. Dr. Vladimir Kuréubi¢, University of Kragujevac, Serbia

Dr. Milos Petrovi¢, University of Kragujevac, Serbia

Organizing committee / Organizacioni odbor

Prof. dr Marko Cincovi¢ (president)
Prof. dr Ivan Stanci¢

Prof. dr Mihajlo Erdeljan

Prof. dr Bojan Toholj

Prof. dr Alekandar Potkonjak
Prof. dr Bozidar Savi¢

Prof. dr Ognjen Stevancevi¢
Prof. dr Nenad Stojanac

Prof. dr Miodrag Radinovi¢
Prof. dr Ivana Davidov

Prof. dr Zdenko Kanacki
Prof.dr Miroslav Urosevié

Dr Maja Dosenovi¢ Marinkovié¢
Dr Sinisa Grubac

Dr vet. med.spec. Bojan Blond (vice president)
Doc. dr Jovan Spasojevi¢

Doc. dr Mira Majki¢

Doc. dr Zoran Ruzi¢

Doc. dr Ivan Gali¢

Dr Sandra Nikoli¢

Asist. dr vet.med. Jovan Stanojevié
Dr vet.med. Milos Jovicié

Dr vet.med. Goran Pmura

Dr vet.med. Sasa Markovic¢

Dr vet.med. Vladimir Citakovié

Dr vet.med. Zoran KneZevié¢

Dr Biljana Deli¢ Vujanovic¢
Asist.MSc. Aleksandar Cuki¢



Honorary Board / Po¢asni odbor

Dr Jelena Begovié, Minister of Science, Technological development and Innovation, Serbia / Ministarka nauke,
tehnoloskog razvoja i inovacija Srbije

Prof.dr Branko Markoski, Provincial Secretary for Higher Education and Scientific Research, Vojvodina / Pokrajinski
sekretar za visoko obrazovanje i naucnoistrazivacku delatnost Vojvodine

Prof.dr Nedeljko Tica, Dean of Faculty of Agriculture Novi Sad / Dekan Poljoprivrednog fakulteta Novi Sad

Prof.dr Nenad Magazin, Vice dean of Faculty of Agriculture Novi Sad / Prodekan Poljoprivrednog fakulteta Novi Sad
Prof.dr Mirjana Duki¢ Stoj¢ic, Vice dean of Faculty of Agriculture Novi Sad / Prodekan Poljoprivrednog fakulteta
Novi Sad

Prof.dr Branko Cupina, Vice dean of Faculty of Agriculture Novi Sad / Prodekan Poljoprivrednog fakulteta Novi Sad
Dr vet.spec. MiSo KolareviC, President of veterinary chamber of Serbia / Predsednik Veterinarske komore Srbije

Dr vet med. Velibor KesiC, President of veterinary chamber of R.Srpska / Predsednik veterinarske komore R.Srpske
Dr vet.med SaSa BoSkovié¢, Direcor of Veterinary office of Bosnia and Hercegovina / Direktor Kancelarije za
veterinarstvo BiH

Dr vet.med. Ranko Savi¢, President of Veterinary chamber Montenegro / Predsednik Veterinarske komore Crne Gore

Dr vet.med. Zarko Mihajlovski, President of Veterinary chamber of North Macedonia / Predsednik Veterinarske
komore Severne Makedonije

Dr vet.med. Tomislav Nikolovski, Executive director of Veterinary chamber of North Macedonia / Izvrini direktor
Veterinarske komore Severne Makedonije

POKROVITELJI KONGRESA / SUPORTED BY

Ministry of Science, Technological development and Innovation / Ministarstvo nauke, tehnoloskog
razvoja i inovacija Republike Srbije

Provincial Secretariat for Higher Education and Scientific Research / Pokrajinski sekretarijat za visoko
obrazovanje i nauc¢noistrazivacku delatnost Vojvodine

Veterinary chamber of Serbia / Veterinarska komora Srbije

SPONSORS OF CONGRESS / SPONZORI KONGRESA

General sponsor / Generalni sponsor:
ProMedia

Sponsors — friends of UVPS / Sponzori — prijatelji UVPS:

Pro feed — 2013, Superlab, Ave&Vetmedic, Biochem Balkan, Zarvel, Velvet animal health, ProMedia,
Boehringer Ingelheim Serbia, Centralfarm, Dr Vet Group, Elanco, First-vet, HiraVet, Interagrar,
InterPet Vet, IQ Vet, M&J Trade, Patent Co., SVC ,,Velika Plana“, UBM feed, Unconditional,
Vestratek, Veterinarski zavod Subotica, VetMarket, VetPro, Effecta feed, West Chemie Vestal

Penybnuxa Cpduja

MHHHCTAPCTBO HAVKE, f
TEXHOMOIIKOD PAZBOJA H HHOBALHIA MOKPAJUHCKW CEKPETAPWIAT 3A BUCOKO OBPA3OBAHSE
W HAYYMHOMCTPAXKUBAYKY AENATHOCT

PEMY
AYT JHHA BOIBOAMHA

VI



26™ INTERNATIONAL CONGRESS OF THE MEDITERRANEAN FEDERATION FOR HEALTH AND
PRODUCTION OF RUMINANTS FeMeSPRum, Novi Sad (Serbia), 20" — 23" June, 2024
26. MEDUNARODNI KONGRES MEDITERANSKE FEDERACIJE ZA ZDRAVLJE | PRODUKCIJU
PREZIVARA FeMeSPRum, Novi Sad (Srbija), 20. — 23.jun 2024.godine
ISBN 978-86-7520-611-8

DOI 10.5937/FeMeSPRUmNS24022N Article
UDC 519.87 Originalni rad
MATHEMATICAL MODELING AND MACHINE LEARNING PREDICTION FOR
PREVALENCE DYNAMICS OF CLINICAL MASTITIS IN DAIRY HERDS
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PREVALENCIJE KLINICKOG MASTITISA U MLECNIM STADAMA
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ABSTRACT

Mastitis remains one of the major diseases in dairy herds, causing profound economic losses to the entire
milk production chain. The main aim of the study was an application of mathematical models and machine
learning algorithms for the prediction of mastitis transmission in the dairy cow population. Data used for
mathematical models and machine learning algorithms were obtained in a cross-sectional longitudinal survey
lasting for one year by analyzing data for clinical mastitis occurrence in three dairy herds. For data
prediction, simple SIR and SIRS mathematical models without vital dynamics and Weka software were
applied. The annual prevalence rate of clinical mastitis for the entire population of cows was 34.13% on the
cow level, 30.07% on the lactation level, while lactation incident risk was 45.86%. Most of the cows
manifested one (68.24%) or two (18.63%) cases of clinical mastitis during lactation. The SIR model revealed
that after a short time, the epidemic will disappear. From the explanation and the graphical presentations, it
can be concluded that the stable point DFE attracts the trajectories of the system. The mastitis on the farms is
calming down, and with these parametiers of the model, an epidemic cannot occur. With the use of the
decision table as one of the most used classification rules and cross-validation folds 10 we can best predict
mastitis occurrence in dairy farms. Implementation of a good mastitis prevention program in dairy herds by
increasing the rates of control parameters will reduce the mastitis pathogens transmission rates leading to a
reduction of mastitis incidence.

Key words: mastitis, dairy cows, SIR, SIRS, machine learning
SAZETAK

Mastitis je jedna od najznacajnijih bolesti u mleénim stadama, koji izaziva velike ekonomske gubitke u
celom lancu proizvodnje mleka. Osnovni cilj rada je bila primena matematickih modela i algoritama
masinskog ucenja za predvidanje prenosenja uzrocnika mastitisa u populaciji muznih krava. Podaci,
koriS¢eni za matematicke modele i algoritme masinskog ucenja, su dobijeni u longitudinalnom istrazivanju
poprecnog preseka u trajanju od godinu dana analizom podataka o klini¢koj pojavi mastitisa u tri mle¢na
stada. Za predvidanje podataka primenjeni su jednostavni SIR i SIRS matematicki modeli bez vitalne
dinamike i Veka softver. Godisnja stopa prevalencije klinickog mastitisa za celokupnu populaciju krava
iznosila je 34,13% na nivou krava, 30,07% na nivou laktacije, dok je rizik pojave u laktaciji iznosio 45,86%.
Vecina krava je u toku laktacije ispoljila jedan (68,24%) ili dva (18,63%) slucaja klinickog mastitisa. SIR
model je otkrio da ¢e nakon kratkog vremena epidemija mastitisa nestati. Iz objasnjenja i grafickih prikaza

VETERINARY REVIEW / VETERINARSKI PERGLED, Vol 5, No 1 193
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moze se zakljuciti da stabilna tacka DFE privlaci putanje sistema. Mastitis na farmama se smiruje, a sa ovim
parametrima modela ne moze doéi do epidemije. Primenom tabele odluka kao jednog od najcescée koriséenih
klasifikacionih pravila i preklopa za unakrsnu validaciju 10 moze se najbolje predvideti pojava mastitisa na
farmama mlecnih krava. Sprovodenje dobrog programa prevencije mastitisa u mle¢nim stadima povecanjem
stope kontrolnih parametara ¢e smanjiti stope prenosenja patogenih mikroorganizama uzro¢nika mastitisa,

Sto ¢e dovesti do smanjenja incidencije mastitisa.

Kljucne reci: mastitis, mle¢ne krave, SIR, SIRS, masinsko ucenje

1.INTRODUCTION

Mastitis continues to be a significant concern within
dairy herds, leading to considerable economic
ramifications throughout the milk production chain.
The dairy industry experiences substantial losses
primarily attributable to decreased milk production
and compromised milk quality (1,2). National
statistics from the leading milk-producing European
countries indicate that each year, 30 to 40% of dairy
cows exhibit clinical signs of mastitis during the
lactation period (3,4).

Mastitis is inflammation of the mammary gland that
more often strikes cows with high levels of milk
production, significantly impacting their milk yield
(1). This condition not only affects the immediate
productivity of dairy cows but also limits their
genetic potential for milk production. The severity
of milk yield reduction due to clinical mastitis (CM)
varies based on the cow's number of lactations and
the timing of the disease's onset during the lactation
period (5). The most substantial decreases in milk
production are typically seen when CM occurs early
in the lactation period (6), with affected cows
generally unable to achieve their expected milk
yield for the remainder of that lactation period.
However, cases of CM represent just a tip of the
total mastitis incidents. In fact, for every instance of
clinical mastitis, there are 20 to 40 times more cases
of subclinical mastitis (7). These subclinical cases
may either evolve into CM or linger unnoticed for
an extended duration. The emergence of mastitis
within dairy herds is the result of a complex
interaction between the cows, their environment,
and various pathogens. Risk factors for CM in dairy
operations are typically categorised into two main
groups: those related to individual cows and those
associated  with environmental conditions
(8,9,10,11).

The prevalence of udder pathogens responsible for
both subclinical and clinical mastitis exhibits
significant variation (12). Historically, primary

udder pathogens in dairy herds included
Streptococcus agalactiae and  Staphylococcus
aureus. However, with the adoption of modern
milking practices and the implementation of mastitis
control programs, the prevalence of these organisms
has notably declined across many contemporary
dairy farms. Presently, the common environmental
pathogens ~ encompass  Coagulase  Negative
Staphylococci  (CNS),  Streptococcus  uberis,
Streptococcus dysgalactiae, Klebsiella spp., and
Escherichia coli (13,14).

Research efforts focused on developing decision-
support tools for mastitis detection and management
in dairy herds are ongoing. Mathematical modelling
serves as a critical tool in comprehending and
addressing mastitis within these herds (15).
Additionally, understanding the pathways through
which mastitis pathogens are transmitted is essential
for making proper management decisions.

This paper discusses mathematical models framed
within the broader concept of the epidemic
structural equation models, focusing on SIR
(Susceptible, Infected, Recovered) and SIRS
(Susceptible, Infected, Recovered, Susceptible)
frameworks to analyze the binary value of mastitis
in dairy cows, making distinguish between healthy
cows and those afflicted with clinical mastitis.
These models intend to outline the causal, whether
simultaneous or sequential, relationships among
phenotypes, a common occurrence in various
biological systems. For instance, in dairy cattle, a
correlation exists where high milk production may
lead to an increased risk of mastitis, which, in turn,
negatively impacts milk yield.

In the realm of mathematical modelling, distinctions
are made between SIR and SIRS models that do not
incorporate vital dynamics (not considering rates of
newly involved heifers and culling dairy cows) and
those that do. This paper focuses on the application
of SIR and SIRS models that exclude vital
dynamics. These models categorize the population
into three primary groups: Susceptible (S), Infected
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(1), and Recovered (R), aiming to predict the
transmission dynamics of clinical mastitis within
dairy herds. Through the analysis of these models,
the paper also seeks to recommend strategies for a
mastitis control program aimed at dairy herds,
contributing to both theoretical and practical
advancements in managing mastitis.

Furthermore, the paper utilizes machine learning
(ML), a subfield of artificial intelligence (Al)
dedicated to crafting algorithms and models that
empower computers to learn from data
autonomously and make predictions or decisions
without explicit programming. ML finds application
across diverse domains, including epidemiology,
image and speech recognition, natural language
processing, recommendation systems, healthcare,
finance, and beyond. Within epidemiology, ML
techniques are applied for disease surveillance,
diagnostic and prognostic modelling, genomic
epidemiology, risk factor identification, and various
other scenarios.

2. MATERIALS AND METHODS
2.1. Epidemiological data

This study was conducted across three dairy farms
situated in North Macedonia. Data were collected
through a cross-sectional longitudinal  survey
spanning one year, focusing on the occurrence of
clinical mastitis among milking cows. Each milking
cow's yearly observation period began at a specific
point in time and continued for one year, or from the
start of the cow's lactation period within the
observed timeframe until the finishing of lactation
or the time point when the cow was removed from
the herd. Consequently, a total of 1031 cows of the
black-white breed, encompassing 1267 lactations,
were monitored throughout the study duration.

The incidence of new cases of clinical mastitis was
recorded daily throughout the research trial, using
standard clinical observation under typical field
conditions. Diagnosis of clinical mastitis involves a
clinical examination of the udder (assessing for
swelling, firmness, colour, pain, and impaired
function) and evaluation of milk abnormalities
(including the presence of watery milk, flakes, clots,
blood, pus, or discolouration). The occurrence of
clinical mastitis was quantified as prevalence per
cow and lactation.

prevalence rate per cow (%)
number ofcows with clinical mastitis %100

total number of observed dairy cows

prevalence  rate per lactation (%)
number of lactation with case of clinical mastitis 100

total number of observed lactation x
Lactation incidence risk (LIR) was calculated using
the density method:

LIR (%) -

total number of clinical mastitis cases
x100

total number of observed lactation

During the same lactation, a nine-day interval was
used to make a distinction between two successive
cases of clinical mastitis. This interval comprised
four days of antibiotic treatment administered to the
affected quarters of the mammary gland, followed
by an additional four days during which the
antibiotics remained present in the milk. Throughout
this period, the milk was waved aside. Finally, on
the ninth day, any abnormal changes in the milk
were assessed to confirm the presence of mastitis
symptoms (16).

Related to the mastitis status, dairy cows were
allocated into three classes: the cows at risk of
developing a clinical form of mastitis, cows that
suffer from clinical mastitis and the class of dairy
cows that have recovered from the mastitis and got
temporary immunity.

2.2. Mathematical models

The SIR and SIRS frameworks were applied as
predictive models for understanding the spread of
mastitis within dairy cow populations. These models
operate under the assumption of stable population
size, denoted as N, thereby excluding vital dynamics
such as the introduction of new heifers, culling, or
deaths within the dairy cow population. Such
models are referred to as closed epidemic models.
Due to the infectious nature of mastitis, it is
presumed that the entire milking cow population is
at risk of infection. Cows exhibiting symptoms of
clinical mastitis act as the infection's source,
facilitating its spread within the herd. Typically,
around nine days after showing signs of clinical
mastitis, cows are again at risk of developing the
disease.

Thus, the SIR model assumed that cows once
recovered from mastitis cannot be reinfected, while
the SIRS model posits that recovered cows remain
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susceptible and can indeed contract mastitis once
more. The graphical visualizations of mathematical
models were made in the mathematical program
Wolfram Mathematica 7.0. 18.43403. (17).

2.2.1. The SIR model without vital dynamics

The SIR model without vital dynamics (18,19) for
mastitis transmission in the dairy cow population is
a simple mathematical model. The observed
population at risk was divided into three groups: the
susceptible or cows under risk (S), the cows with
clinical mastitis (1), and the recovered cows (R).
Related to the nature of the practical problem that
should be solved, the symbols S, | and R, which are
used to mark the groups according to the SIR model,
will be changed. The susceptible group will be

denoted with SC, the cows that suffer from clinical
mastitis will be denoted withCM., and the

recovered cows will be denoted with H . Figure 1
shows the SIR model.

S & M i H,

c c

Figure 1. The SIR model without vital dynamics

The fixed size of the total population N is
N =S;(t)+CM_(t)+ Hc(t) for all time t. The

functions S (t), CM(t) and H,(t) depend on the

time t. The rate of infection with which infect the
susceptible' cows is denoted by a and the rate of
recovery is denoted by 4. The time of recovery is

1
T =—. This model is described by the following

ordinary differential equations:
dS; _ aS.CM,

dt N 1]

dCM, «aS.CM,

—Tc % =¥c_pCM

dt N PCMc

dH,

= BCM

it BCM,
with the initial values

Sc(0) =S¢ >0, CM¢(0) =CMc, >0, Hc(0) = Hg, =0°

By replacement

S CM,(t) Hc (1)
S(t)==5,CM(t) = —L2 H(t) = —=,
®) N t) N (t) N

this system

d—s=—aSCM
dt

dCcM @l
~ =@SCM-pCMm

dH
—=4CM
dt p

with the initial values
S(0) =Sy >0, CM(0) =CM; >0,H(0) = Hy >0 and
St)+CM (t)+H(@t)=1 for all time t s
transformed.

The initial behavior of the system is that we have a
small number of infections and no recovered
individuals, while most of the population is
susceptible. Therefore, we can take

Se, ®N i.e. Sy ~1 then the first and second

equations of the system (1] have transformed them
to

d—sz—aCM
dt
d(;v' ~aCM — BCM = (a - B)CM

a
Clear that, if o > 3 i.e. E >1 then dCdiV' .o and

a
thus that | isincreasing. If o < g i.e. E<1 than

dcM < 0 thusthat CM is lowering i.e. we have a

system within the outbreak'’s initial epidemical stage.
a

Therefore, the quotient E is an important number

for this model and represents the basic reproductive

a
number 9?0=E. By definition, the basic

reproduction number R is the average number of

secondary infections that a single infectious
individual will give rise to for his infection, in the
susceptible population.

Clear that, the epidemic will occur if the proportion

of invectives increases with time i.e. dc™m >0.

dCM

But we won't have an epidemic for <0.

We can say:
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dCM

If Ry >1 then >0 and we will have an

dCM

epidemic. If Ry <1 then <0 and we won't

have an epidemic.
The second equation of the model (2]

(j(;—thaSCM —BCM =CM (« S — f3)
gave us new information that d(;\/l >0, if it is

satisfied oS—-4>0=S ~Z . This relation
[04
means that the infection will invade in the

L . B . 1
populations if the condition S, > = i.e. So>—
(04 SRO
is satisfied. Biologically, this means that the

infection will enter the population if the initial

1
number of susceptible individuals Sy > g
0
We are not concerned about what will happen to the
infection over time. For that purpose, we divide the
first equation by the third equation of the model (2)
and the following differential equation

d—SzﬁSd—S:—modH .
dH Jij S

By its solving, the solution

S(t) = Sge MO HO-H) 5

is obtained.
Clear that H(t) <1 for all time t and the solution

S(t) >0 for all time t. Because Z—?<O, the

number of individuals in the susceptible group
decrement over the time t. The function s(t)is

positive and monotonous  function means

lim S(t) = S,, (S, is the final size of individuals in
t—>x

the susceptible group). Because c:j—T>O, the

number of individuals in the recovery group
increment over the time t. The function Rr) is

monotonous and bounded by 1 means

lim H(t) = H, (Ry is the final size of individuals
t—o

in the recovery group). The epidemic will be

stopped, if the final size of individuals in the
infected group Ho, =0 (lim H(t) =H,,).
t—o

Because S(t)+CM (t)+H(t) =1, the final sizes
and the initial values H,, =1-S,,Hg=1-5y are

obtained. The solution (3) will have the following
form

S, =Sy (x50)

This equation can be solved only numerically, and
its solution will give us the final size of individuals
in the susceptible group.

2.2.2. SIRS-model without vital dynamics

The SIRS model without vital dynamics (20) for the
spreading of infectious diseases is a simple
mathematical model obtained from the SIR model
without vital dynamics. In this model, all recovered
individuals return unprotected to the susceptible
group, and they can be infected again. In Figure 2,
the SIRS model is shown.

v

P
- M i H,

G

S

c

Figure 2. The model SIRS without vital dynamics

The rate by which recovered cows return to the
susceptible group is denoted by v. The time of
recovery (in the case of mastitis unspecific immune

protection against mastitis pathogens) is lzl.

124
This model is described by the following ordinary
differential equations:
dSc _ aScCM

—C - T C L yH,
dt N

dCM. aS.CM,

= - BCM

dt N PCM.

dH

dtc =pCM,-vH,
with the initial values

Sc(0) =S¢, >0, CMc(0) =CM, >0,H(0) = Hey =0°

We need to observe the long-term behavior of the
system, i.e., we are interested in finding equilibrium
points where none of the variables change. For the
variables that are not changed, their first derivatives
must be zero:
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IZEACTI

a S, CM.
——~%—-pBCM.; =0
N BCM

BCM;—vH, =0

By solving this system, two solutions are obtained.
This means that model has two equilibrium points:
the  disease-free  equilibrium  point (DFE)

(SCO,CMCO,HCO):(N,O,O) and the endemic
equilibrium point EE

* x N N N
(S Mg H ) = (0, LY (mo—n,%-ﬁwo—m'

ﬁ"ﬁo'v+ﬂ

a
where the basic reproductive number is Rg =—. If

Ry >1 then we will have an epidemic. If Ry <1
then we won't have an epidemic. If Ry <1 then the

DFE will be a stable node. If R >1 then the DFE
will be a saddle point (unstable).

If [(a+v)P—v(e-B)[2(B+v)]>>0 and
Ro <1 then the EE will be a saddle point
(unstable).

if [(e+v)P-v(e-B)[2(B+v)]>>0 and
Ro>1 then the EE will be a stable node. If
[v (@ +V)]* -v(a-B)[2(B+V)]* <0
R >1 then the EE will be a stable focus and the
v (@ + V)’

4Bv(B+v)

and

following condition Ry > +1.

2.3. Machine learning

For data prediction, Weka software (21) was used.
Weka is a collection of machine learning (ML)
algorithms for data mining tasks. Weka is widely
used in academia, research, and industry for
educational purposes, prototyping machine learning
solutions, and exploring data mining techniques. For
prediction, we used all available data for 1031 cows
from the database and classification rules, such as
DecisionTable, M5Rules and ZeroR rules. We used
cross-validation folds 10.

3. RESULTS

The annual prevalence of clinical mastitis,
calculated as the rate per 100 cow/years at risk, per
100 lactation and as lactation incidence risk is
shown in Table 1.

Table 1. The annual prevalence rate of clinical
mastitis in the observed population of dairy cows

Prevalence

rate per 100 Prevalence Lactation
Farms rate per 100 . .
cowslyears at . incidence risk
. lactations
risk
A 24.69% 20.10% 25.00%
B 50.70% 51.35% 95.58%
C 25.59% 19.97% 21.49%
Total 34.14% 30.07% 45.86%

The total prevalence of clinical mastitis for
the entire observed population of dairy cows,
calculated per 100 cows/years at risk, was 34.14%
and 30.07% calculated per 100 lactations. The
lactation incidence risk for clinical mastitis was
45.86%.

Table 2 shows the number of cases of
clinical mastitis during lactation and the occurrence
of recurrent cases during the same lactation.

Table 2. Reoccurrence of clinical mastitis cases
within a single lactation

Cows in lactation that experienced

4 5 6
Farm 1case 2cases 3cases cases cases  Cases
S of CM ofCM ofCM of of of
CM CM CM
A 82.92 9.75 7.31
% % %
B 50.23 27.27 12.44 7.17 1.91 0.95
% % % % % %
c 92.36 7.63
% %
68.24 18.63 7.61 3.93 1.04 0.52
Total
% % % % % %

From the analysis of showed results in
Table 2 it might be noticed that most of the cows
suffered from one case of clinical mastitis during the
same lactation, and the number of cows suffered
from recurrent consecutive cases (two, three, four or
more) was rare.
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The SIR model

The total population of the cows in the trial is
N =1031 with the initial values

S¢, =439, CM¢ =352, Hp  =240. The rate of
infection is o = 0,3414 and the rate of recovery is

B=0,6824. The time of recovery is
rzlz L =1,46542 days plus a nine-day
S 0,6824

interval needed for the pathogenesis of processes in
the mammary gland related to mastitis. The basic

reproduction number
a 0,3414
Ry=—=— ~0,5003<1 j.e. the epidemic
0787 0,6824 P

will be avoided. In addition to this the fact that i.e.
S

So=0 439 04o585 L 1 _j o988
N 1031 R, 0,5003

In Figure 3 is shown the functions S (t), CM,(t)
and H(t):

Hc (1)

600

400 s t)

200

CMc (t)

0}» 10 2‘0 3‘0
Figure 3. The functions S (t), CM.(t) and H,(t)

The SIRS model
The total population of the cows included in the trial
is N =1031 with the initial  values

S =439, I, =352, R, =240.The rate of

0 0 0

infection is « = 0,3414 and the rate of recovery is

B =0,6824.. The basic reproduction number is

_a 0,3414
£ 0,6824

point DFE is DFE = (1031,0,0).

In our case, we will compare the epidemic

behaviour to the recurrence of the disease one time,
two, three, four, and five times. In all cases, the

0 ~0,5003<1. The equilibrium

disease-free equilibrium points DFE = (1031, 0,0)
and the basic reproduction number
Rp~0,5003<1 are the same. The graphical

presentations of the functions S (t), CM(t) and

Hc(t) for the different values of the rate by which

recovered cows return to the susceptible group at
times of recurrence of the disease v are obtained in
Figure 4:

800

600

400

200

Y

0 . . . n
[ 10 20 30 40

a) v=0.1863 b) v=0.0761
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CMc (t)

Y

0 20 40 60 80

€) v=0.0393 d) v=0.0101

€) v =0.0052

Figure 4. The graphical presentations of the
functions S¢ (t), CM(t) and H,(t) for the
different values of v

The time of recovery (in case of mastitis unspecific
immune protection against mastitis pathogens)

1= 1 for different values of v (days) are:

e ;=537 for v=0.1863;

e :~13.14 for v=0.0761;
e ;~2544 for v=0.0393;
e ;~99.01 for v =0.0101;
e ;19231 for v =0.0052.

The disease-free equilibrium point
DFE = (1031,0,0) is a stable node for all cases of
V.

Results from ML are given in Table 3 below.
According to the results, we can see that the best
correlation coefficient we have while using decision
table rules. That means the strength of a linear
relationship between variables is good. With ZeroR
we have a negative coefficient. Root mean squared
error is small in all cases, but the relative absolute
error is smaller while using the decision table and
M5Rules. The best results are obtained using a
decision table, and the worst are obtained using
ZeroR classification rules. So, that means that with
the decision table, we can best predict mastitis in
dairy herds and with that can help prevent disease.

Table 3. Machine learning classification rules

Classification rules

Decision Mb5Rules: ZeroR:
Table:
Correlation 0.9988 0.8385 -0.0586
coefficient
Mean absolute error 0.001 0.0109 0.406
Root mean squared 0.0223 0.3023 0.4506
error
Relative absolute 0.2418% 2.6937% 100 %
error
Root relative squared  4.9541% 67.0884% 100 %

error

4. DISCUSSION

The widespread occurrence of clinical mastitis
significantly impacts the economic stability of dairy
farms due to its high prevalence and associated
risks. Mastitis exemplifies a multifactorial disease,
suggesting that variations in its prevalence across
farms can be attributed to differences in farm
management, environmental conditions, breeding
systems, hygiene practices, health management,
milk production, and the genetic diversity among
cows, particularly in their resistance to mastitis.

The SIR model revealed that after a short time, the
epidemic will disappear. From the explanation and
the graphical presentations, it can be concluded that
the stable point DFE attracts the trajectories of the
system. Biologically speaking, the disease on the

VETERINARY REVIEW / VETERINARSKI PERGLED, Vol 5, No 1 200



26™ INTERNATIONAL CONGRESS OF THE MEDITERRANEAN FEDERATION FOR HEALTH AND
PRODUCTION OF RUMINANTS FeMeSPRum, Novi Sad (Serbia), 20" — 23™ June, 2024
26. MEDUNARODNI KONGRES MEDITERANSKE FEDERACIJE ZA ZDRAVLJE | PRODUKCIJU

PREZIVARA FeMeSPRum, Novi Sad (Srbija), 20.

23.jun 2024.godine

ISBN 978-86-7520-611-8

farms is calming down, and with these parameters of
the model, an epidemic cannot occur.

The SIR and SIRS models are types of
compartmental models used in epidemiology to
describe how diseases spread through populations.
These models can also be adapted to predict the
occurrence of clinical mastitis in dairy herds by
considering the unique aspects of the disease and the
way it spreads among cattle. The rate at which the
disease spreads depends on the contact rate between
susceptible and infected cows and the effectiveness
of transmission per contact. The rate of recovery
represents the time needed for mastitic cows to
return to health (either through natural recovery or
treatment). To effectively use SIR or SIRS models
for predicting clinical mastitis, data for the number
of susceptible, infected, and recovered cows are
needed, along with transmission rates of mastitis in
the herd, recovery rates and rates at which recovered
cows become susceptible again. In the early stages,
the number of infected cows increases rapidly due to
the high transmission rate. As more cows become
infected, the number of susceptible cows declines.
The model predicts a peak in infections after a
certain period, depending on the transmission and
recovery rates. This peak represents the maximum
number of cows infected during the outbreak. As
infected cows recover or are removed from the
population (due to culling or isolation), the number
of infected individuals decreases. This decline is
influenced by the recovery rate. After a certain
period, the SIR model reaches an endemic
equilibrium where the number of susceptible,
infected, and recovered cows stabilizes. This
equilibrium level depends on the balance between
transmission and recovery rates. Unlike the SIR
model, the SIRS model accounts for the possibility
of recovered cows becoming susceptible again. This
introduces cyclic behaviour into the model, where
individuals move between susceptible, infected,
recovered, and susceptible states over time. Due to
the cyclic nature of the SIRS model, there can be
observed oscillations in the number of infected cows
over time. These oscillations represent periodic
outbreaks of clinical mastitis as recovered cows
become susceptible again, leading to new infections.
The SIRS model predicts long-term fluctuations in
the prevalence of clinical mastitis within the dairy
herd. These fluctuations are influenced by the
balance between transmission, recovery, and the rate
of susceptibility. Understanding the cyclic
behaviour of the SIRS model can inform control

strategies. For instance, good management practices
aimed at reducing transmission can help dampen the
oscillations and stabilize the prevalence of clinical
mastitis in the long term.

Therefore, these models can be made more complex
and precise by including additional factors like
varying susceptibility due to genetic factors, age, or
stage of lactation, and by considering external
factors like farm management practices.

With the use of the decision table as one of the most
used classification rules and cross-validation folds
10 we can best predict mastitis. The decision table
classifier scans through the decision table to find
precise matches, focusing solely on the features
specified in the schema. The cross-validation folds
10 approach involves partitioning a single dataset
into ten randomly selected subsets. Nine of these
subsets are utilized for training purposes, while one
subset is reserved exclusively for testing. This
process is iterated ten times, with each iteration
selecting a different subset for testing while the
remaining nine are used for training.

Single or deep ML models have traditionally been
employed to classify cows into healthy and at risk of
mastitis, whether clinical or subclinical. Common
approaches include decision trees, distance-based
methods like support vector machines, clustering
models such as k-nearest neighbours and linear
discriminant analysis, neural networks, and
generalized linear models like logistic regression
(20,21,22,23). 22,23,24,25

Recently, there has been a surge in interest in
utilizing data collected from both automatic milking
recording systems and routine milk recording
procedures. These data, easily accessible to farmers
and abundant in quantity, can be leveraged for
training ML models geared towards classification or
regression, aiding in the assessment of traits that
may be challenging to measure directly. ML models
tailored for dairy cattle have proven effective in
early mastitis risk identification (26,23,27,25,28).

5.CONCLUSSIONS

Both the SIR and SIRS models provide valuable
insights into the dynamics of clinical mastitis in
dairy herds. While the SIR model offers a simplified
representation of disease transmission and recovery,
the SIRS model accounts for the loss of immunity
over time, leading to cyclic behaviour in the
prevalence of mastitis. By analyzing the results from
these models, veterinarians and farm managers can
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develop effective control strategies to minimize the
impact of clinical mastitis on dairy production. With
the use of the decision table as one of the most used
classification rules and cross-validation folds 10 we
can best predict clinical mastitis occurrence in dairy
herds. Implementation of a good mastitis prevention
program in dairy herds by increasing the rates of

control parameters will reduce the mastitis
pathogens transmission rates leading to a reduction
of mastitis incidence.
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