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Evolution of the mammary gland
from the innate immune system?

Claudia Vorbach,'* Mario R. Capecchi,? and Josef M. Penninger’
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Figure 3. Proposed evolution of the mammary gland from a mucus-secreting epithelial gland. Mammary glands presumably evolved as
mucus-secreting skin glands that similar to many mucus surface epithelia secreted antimicrobial enzymes such as XOR and lysozyme. The
evolution of additional functions of XOR and lysozyme in the ancient mammary epithelium resulted in the secretion of fat droplets, =-
lactalbumin and lactose. Consequently, the mammary gland evolved from a protective immune organ into a reproductive organ unique to the

class mammalia.
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How does mastitis develop ?

Mastitis is often the end result of
the interaction of several
factors.

Cow

0 Predisposing conditions
Existing trauma (milking machine, heat
or cold, injury)
Teat end injury
Lowered immunity (following calving,
surgery)
Nutrition

Organisms
Environment

Maintaining Optimal Mammary Gland
Health and Prevention of Mastitis

anta Bujok®
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FIGURE 1 | Factors influencing the development of mastitis in dalry cows. Sowre: Adapted from Abebe et al. |







[able 5. Estimated model parameters from the generalized linear mixed model based on 3049 lactation Iz on 208 farms
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Cow Environment

CLEAN

“ Hygiene 1s a dominant factor in mastitis

control, influenced primarily by cow
comfort, ventilation and bedding”
Fetrow et al (2002)
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Effects of farming systems on dairy cow welfare and disease’
Report of the Panel on Animal Health and Welfare

(Question No EFSA-Q-2006-113)

INTRODUCTION AND OBIEC T TV E S e e e e e e eanaaens
Materials and M ethods .o e
1. Welfare concepts and ¢
2. The needs of dairy cow
1 To breathe air of sufficient quality
2. To have appropriate sensory input
1 To rest and Slee D .o oo
To exercise..
To feed and drink.
Drinking
Nutrients ...
Foraging behs
To explore .
To have appropriate social interactions.
To avoid fear and other negative experiences ...
To perform maintenance and eliminatory behavlour
To have an appropriate thermal environment
Reproduction and maternal fUnCtionNS ..o e e eaeeaeaees
To avoid and minimise disease
To avoid harmful chemical agents . ... ... i,
To avoid pain and injury
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[ ] Advances in therapeutic and managemental approaches of bovine mastitis: a
1 comprehensive review.
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Bovine mastitis is the inflammation of the mammary glands/udder of bovines, caused by bacterial

1910 2023
? pathogens, in most cases. ...The objective of the present review is to describe the eticlogical agents,

AVAILABILIT pathogenesis, and diagnosis in brief along with an extensive discu ...

[ ] Abstract . . .
Control of Bovine Mastitis: Old and Recent Therapeutic Approaches.
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Mastitis is among the most common and challenging diseases of dairy animals. It is an inflammation of
Trial

udder tissues due to physical damage, chemical irritation, or infection caused by certain pathogens.

[ ] Review Bovine mastitis has been known for ages, but its complex ...
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() Syears Mastitis is the most frequent disease of dairy cows and has well-recognized detrimental effects on

\/ 10 years animal wellbeing and dairy farm profitability. ...During the last century, tremendous significant advances
in mastitis control have been made but changing herd structu ...
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Bovine mastitis is an important animal production disease that affects the dairy industry globally.
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Simple Summary: Innovations in veterinary medicine diagnostic methods can help to better identify
the microorganisms causing bovine mastitis. Matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) mass spectrometry is such an innovation. This tool can identify many

different microorganisms cultured from bovine milk samples to species-level. However, not all

el

these microorganisms are necessarily pathogenic to the cow udder. Using 93,353 milk samples from
different countries, we aimed to determine thl:‘ diversity and proportion of different microorganisms
cultured from bovine milk of apparently healthy cow mammary glands and of clinical mastitis cases,
and identified by MALDI-TOF. Moreover, we highlighted the current knowledge gaps on the effect of
these microorganisms on udder health. We revealed a great diversity of microorganisms in both types
of samples, but, for most species (206 of 294), little literature regarding their udder health relevance
was available. However, some microorganisms with little or no scientific literature were frequently
isolated from clinical mastitis samples; thus, suggesting that they may be relevant in terms of udder

health. For other species, more research is needed to clarify their role.

Abstract: Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry
provides accurate species-level identification of many, microorganisms retrieved from bovine milk
samples. However, not all those microorganisms are pathogenic. Our study aimed to: (1) determine
the species-specific prevalence of microorganisms identified in bovine milk of apparently healthy
lactating quarters vs. quarters with clinical mastitis (CM); and (2) map current information and
knowledge gaps on udder health relevance of microorganisms retrieved from bovine milk samples.
A mixed study design (meta-analysis and mapping review) was chosen. We gathered several large
Canadian, US and Brazilian data sets of MALDI-TOF results for organisms cultured from quarter

milk samples. For meta-analysis, two datasets (apparently healthy quarters vs. CM samples) were
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= Among the quarter-milk samples from apparently healthy quarters,
only 26 groups of microorganisms had an estimated prevalence

- 0.1% with 11 of them being related to the Staphylococcus genus,
though one of the microorganisms, Staphylococcus sciuri, was
recently reassigned to the novel genus Mammaliicoccus with
Mammaliicoccus sciuri as the type species. The five most prevalent
species were Staphylococcus chromogenes (6.7%, 95% Cl 4.5-9.2%),
Aerococcus viridans (1.6%, 95% Cl 0.4-3.5%), Staphylococcus aureus
(1.5%, 95% Cl 0.5-2.8%), Staphylococcus haemolyticus (0.9%, 95% Cl
0.4-1.5%), and Staphylococcus epidermidis (0.7%, 95% Cl 0.2-1.6%).
For most species, the estimated prevalence did not differ between.
countries.
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= Among the 43,924 quarter-milk CM samples, 43 groups of
microorganisms had an estimated prevalence 0.1%. The most

- frequent genus was, again, the Staphylococcus genus (n = 11, when
including Staphylococcus sciuri), followed by Streptococcus genus
(n = 7). The 5 most frequent species in CM samples were
Escherichia coli (11%, 95% Cl 8.1-14.3%), Streptococcus uberis (8.5%,
95% Cl 5.3-12.2%), Streptococcus dysgalactiae (7.8%, 95% Cl 4.9—
11.5%), Staphylococcus aureus (7.8%, 95% Cl 4.4-11.9%), and Klebsiella
pneumoniae (5.6%, 95% Cl 3.4-8.2%). Again, for most
microorganisms, the estimated prevalence was not significantly
affected by the country of origin.



Table 4. Prevalence of the different microorganisms isolated from the milk of mammary quarters of
dairy cows with clinical mastitis and identified using MALDI-TOF estimated using random meta-
analyses conducted on the raw data from 43,924 samples using 8 datasets (Canada, USA and Brazil).
Only microorganisms with prevalence >0.1% are reported.

Prevalence (95% CI) 95% Prediction Interval 2

11.0 (8.1-14.3) 4.5-19.9

Microorganism
L=

Escherichia coli

Streptococcus uberis
Streptococcus dysgalactiae
Staphylococcus aureus
Klebsiella pneumoniae
Staphylococcus chromogenes
Serratia marcescens
Trueperella pyogenes
Corynebacterium bovis
Staphylococcus haemolyticus
Unspeciated  Staphylococcus

Staphylococcus simulans
Staphylococcus sciuri ©
Unspeciated ® Corynebacterium
Lactococcus garvieae
Unspeciated ° Bacillus
Staphylococcus xylosus
Lactococcus lactis

Streptococcus agalactine
Unspeciated ® Streptococcus
Enterobacter cloacae
Streptococcus equinus
Staphylococcus epidermidis
Aerococcus viridans
Enterococcus saccharolyticus
Candida rugosa 4

Klebsiella oxytoca
Enterococcus faecium

8.5 (5.3-12.2)
7.8 (4.9-11.5)
7.8 (4.4-11.9)
5.6 (3.4-8.2)
2.3 (0.5-5.3)
1.0 (0.5-1.7)
0.9 (0.1-2.2)
09 (0.1-2.1)
0.7 (0.1-1.8)
0.7 (0.0-2.8)

0.6 (0.4-0.8) *

0.6 (0.1-1.6)
0.6 (0.1-1.4)
0.6 (0.1-1.3)
0.6 (0.0-2.5)
0.5 (0.0-1.6)
0.5 (0.0-1.4)
0.4 (0.0-2.0)
0.4 (0.0-1.1)
0.3 (0.2-0.4)
0.3 (0.1-0.6)
03 (0.0-1.2)
03 (0.0-1.2)
0.3 (0.0-1.0)
0.3 (0.0-0.9)
0.3 (0.0-0.8)
0.3 (0.0-0.8)

1.4-20.4
1.1-19.8
0.4-22.6
1.0-13.2
0.0-14.0
0.0-3.4
0.0-6.0
0.0-5.9
0.0-4.2
0.0-10.3
0.1-1.2
0.0-44
0.0-3.8
0.0-2.9
0.0-9.4
0.0-5.4
0.0-4.1
0.0-7.6
0.0-3.5
0.2-04
0.0-1.2
0.0-3.8
0.0-4.1
0.0-24
0.0-2.6
0.0-1.8
0.0-2.0

Pasteurella multocida 0.3(0.0-0.7)* 0.0-1.5
Candida krusei 9 0.2 (0.0-0.7) * 0.0-2.1
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= Current Concepts of Bovine Mastitis listed the following microorganisms as

important mammary gland pathogens: Staphylococcus aureus, Streptococcus

agalactiae, Streptococcus uberis, Streptococcus dysgalactiae and other
Streptococcus-like microorganisms, Mycoplasma bovis and other Mycoplasma
spp., Corynebacterium bovis, Escherichia coli, Klebsiella spp., Enterobacter spp.,
Citrobacter spp., Enterococcus faecalis, Enterococcus faecium,
(Staphylococcus chromogenes, Staphylococcus hyicus,
Staphylococcus warneri, Staphylococcus epidermidis, Staphylococcus cohnii,
Staphylococcus simulans, Staphylococcus xylosus, Staphylococcus sciuri,
Staphylococcus saprophyticus), Pseudomonas aeruginosa, Trueperella pyogenes,
Nocardia spp., mycobacteria, Serratia spp., Bacillus cereus, yeasts (Candida),
molds, and algae (Prototheca).
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- Streptococcus agalactiae
— Staphylococcus aureus
— Mycoplasma spp.
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- — Escherichia coli
— Klebsiella spp.
— Enterobacter spp.
— Citrobacter
— Streptococcus dysgalactiae
— Streptococcus uberis

— Trueperella pyogenes (Actinomyces pyogenes, Arcanobacterium
pyogenes)

- Enterokoke

— Kvasci

- Jednocelijske alge (Prototheca zopfii)



Table 1. Classification of mastitis pathogens Adapted from Constable and colleagues (2017) [12].

Contagious Environmental Opportunistic

Staphylococcus aureus Escherichia coli Non-aureus Staphylococci:

Streptococcus agalactine Streptococcus uberis Staphylococcus simulans

Corynebacterium bovis Streptococcus dysgalactine Staphylococcus chromogens
Kiebsiella spp

Corynebacterium pyogenes

Mycoplasma spp
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Coagulasenegative
staphylococci
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Figure 1. Possible sources and transmission routes for mastitis
pathogens: from other cows, the environment, people or products.
Mastitis control efforts must focus on the most important sources and

routes.
Machine




Persistent infection
Dominant strain

Figure 3. Contagious and environmental transmission as seen through
strain typing: If cow-to-cow transmission occurs, all cows will be
infected with the same strain (left). If cows are infected with different
strains (right), they did not infect each other. Rather, they probably were
infected from the environment, which contains many different strains of
mastitis pathogens.

Transient infection
Multiple strain




bacteria that “didn’t follow the textbook”

Figure 4. Example of strain typing results for mastitis-causing bacteria.
Each “DNA fingerprint” or barcode-like typing result runs from top to
bottom and represents a single cow with mastitis. The box encloses 4
identical results showing that 4 cows shared the same strain of
Klebsiella. Other cows from this herd were infected with different strains
of Klebsiella. The regular patterns on the left and right are DNA-ladders,
which are included for quality control reasons, as are the empty lanes.
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An update on environmental mastitis: Challenging perceptions

I. C. Klaas® R. M. Zadoks™

Summary
Environmental mastitis is the most common and costly form of mastitis in modern
dary herds where coriagious transmission of inlramammeary pathogens is coniro
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Understanding the Sources, Transmission
Routes, and Prognoses for Mastitis
Pathogens

Ruth N. Zadoks

Institute for Biodiversity, Animal Health and Comparative Medicine, College of Medical,
Veterinary and Life Sciences, University of Glasgow, 464 Bearsden Road, Glasgow G61 10QH,
UK

Email: ruth.zadoks{aglaspow.ac.uk or mth.zadoks(@moredun.ac.uk

m Take Home Messages

*  Within animal species, we recognize different breeds. Within bacterial
species, we recognize different strains. Strain typing may help to identify
sources and transmission routes of mastitis-causing bacteria so that we
can target interventions and choose appropriate treatment options.

Many of the most common mastitis-causing bacteria, including
Staphylococcus aureus and Streptococcus uberis, can originate from the
environment and spread from cow to cow. It is wrong to consider a
bacterial species as “contagious” or “environmental’. Transmission
mechanisms are herd- and strain specific. Inspection of the farm, animals
and records may be enough to identify the transmission route. Strain
typing can help.
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Genotypes of Staphylococcus aureus: On-farm epidemiology
and the consequences for prevention of intramammary infections
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MULTI HOST PATHOGEN AND HOST SPECIES JUMPER
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The fall and rise of group B Streptococcus in dairy cattle:
reintroduction due to human-to-cattle host jumps?

Chiara Crestani'*, Taya L. Forde', Samantha J. Lycett’, Mark A Hduimes?, ] ; Vasdh®, Karin Persson-Waller® and
Ruth N. Zadoks'**

Abstract

Group B Streptococcus (GBS; S oco alactia neonatal and opportunistic bacterial pathogen of humans and an
important cause of mas / h significant impacts on food security. Following the introduction of mastitis control
programmes in the 19 5BS was necﬂ.y eradlcax:o from the dairy industry in northern Europe, followed by re-emergence in the
21st century. Here, we sought to explain this re-emergence based on short and long read sequencing of historica 8. n=44)
and contemporary (1997-2012; n=76) bovine GBS isolates. Our data show that a globally distributed bovine-associated lineage of
GBS was commonly detected among historical isolates but never among contemporary isolat
ance, which is present in all major GBS clo
isolates. These obs
6 sequence similarity with plasmids from Streptococc
Cqbgp equisimilis, “thCh co ew:t with GBS in the human oropharynx. Our findings support introduc
into the da»ry pcpula ion due to human-to-cattle jumps on multiple occasions and demonstrate that reverse zoonotic
n can erase successes of animal disease control campaigns.
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Figure 1. Schematic presentation of mastitis pathogenesis. Typically, (1) once bacteria invade the
teat end and ascend into the teat canal and alveoli, a local immune reaction starts; (2) bacterial by
products, such as lipopolysaccharide (LPS) or outer membrane vesicle (OMV) of Gram-negative
pathogens act as pathogen-associated molecular pattern (PAMP), which is recognized by pathogen
recognition receptors (PRR), specifically Toll-like receptor 4 (TLR4), on macrophage type 1 (M1).
After this contact, (3) humoral elements, such as cytokines (IL1, IL6, and TNF) and chemokines
[interleukin(IL)-8] are released that alert other white blood cells, mainly polymorphonuclear (PMN)
leuckocytes in the systemic circulation and trigger the release of acute phase proteins; (4) Once PMN
have entered in the infected area, through mammary epithelial cells (MEC), (5) they engulf and
kill bacteria through phagoctysis. If this inflammation is persistent, (6) then adaptive immunity is
activated via the interaction of macrophages with lvmphocvtes, like T-regulatory cells.




Staphylococcus aureus

Bovine mammary gland epithelium

‘ Annexin A2

QOSSO0

SOOOEOEEOOEOEOD s Cell lysls l

” Hib L x and necroticg X
death
Enzymatic degradation
of sphingomyelin

Neutrophil

Hemolysins

Q /0 Lysis of red blood cells
CCRiZ

and release of iron

LukMF FCRI
Killing of neutrophils / Superantigens

\'-0 f\ | and monocytes :
" | L ) Nonspecific T cell activation
7 =

and massive release of
roinflammatory cytokines
P y ¢y

Macrophage Lymphocyte et

Proteins that have been implicated in the pathogenesis of Staphylococcus aureus of bovine origin.
Surface proteins interact with host proteins to promote bacterial adhesion and invasion. Biofilm-
associated protein (Bap) interferes in the internalization pathway mediated by FnBP and contributes to
biofilm formation, a process that also depends on the ica locus. Toxins such as alpha and beta
hemolysins, promote necrosis of the mammary gland tissue and lyse bovine ervthrocytes to use
hemoglobin as a source of iron. Leukotoxin LukMF " binds to neutrophils present in the bovine milk.
Staphyvlococcal superantigens activate T-cells resulting in the release of various pro-inflammatory
cvtokines. Figure created by authors using resources from Smart Servier Medical Art and BioRender

Al"IOBPLLIIAHCKI/l [MPOTENHU

[AAXE3NHMU: fibronectin-binding proteins A:
and B (fnbA and fnbB), fibrinogen-binding
proteins also called clumping factors A and B
(clfA and clfB), cell wall components (type 5and 8
Capsules), collagen-binding proteins (can), and
fibrinogen-binding proteins (fib), ica operon
(PS/A, PIA), stafilokokni protein S (spA), _
koagulaza (coa), biofilm/associated proteins (bap)

MHBA3UHW - y dopmu eHzmma un

LNTOTOKCUHA: IeYKOLMANHN, N€yKOTOKCUHM,
XUjanypoHUAa3a, XeMONN3NHU

Ef30TOKCUHW - entepoTtokcmnn (SEA ao -

SEQ), TOKCUMH TOKCUYHOT WOK cnHApoma (TSST-
1), M eKcPoANjaTUBHM TOKCUHU

PESUCTEHUMIJA HA AHTUBMUOTUKE

(popmupatbe briopuama 1 XOPU30HTAHM
TpaHcdep reHa pesncTeHuuje)
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HECMELUMOUYHA/YPOBEHA OABPAHA MAEYHE Y/E3AE

— - - : e : B R e

VR OVEVERE 6ap|;1jepa Bpxa'nanvmé

2) KOMIMNOHEHTE henujcke o,a,6paHe': Makpodaru,
HeyTpoduan .

3) KOMIMOHEHTE xymopa/aHor o4roBopa -
KOMM/IEMEHT CUCTEM, UMYHO-MOAYANPajyhu
daKkTOpU, LUTOKUHU, IN303UM, TAKTODEPUH,
/IAKTONEepoKCMaasa, TpaHCcPepuH,
O/Urocaxapuan, peakTUBHE BPCTe KUCEOHMKA,
MPOTEMHM aKyTHe dase

L AKTMBMPaAjy ce 6p30 Ha MecTy MHpeKuuje

(1 Hema dyHKuUMje namherba



MPBA JIMHWIA OLABPAHE - Ductus papillaris

et = - ——

a [MpumapHa 6apmjepé 3a natoreHe MO - pu3Un4Ka
6apujepa/M3BOpP aHTUMUKPOOHUX CYyMNCTaHLU

0 KepaTMHCKK C/10] cacTaB/beH 04, Pa3IMYUTUX MACHUX
KUCe/IMHA

- EcTepupunkoBaHe n HeecTtepudumrkosaHe MK .
MUPUCTUHCKA, NA/IMUTOO/IEUHCKA /IMHO/IEHCKA) UMajy
aKTEepPUOCTATCKO AenoBame npema: Staph. aureus, Staph.

hyicus, C. bovis u Str. agalactiae

— KatunoHckm npotenHu (YOUKBUTUHU) — €/1eKTPOCTATUYKM
Ha MO; anTepauuja heamjckor 3maa — 0CeT/bMBOCT Ha
NpOMeHe OCMOTCKOT NMPUTUCKA; /1M3a U CMPT



hennjckn enemeHTU y cekpeTy 3apaBe/3axBaheHe MAaCTUTUCOM MeYHe xJe3ae

Table 1: Cellular elements in the BMG environment [

Healthy MG Mastitic MG

ater than 07 cells/mL milk rding to severity of IMI;
sidered ) - ) . .
- with severe IMIs, the SCC mav reach 1 x cells/mL milk or more
old for . - :
within a few hours.

Dramatic increase occurs according to severity of IMI at early s
due to recruitment of immune cells from the marginal pool and b
marrow into the MG environment.

<, constituting the

Macrophages of total lenkocytes in milk.

in n:u_ll-\ CD4+ T-

Lymphocytes a3 T cells pres

with memory
approximately
population).

of the total millk

PMNs f total leukocytes in milk. s, PMNs also remain as

Bpoj comaTckux henuja y mneky u3 34paBe MAe4dyHe xne3ge < 100.000 y
MUANMANTPY. TOKCUHM BakTepuja, KOMMNOHeHTe henumjckor 3uaa v Npou3BOAU
mMeTabonusma bakTepuja Aenyjy Kao XeMOTaKTUYHM areHcu 3a neykouuTe.




Healthy quarter
« 200,000 SCC/mL

t . Macrcphages

LyTohoc)ytes

Marnmery

Epithed 2

Cals
Figure 2. Presence of somatic cells in healthy and infected quarters of a cow. In the milk of a
healthy quarter there are present more macrophages, followed by a small percentage of lymphocytes,
neutrophils, and epithelial cells, whereas an infected quarter, with clinical mastitis or subclinical
mastitis, is overpopulated with neutrophils and few macrophages, lymphocytes, and epithilail cells.




hE/IMJCKA OABPAHA

a MOHojeAapHm daroumTHn cuctem (Makpodarn)

A MoanmopdoHyKaeapHU darounTHM cuctem (MUKpodarm) —
[TMH/1 - HEYTPO®WU/THU TPAHY/TOUUNTHU



MHBA3SUNJA - UHOPERUUIA - UHP/TAMALINIA

Final stagy

)
Enthuatory proces

l

) N \tan
Infection stage /

Tewnate aned s pured

JIne respodes:

Splnca
nnache

Imyasten stize

Tent sphanceer mmsche and

kemtin epathelinm

Figure 1. Schematic structure of the mammary gland and its defence barriers. During
the invasion stage, bacteria must pass through the keratinised epithelium of the teat
canal. These physical barriers are components of innate immunity. In the infection
stage, bacteria become established within the mammary tissue. Mediators of the

mnate and acquired immune responses (macrophages, neutrophils, natural killer cells,

lymphocytes, antibodies and cytokines) defend against this process, and the
efficiency of these responses determines mastitis susceptibility. In the final stage,
once the infection has been established, the presence of inflammation increases in the
somatic cell count and clinical signs of infection become apparent

Conective tissue o
A —

\ " Epithelial _, o

cells

Cistern of
the gland
Alveoli
Keratinized
epithelium Teat canal Mhigration through
the endothelium

Sphincter B Vessel

muscle teat C lumen

Bacteria g%’

@ Neutrophils *
@ Macrophages

Cytokines
(TNF-o, TL-18)

Endothelial
cells

Figure 1  A. Schematic diagram of the bovine mammary gland showing the most important anatomic factors that act as defense
barriers. The teat sphincter muscle represents the first line of defense, whereas the keratinized epithelium of the teat cistern is
considered the second line. B. Cellular and soluble factors that participate in the innate immune response of the mammary gland.
Macrophages located in the alveoli phagocytize bacteria that enter the mammary gland cistern. Activated macrophages release
cytokines such as TNF-a and IL-18. C. Endothelial cells from blood vessels adjacent to alveoli express adhesion molecules in
response to pro-inflammatory cytokines; this, in turn, facilitates neutrophil recruitment from the bloodstream to the site of infec-

tion in order to eliminate the invading bacteria.




Udder infection/Injury

Un hygienic/incomplete milking

Un Hygienic cow surl‘mmdinf

Increase in stage of lactation e

Change in housing'Feed oy

An increase in parity il

Keeping sick cows with /

healthy cows
Hot-humid climates
Any other stress

FIGURE 3 | F¢

Healthy udder/Animal/Milker
Hygienic milking practices

Clean animal surroundings

Recular udder screening

4 Feeding antioxidants

!

Treating infected cows/Culling
chronic mastitis cows

Post-milking teat dippings

Awareness about mastitis/proper
dry cow therapy

Selection against mastitis




TABLE 1 | Estimated milk kossss

SCC/mi

B D INCressed

Loss of milk (%)

Losses of milk
production per dairy

cow/year (kg)




CMAKEHRHE BPOJA COMATCKUX RE/IMIJAY SBUPHOM
~ M/IERY RPABA

i < - V— —— 4 — i ————

— KPABE CA MNOBERAHMM BPOJEM COMATCKUX RE/IMJA
- CEN34ABAJAJY U MY3Y OABOJEHO

- M/IERO TUX KPABA CE HE MELLA CA OCTA/TUM
M/NTEKOM CA ®APME

- Y CTAAY NPOCEYHE BE/IMMUHE, JEAHA RPABA CA
NOBERAHUM BPOJEM COMATCKUX RE/IMJA MOXKE AA
3A 5-50% [NTOBERA BPOJ COMATCRUX RE/TNUIJA'Y
36MPHOM M/IERY



EPOJ COMATCRKHUX RE/IMJAY NPOTPAMUMA 3A
-~ OY3bMJAKE MACTUTUCA

e — — -~ — = -

JKPABE CA MOBERAHNM BPOJEM CON\ATCHMX hE/TNJA
TOROM /IAKTAUMIE, N U3 NAKTAUUNIE Y NARKTALNIY,
NMCR/bYYYJY CE U3 NPON3BOAHE

KPABE CA YTBPBEHOM UHTPAMAMAPHOM
MHOERLUMIJOM Y TPU U/IU CBE HETUPU HETBPTH,
- NCK/bYYYJY CE U3 INTPONU3BOAHE |

JKPABE KOJE CY IEMEHE O/ MACTUTUCA TPU U BULLE
[YTA, UCKR/bYHYJY CE U3 TTPOU3BOAHE
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NMPOMEHA CACTABA MJIEKA MPU MACTUTUCUMA

1.

[Tpenas hesuja U3 KpBU y M/EKO
[Ipesnas BSA 13 KpBu'y MAEKO,
3. JOHCKe NpOMEHE Y M/IEKY,

e

ja heauja,
5. CMameme cagpiKaja /1akTo3e

4. Ancpynuu
Ka3enHa n MacTu

)




YTULUAJ MACTUTUCA HA CACTAB N OCOBMHE M/IEKA

e —————

d CMAHEHE KONMYUHE NAKTO3E Y LMTOCO/TY - UBOTOHMIA -
[MPE/IASAK JOHA '

d CMAHEHE CAAPHKAJA MACTHU

- Behunpouenar ectepupurosannx MK caC,- C,,, a matbu npoyeHaTt
3acuheHmnx MK/C16:0-C18:0/

— [pomeHe Ha MembOpaHM MacHe Kan/buue
- Behu cagprkaj c10604HUX MACHMX KMCEMHA

[ YKynaH cagp:kaj npoTemHa ce He Merba

— CMmambere cagpaja o -Ka3enHa, B- KasenHa, o-1akTanbymmHa u B-
NakTorn06yAnHa

- TNosehawe BCA 1 uMyHOrn106y/1MHa
— TMosehare cagprkaja napakana kazenHa
— Matu cagpkaj muuenapHor KasemHa (46%)



YTULIAJ MACTUTUCA HA MPEPAAY MAEKA

O MPOU3BOAHA MACTEPU30OBAHOT M/IEKA
O NPOU3BOAHA PEPMEHTUCAHMX MPOU3BO/AA O/ M/IEKA
2 TPOM3BO/HA CUPA



3HAYAJ CYBRK/IMHUYKNX MACTUTUCA 3A
BE3BEAHOCT M/IEKA N TTPON3BOAA O4 M/IERA

E——

3 Y3POYHMLUM MACTUTUCA MATOTEHM 3A /bYAE

— Streptococcus agalactiae n Staphylococcus aureus,
- pehe Listeria monocytogenes, Brucella abortus

. Staphylococcus aureus- MTPOAYKUWMJA EHTEPOTOKCUHA;
MRSA :

JAMR - /IATEPA/IHU TPAHCODEP FEHA
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,ﬂ,MJArHOCTM RA CYBR/IMHNUYKNUX MACTUTUCA - IDF

BCh/mn | NATOrEHM MO

| HUCY U30/10BAHM |  U30/IOBAHM

<500 000 ~ 34PABO BUME NIATEHTHA
MHOEKLMIA

>500 000 HECMEUM®OUYHU |  MACTUTUC

| MACTUTUC |
(MOPEMETRAJ Y
CEKPELMIN)




HAHEHWUE

X - V— —— 4 — i ———— —— -

= PEMPE3EHTATVIBHE CDAPI\/lE — 2-5% KIMHUYKMX MACTUTUCA
= CYBKJIMHNYKN MACTUTUCU — 20-50 nyTa Yewhm of KANHUYKNX
: 710% HOBUX MHOEKLWJA -Y NMPBOM HEAE/bU 3ACYLLEHA

= Cy6KkNMHMYKa POpMa NPenasn y KJAMHUYKY — Yy MPBUX 14 AaHa No
Tenemwy '

= OKO 30% HOBUX MHOEKLUWMJA HACTAJE Y JIAKTALUWNIN —NPBE
TP HEAEJBE NAKTALWIJE (nonoBuHa MHQeKLMja HACTaANX Y
NlakTaunjn, NpeHocu ce y HOBY s1akTaLujy)



METOAE 3A OAPEBMBAKE BPOJA COMATCRKUX RE/INIAY
| M/IERY ’

s = - —— - ————— o — — - -

0 AMPEKTHO MMKPOCKOTCKO OAPEBMBAHE EPOJA
COMATCKMX RE/IMJA

d MACTUTUC TECT, Whiteside TECT

J MOMOTRY CIEUMIA/THUX ATTAPATA



MACTUTUC TECT
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[TPOI'PAM 3A CY3BUNJARE MACTMTMCA

E——

0 EKOHOMCKM OMPAB/AAH
0 NMOKA3YJE BUA/bMBE PE3Y/ITATE
3 /IAKO NMPUMEHMB

1 OXPABPYJYRU 3A PAPMEPE



OCHOBE MPOrPAMA 3A CY3BUJAHE MACTUTHUCA

— e

A.CKPAREHE TPAJABA MHOEKLNIE
B. PEAYKOBAKE NOJABE HOBUX MHPEKUWIA

C. MPAREWE CTOIE NOPACTA UHPERLUNJA



CHPA-FIEHDE TPAJABLA UHOEKLUMIA

d /IEMEHE Y TAKTALMIN
L TEPAMMIA Y 3ACYLLUERY

J NCK/bYYUBAKE M3 MPON3BOAHE KPABA CA
- XPOHUYHUM KANHUYHRUM MACTUTUCUMA



N3B0P IMPOITPAMA 3A CY3BUJAHE MACTUTUCA

e —————

O TEPAINWIA CBUX KPABA 'Y SACYLWERY MPUMERYJE CE CAMO ARO:

— MPOLEHAT MHOULMPAHUX YETBPTU BERM O/4
- BPOJ COMATCKUX RE/IMJAY M/NIERY BERU O/

- CPEAHA BPEAHOCT BPOJA COMATCKMX RE/ZIMJA Y M/IEKY BERA o4

- ARO MMA 4 n BULLUE KIUHNYKUX MACTUTNCA HA 100 KPABA



PEAYKLIMJA MOJABE HOBUX MHOEKLMJA

et = - ——

a XUTUIJEHA TIPU MYHRHA

- AESUHOEKLUMIA NANW/IA NPE MYXKE (macTutucu
y3pOoKoBaH1 MO 13 OKO/IMHE)

— AEBUHPEKUMIA CUCHUX YALLA NOCIE MYKE
CBAKE KPABE - MEBY®PA3SHA AESUHPEKLNIA

- AESUHOERKUWMIA NMATNTN/A NOC/IE MYKE



OESUHOEKLMIA TAMUIA ﬁOC)’IE MYXE

e —————

a AESUHOUUMIEHC 3A MOTAMAHE NMAMNWAA NOC/E
MY E: ~

- He cMe Aa owTehyje KoKy nanuaa |
— MOTNOMa)e CaHupame /s1e3uja Ha nanu/1ama

— YHULITaBa CB€ Y3pOYHUKE MACTUTUCA HA Nann/iu
noc/ie My»xe

— MMa NpoAYXeHO Ae/10Batbe 1 CripeYvyaBa
KOHTaMWHaLUMjy BUMEHa nsmehy ase myxe

— He yTMYEe Ha XUTNjeHCKY MCAPABHOCT M/IEKA



_ AE3MHOEKLMJA
NAMNW/IA NOC/E
MYKE

[IPUBOP 3A AESUHPERLNJY NATN/IA




The 5 Point Plan

1. Teat disinfection - after every milking
2. Antibiotic drying off - dry cow therapy

3. Prompt antibiotic therapy -clinical cases

4. Culling cows - with repeated cases

S. Milking machine maintenance
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Figure 6. New Zealand leaflet (MAF, 1974)




U3B6OP MPOI'PAMA 3A C)BBVIJAPbE MACTUTUCA

e —————

. TEPATIVJA Y 3ACYLLERY P MHPERLIVIA Y CTAAY 15-18%

Il. TEPANIUJAY 3ACYLLERY, AE3UHOEKLMIA MANUIA NOCAE MYKE,
" KOHTPO/IA MALLIMHA 3A MY*KY i HUBO UHPEKLMJIE
Y CTAAY [10 10%

1 TEPATTWIJAY 3ACYLLUERY, AESUHOERKUWIA MMTATTU/A IMPE U TTOC/IE
MY*E; KOHTPO/1A MALLIMHA 3A MYHY, NEHERE CYBR/IMHUYRKUX
MACTUTUCAY 3ACYLLUERY = HMBO MHOERKUNIEY CTAAY

A0 7%

Q Y CBA TPY MPOTPAMA KAMHUYKM MACTUTUCK CE /IEYE Y
/IAKTAUNIN, A KPABE CA XPOHUYHUM UHPERLUMIJAMA BUMEHA
CE UCK/bYYYJY 13 [MPON3BOAHE
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