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Abstract

Mastitis is a significant concern in dairy farming, noted for its economic and animal health
consequences such as reduced milk production, decreased milk quality and increased culling
rates. This thesis investigates the prevalence and management of mastitis in a selected number
of Norwegian dairy herds, focusing on antimicrobial resistance (AMR). Five farms using
automatic milking systems (AMS) were selected and investigated via structured interviews and
milk sample analysis from the Norwegian mastitis laboratory in Molde, identifying the bacteria
responsible for the infection and existing prevention methods from the farmers. Findings
identified Staphylococcus aureus as the primary pathogen in the investigated farms, suggesting

a need for improved epidemiological measures and better farm hygiene practices.

The research emphasises the Norwegian and European prudent use standards as an important
approach to reducing antimicrobial usage while maintaining good udder health. On the other
hand, the deficiencies in farmers' understanding of disease transmission and the non-antibiotic
interventions such as internal teat sealants were recognised. Recommendations on these specific

farms include increased farmer education regarding biosecurity and pathogen profiles.



Absztrakt

A tégygyulladas jelentds probléma a tejeld tehenészetekben, gazdasagi €s allat-egészségligyi
kovetkezményei miatt, mint példaul a tejtermelés csokkenése, a tej mindségének romlésa és a
selejtezési ardny ndvekedése. Ez a dolgozat a tégygyulladds prevalencidjat és kezelését
vizsgalja néhany norvég tejelé allomanyban, az antimikrobialis rezisztenciara (AMR)
osszpontositva. Ot robotizalt fejési rendszert (AMS) hasznalod gazdasagot vélasztottam ki és
mértem fel kérdéivek és a moldei mastitis laboratoriumban elvégzett tej mikrobioldgia
vizsgalatok segitségével, azonositva a fertdzésért felelds baktériumokat és a gazdalkodok altal
hasznalt megel6zési modszereket. Az eredmények a Staphylococcus aureus-t azonositottak az
elsddleges korokozoként a vizsgalt gazdasagokban, ami arra utal, hogy jobb jarvanyvédelmi,

megeldz6 intézkedésekre €s jobb farmhigiéniai gyakorlatokra van sziikség.

A kutatas hangsulyozza az antibiotikumok feleldsségteljes felhasznalasanak norvég és eurdpai
unids eldirdsait, amelyek fontos 1épést jelentenek az antimikrobialis szerek hasznélatdnak
csOkkentésében a tégy jO egészségének megdrzése mellett. Méasrészt azonositottam a
gazdalkodok valtozd mértékli tijékozatlansdgat a betegségek terjedésével és a nem
antibiotikumos beavatkozédsokkal kapcsolatban. Ilyenek voltak példaul a szarazra éllitaskor
alkalmazott tégyzard készitményekkel kapcsolatos ismeretek, illetve azok nem kielégitd volta.
Az ezekre a konkrét gazdasagokra vonatkozd ajanlasok kozé tartozik a gazdalkodok
fokozottabb oktatdsa a tégypathogén korokozok tipusaival €s az elleniil vald hatékony

védekezéssel kapcsolatban.
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1. Introduction

Mastitis is commonly ranked as the most important disease of dairy cattle, causing huge
economic repercussions due to poor milk quality, reduced milk yield, discharge of milk
containing antibiotic residues and increased culling rates for uncurable cows. Additionally, the
treatment of mastitis accounts for the most significant proportion of antibiotics used in dairy
cattle farming, and it is essential to address this in conjunction with drug expenses, veterinary
services and treatment failures. Estimating the total cost of mastitis is frequently challenging

due to the numerous factors contributing to the loss [1-4].

Addressing mastitis through effective management practices is important, not only to improve

the productivity of the farm but also as a concern for public health [5, 6].

Norway implemented strict rules for antibiotic use years ago, and in this thesis, five Norwegian
farms were investigated with a main focus on prevalence, farm profile of bacteria and

preventative measures.



2. Literature review

2.1 Mastitis and aetiology of mastitis

Mastitis is caused by different mechanisms, including physical damage, chemical irritation, or,
most commonly, infectious origin, mainly bacteria but also algae, fungi or yeast. The clinical
signs and reservoir of the pathogens are used to classify mastitis as well as the affected area of

the udder. [7]

Epidemiologically, mastitis can be divided into contagious and environmental depending on the
reservoir and form of transmission. Contagious mastitis pathogens consist of bacteria such as
Staphylococcus aureus, Streptococcus agalactiae, Mycoplasma spp. and Corynebacterium
bovis. These pathogens can be transmitted from cow to cow with equipment, contaminated
hands, and inadequately cleaned materials [8, 9]. Environmental bacteria constitute the bacteria
found in faeces, soil, bedding material and water sources, such as Escherichia coli,
Streptococcus uberis and Klebsiella spp [10]. There is also literature about bacteria being both
contagious and environmental, in particular Streptococcus dysgalactiae which can be persistent

on a farm, or spread from cow to cow. [11-13]

Based on clinical signs and severity of the infection mastitis can be divided into clinical and
subclinical mastitis. Clinical mastitis is used to classify disease with visibly abnormal milk with
one or more of the fundamentals of inflammation “tumor, rubor, calor, dolor et functio laesa”
which is the canonical description of the visual changes seen. In case of mastitis this manifest
in changes of colour, the presence of clots and flakes, or other changes in the udder such as
swelling, heat, pain or redness [14, 15]. The principal microorganism responsible for clinical
mastitis are S. aureus, E. coli, Klebsiella spp., S. uberis and S. dysgalactiae [16]. Clinical
mastitis can be further categorised based on the severity of the inflammation as sub-acute, acute,

peracute or chronic.

Sub-acute mastitis is characterized by a mild and gradually developing inflammation. Variations
from the healthy udder are small and often results solely in decreased milk production and
minor microscopic alterations of the milk. Flaky particles may be seen during fore-stripping.

[17]

Cases of acute clinical mastitis are characterized by prominent symptoms of udder
inflammation, including swelling, redness along with alterations of milk such as changed
consistency and appearance. Furthermore, fever is common, and the sensitivity of the udder

skin and tissue are increased. [18]



Per-acute clinical mastitis on the other hand is the more serious form of mastitis often associated
with anorexia, shock and death. This form commonly destroys large parts of the udder tissue

leading to pain, fever, depression and eventually death. [12, 19]

Chronic mastitis is usually a result of inflammation lasting several weeks to months caused by
inadequate treatment of acute mastitis. In case of chronic mastitis, the udder typically have
fibrous indurations and may become firm. Treatment of these cases are particularly challenging
due to a combination of factors related to the biology of the disease and the nature of pathogens
involved. Bacteria such as S. aureus and S. uberis are capable of forming biofilm, a protective
layer of polysaccharides and proteins shielding bacteria from the immune system and

antimicrobial treatment. [20, 21]

On the other hand, subclinical mastitis does not exhibit any systemic symptoms or visible local
inflammation. Furthermore, it is thought to cause more economic losses for the farmer than
clinical mastitis aggravated by the lack of symptoms making the diagnosis more difficult [22].
The treatment of subclinical mastitis also differs from clinical mastitis as this is not treated
during the lactation, but rather at drying off with selective dry cow therapy. Prudent use
guidelines have been developed in veterinary medicine and the key elements in the EU is to
identify the pathogen causing mastitis to avoid unnecessary treatment both during lactation and
at drying off, as well as implementing strategies and good farm practice to decrease the spread

and development of mastitis. [23]

The prevention of mastitis, especially environmental is based on hygiene of the farm, and
specifical parameters to discuss is the moisture, temperature and air flow. High humidity and
especially pooling of manure and dirt gives high chances of environmental bacteria to grow. On
the other hand, the prevention of overcrowding is crucial, and adequate clean and dry bedding
regardless of housing systems. The manure handling is also of essence, especially in the laying

areas where the udder is in contact with the environment. [24].

The udder is suspended from the median and lateral suspensory ligament originating from the
pelvis, and each of the four quarters has its own parenchymal tissue functioning as a separate
gland. The parenchymal tissue consists of alevoli, ducts and connective tissue. Milk production

occurs in the alveoli where it drains into smaller ducts, larger ducts and gland cistern. The gland



cistern empties into the ventrally located teat cistern. (Figure 1) [25, 26].
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Figure 1: Anatomy of the udder, labelled [25, 27]

The rosette of Furstenberg at the teat end is the first line of defence against pathogens, and
servers as a barrier preventing milk to be let out and infective against to enter. However the teat
end stays open between 30 minutes and 2 hours after milking making the udder susceptible to
intramammary infections [12]. At drying off a keratin plug is formed which acts as a barrier of
first line physical defence during the whole dry period. However, the production of a fully
developed keratin plug is variable, and literature suggests that several days are needed. In
addition, high-yielding dairy cows have higher chances of not producing a functional keratin
plug several weeks after drying off. [28, 29]. Literature suggest as high as 25% of teat ends

remain open up to six week after drying off [30].



To compensate for the absence of a natural keratin plug, internal teat sealant products are
available which can reduce the risk of developing intramammary infections by over 70%. Teat
sealants function by minimizing bacterial invasion into the teat canal and cistern. Additionally,
these products can be used in conjunction with intramammary antibiotic infusions if milk

sampling results indicate a necessity for such treatment. [31, 32].

There are multiple tools to detect mastitis, and in conventional milking systems the farmer is
key in the essence of forestripping which will help to identify clinical mastitis and other
abnormalities. Other on-farm screening methods are also commonly used to investigate somatic
cell count (SCC) such as the California Mastitis Test (CMT) which provides a qualitative result
on the severity of the inflammation but does not identify the underlying cause. Increased SCC
are correlated with the presence of mastitis [15]. Built-in most automatic milking systems
(AMS) the electrical conductivity measures the Na™ and CI- and these parameters increases in
case of mastitis and is influenced by the udder health status of the cow [33]. Forestripping, SCC
and electrical conductivity measurement can help the farmers to select the correct cow for
required sampling and treatment. With laboratory testing of the specific pathogen causing
mastitis, the decision of treatment, or not treating at all should be done in accordance with

general guidelines.

2.2 Norwegian guidelines for treating mastitis

This is a summary of the Norwegian guidelines for treating mastitis found in the Norwegian

Medical products agency. [34]

General Guidelines

The recommendations focus on infections of significant importance in cattle where antibacterial
treatment is applicable. The goal is to limit the use of antibacterial agents, and treatment should
only be used for animals that have undergone thorough diagnostics and where an effect from
antibacterial treatment can be expected. The development of resistance is prevented through
proper use, and critically important antibiotics for humans should be avoided. The European
Medicines Agency (EMA) recommends the use of as narrow-spectrum agents as possible and
local treatment where feasible. For instance, intramammary applications are considered to drive

less resistance than systemic treatment in cases of mastitis [35]

It is crucial to emphasize disease prevention. When an infection manifests as a herd problem,
antibacterial treatment should only be part of a comprehensive plan to reduce the incidence of

infections. Environmental and individual preventive measures must be central to such a plan.



Additionally, biosecurity is critical, both when purchasing animals and through the use of a

hygiene barrier for personnel entering the farm.

Udder

Diagnostics

It is recommended to take individual quarter samples for bacteriological examination and
resistance sampling in connection with all mastitis treatments. Bacteriological diagnostics and
resistance determination should be performed at a quality-assured laboratory. Knowledge of the
agent and resistance in the individual herd should guide the choice of therapy. When treatment
of clinical cases of mastitis is initiated before laboratory diagnosis is available, gram staining
and microscopy of mastitis secretion smears can be performed to distinguish between gram-
positive cocci/bacilli and gram-negative bacilli. The choice of treatment depends on clinical

status, lactation stage, prognosis, and possibly knowledge of bacteriological diagnosis.

Bacteriological Findings

In Norway, most clinical mastitis cases are caused by gram-positive cocci sensitive to
benzylpenicillin procaine. The most common bacteriological findings in glands with clinical
mastitis in 2020 were: Staphylococcus aureus (28%), Streptococcus dysgalactiae (10%),
Trueperella pyogenes (8%), Streptococcus uberis (7%), coagulase-negative staphylococci
(CNS) (5%), and Streptococcus agalactiae (<1%). 20% of the isolates were coliform bacteria,
and 0.7% of the isolates were penicillin-resistant S. aureus [36]. The main causative bacteria
for subclinical mastitis are S. aureus, CNS, and streptococci [37]. Compared to isolates from
clinical mastitis, the proportion of penicillin-resistant S. aureus isolates is somewhat higher.

The occurrence of penicillin resistance varies between different CNS species [36]

Treatment Outcomes

Healing clinical mastitis after initial treatment with an intramuscular injection of
benzylpenicillin procaine followed by benzylpenicillin procaine intramammary for four days
has been shown to be around 75%. Healing depends on the bacteria and varies from around

30% for glands infected with S. aureus to 90% for infections caused by Str. uberis [38]

Severe and moderate clinical mastitis

Definition: mastitis with one or more classic signs of inflammation in the udder (swelling, pain,
heath, redness). Visible signs of illness such as elevated temperature, decreased appetite, and

depression may be present. The milk is usually altered [39]
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Treatment

To ensure animal welfare, it is necessary to initiate treatment at an early stage, often before an
exact bacteriological diagnosis is available. Unless microbiological results from previous cases
of severe and moderate clinical mastitis suggest that the herd deviates significantly from the
country otherwise, it should be assumed that the cause is a penicillin-sensitive bacterium.
Benzylpenicillin procaine as an intramammary infusion is used as the first choice unless there

is a high likelihood that a penicillin-resistant bacterium is present.
Penicillin sensitive bacteria

For severe clinical mastitis, an initial intramuscular injection of benzylpenicillin procaine is
given in addition to intramammary applications. The MIC for relevant penicillin-sensitive
bacteria in Norway suggests that a dosage of 20,000-30,000 IU per kg is appropriate. A
sufficiently high dose should be administered. Subsequent treatment involves intramammary

administration of benzylpenicillin procaine for an additional 3-4 days.

Preliminary results from a Norwegian therapy trial in 2020-2021 indicate that S. aureus
responds poorly to only intramammary treatment, even in cases of moderate clinical mastitis
without general distress. In herds with a good overview of the agents causing clinical mastitis,
the initial intramuscular injection can be omitted if it is unlikely that S. aureus is the cause of
the problem. Treatment can then be limited to benzylpenicillin procaine intramammary for 3-4

days.

After day 1, there is no demonstrated additional effect of supplementing intramammary
treatment with further systemic treatment with benzylpenicillin procaine [40].For instance, in
cases of teat trauma, it might be appropriate to replace intramammary treatment with systemic

treatment.

If Str. agalactiae is detected, a systematic mapping and control of this bacterium in the herd
should be initiated. If treatment is deemed necessary, benzylpenicillin procaine is used. St

agalactiae generally responds well to treatment with intramammary agents.

T pyogenes can cause mastitis in lactating cows and is then treated with benzylpenicillin
procaine. In cases of summer mastitis in non-lactating animals, where 7. pyogenes is most
frequently detected, the mastitis is often chronic and incurable. The prognosis for recovery of
the gland is quite poor meaning that treatment with antibiotics should only be considered for

animal welfare reasons.
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Penicillin-Resistant Staphylococci

If culturing shows that the cause is penicillin-resistant S. aureus, the choice of antibiotics is
limited. Treatment of mastitis caused by penicillin-resistant S. aureus generally yields very poor
results [38, 41]. Culling should be considered at an appropriate time in the lactation if a

subsequent sample still shows penicillin-resistant S. aureus.

Attempted treatment may include intramammary agents with amoxicillin and clavulanic acid.
Trimethoprim-sulphonamide can be used experimentally for systemic treatment, but the

efficacy of such treatment is uncertain.

Gram-Negative Bacteria

If the cause of mastitis is gram-negative bacteria (most commonly Escherichia coli), treatment
with antibacterial agents provides minimal or no additional effect beyond that handled by the
udder’s own defence [42, 43]. Therefore, as a rule, the use of antibacterial agents is not
recommended for coliforms. The same applies to other gram-negative agents, such as Klebsiella
spp. Supportive therapy such as fluid therapy, pain management, and milking out may be

necessary to reduce the effects of endotoxins and prevent dehydration.

Supportive Treatment

NSAIDs should be considered for all animals with clinical mastitis. NSAIDs have shown an
anti-endotoxic effect in some experimental studies if the treatment is administered at an early
stage of the infection [44]. In animals experiencing pain and distress, mild sedation may be
useful before examination. In cases of severe and moderate clinical mastitis, it has been
recommended to frequently empty the affected gland. However, scientific evidence for the
effectiveness of frequent milking and the use of oxytocin on the clinical and bacteriological
recovery of the gland is limited. Nevertheless, this type of supportive treatment may be sensible
from an animal welfare perspective. Moderate hypocalcaemia can occur due to endotoxin effect
[45, 46]. Cautious intravenous infusion of calcium may be considered, but the dose should be
lower than that recommended for milk fever [47]. Fluids should be administered to dehydrated

animals.

Mild clinical mastitis

Definition: mastitis with visibly abnormal milk and/or chronic changes in the udder. Signs of
severe and moderate mastitis such as swelling, pain, heath, or redness in the udder or visible

signs of illness are absent in cows with mild clinical or chronic mastitis [39]
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Treatment

In cases of mild clinical mastitis, it may be advisable to wait for the results of bacteriological
culturing before initiating treatment. If mild clinical mastitis is a problem in the herd, the

treatment should be part of an eradication plan.

In cases with evident chronic clinical symptoms (atrophy, fibrosis, reduced production) and
high cell counts (above 600,000 cells/mL on average) for a longer period, there is no point in
treating the gland with antibacterial agents either during lactation or in the dry period. The gland
should be dried off or the cow culled. If there are no clear gland changes, treatment may be
considered but samples for bacteriological examination should be taken before initiating
antibacterial treatment. If S. aureus is detected, the prognosis is poor, and there is little point in
treating during lactation. If St dysgalactiae is detected and the herd is actively working to
control it, treatment during lactation may be appropriate — in this case, with benzylpenicillin
procaine. If other bacteria, such as CNS are detected it is generally not appropriate to treat with
antibacterial agents. If Str. agalactiae is detected an eradication plan should be initiated to

control the bacteria on a herd level. [34]

Subclinical mastitis

Definition: inflammation of the mammary gland that is not visible and requires the use of
diagnostic tests to be detected. The most common tests include examination and evaluation of

the cell count, such as the California Mastitis Test (CMT) or similar [39].

Treatment

In cases of subclinical infection during lactation, it is doubtful whether any potential therapeutic
effect justifies the costs associated with treatment and milk withdrawing period. If treatment is
considered milk samples must be taken for microbiological examination. If Str. dysgalactiae is
detected and the herd is actively working to control it, treatment with benzylpenicillin procaine
may be appropriate. If Str. agalactiae is detected, systematic mapping and eradication of this

bacteria should be initiated.

If many cows in a herd have subclinical mastitis the herd should be investigated to identify and
possible correct the causative factors. If the bulk milk tank somatic cell count is increased to
such degree it results in deduction in quality and several cows have high cell counts in one

affected gland the removal of individual gland can be considered an immediate measure.
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Treatment at Drying Off

Definition: a treatment based on milk sampling or cell count examinations, etc., initiated in

connection with drying off [39].

Bacteriological Examination of Candidates for Dry Period Treatment

Bacteriological examination of milk samples should always be conducted before dry period
treatment. Samples should be taken as close to drying off as practically possible. Candidates
for bacteriological examination are identified by assessing cell counts in the last part of

lactation.

Treatment

Treatment depends on the prognostic assessment and bacteriological findings. The prognosis is
poor if chronic clinical changes are present, or if the cow’s cell count has been over 500,000 to

600,000 per mL in several measurements before drying off.

If S. aureus, Str. dysgalactiae, Str. agalactiae, or Str. uberis is detected in one or more glands

and the prognosis is considered good, treatment at drying off is appropriate.

A pure penicillin preparation intended for use at drying off is preferred if it becomes available
in Norway. Currently available dry period preparations include benzathine penicillin combined

with penetamat hydroiodide and framycetin sulphate or cloxacillin benzathine.

EMA’s AMEG categorization of antibiotics suggests that framycetin should be used more
cautiously than cloxacillin. Cloxacillin is a beta-lactamase-resistant penicillin (narrow-
spectrum/group D), while framycetin is an aminoglycoside (broad-spectrum/group C) [48].

Systemic treatment is not necessary for dry period treatment.

Due to the relatively high frequency of new infections at drying off, it cannot be ruled out that
new glands may become infected after the samples are taken [49]. This is especially true for
streptococci. Therefore, it is recommended that all glands are treated simultaneously at drying
off. An international literature review shows no increase in resistant bacteria with the use of dry

period preparations [50].

Cows that have been treated during the dry period should be followed up in the next lactation,
for example with a milk sample for bacteriological analysis about one week after calving. Cows
that still have an infection and high cell count are advised to be culled at an appropriate time in

lactation.
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Penicillin-Resistant S. aureus

Since the result of treatment generally is poor for infections with penicillin-resistant S. aureus
culling should be considered after bacteriological examination in the next lactation. First choice

dry period preparation if you decide to treat contains cloxacillin benzathine.

Removing/Letting Go of a Lactating Gland

A lactating gland with chronic clinical changes and reduced performance should as a rule, be
removed without the use of antibacterial agents. The same should be done with glands with
persistently high cell counts. In the case of a severe, acute teat injury, the risk of mastitis is
greatly increased, and it may be appropriate to combine removal with antibacterial treatment

(systemic or local). Benzylpenicillin procaine is the first choice [51].

In addition to the recommendations from the Norwegian Medical products agency there are

some additional recommendations from TINE concerning the dry cow therapy.

e All cows with clinical mastitis in the lactation should be sampled for bacteriological
examination before drying off.

e All cows with geometrical mean somatic cell count above 100 000 cells/ml should be
sampled before drying off.

e All cows infected with Staphylococcus aureus, Streptococcus dysgalactiae or
Streptococcus agalactia should receive dry cow therapy.

e Sample all cows treated at drying off 6 days after parturition. Cows with persistent high
somatic cell count should be culled.

e Check the milking equipment and milking routine regularly.

e Do body condition scoring and check energy balance of the food throughout the
lactation period.

e Do not give mastitis milk as fodder for calves.

These general guidelines are also accompanied by the prevalence of mastitis in Norway, which
can be summarised in Table 1 where the udder health is assessed as either good, average or bad

which serve as an indicator for the farmer to determine their herd’s health compared to national

data.

Good udder health | Average Bad udder health
Mastitis per
year (cow/year) | <0.06 0.15 >().28

Table 1: mastitis per cow/year, udder health scoring.[34]

15



2.3 The Norwegian standard of farming

The most common breed in Norway is the Norwegian Red Cow, a dual-purpose breed
producing both milk and meat for human consumption carefully selected genetically
accustomed to the Norwegian demands for farming. In 2022 as high as 84.3% of the newborn

heifers were NRC [52, 53].

For the last two decades the Norwegians farms have gone through large changes mainly due to
a new regulation in 2004 changing the structure of dairy farming and animal welfare. The
Norwegian Ministry of Agriculture and Food encouraging farmers to transit from tie-stall
structure to free-roaming by prohibiting tie-stalls housing from 1. January 2034. In addition
Norwegian cows have a mandatory period of 8 weeks on pasture in the summer months to

ensure cows being allowed to express natural behaviour and free movement [54].

The average milk yield per cow for NRC is 7926 kg, with low cell counts on average 61 000
SCC/ml. Even though the average cell count is low, mastitis is responsible for 1/3 of all
veterinary interventions in dairy herds, but the trends for the last 10 years shows a reduction of

20% in the use of antibiotics per cow [55, 56]

The Norwegian Red Cow (NRC) has an extensive and excellent breeding history of which The
Norwegian Dairy Herd Recording system (NDHRS) started by local farmers in 1898 featuring
an organised recording of milk yield. NDHRS is a system of data collection also used today
certified by ICAR. This system is available for all dairy farmers in Norway and approximately
97% of dairy farmers participate in the herd recording system today. In this data system all
treatments from veterinarians are recorded with diagnosis and drugs, inseminations, embryo
transfers, pregnancy checks also including registration from the Al-technicians. Advisors
register conformation traits on heifers and cows, laboratory register the milk quality and
quantity, claw trimmers register claw health, and the slaughterhouse register data of the carcass.
This all together gives a huge data collection on individual and herd level and can give both
veterinarians, advisors, and farmers a better picture on herd status, quality of breeding values
as well as ensuring better breeding goals such as better udder health, milk quantity, claw health,
fertility and temper of the animals [56, 57]. To become a member of the NDHRS there are a
few criteria needed to fulfil, such as milk sampling including measurement of the composition
of milk, cell count, culturing and measurement of milk yield within a certain time frame during

the year. [58].
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The breeding goals for the NRC has a broad spectrum of important traits and is reflected as
animals giving good economical yield for the farmer and still ensuring good animal welfare.
Lately a larger focus on sustainability and climate has arisen and since the NRC is a dual-
purpose breed this will give meat and milk for less food, less waste, less water usage and the
emission per kilo produced meat and milk is lower than the specialized breeds. In addition this
gives an excellent usage of Norwegian resources [59]. The two top priorities in the selection
process of genetic potential as for 2023 is milk (23%) and udder (27%) which emphasise the
interest in decreasing the occurrence of mastitis in the Norwegian herds and is continuously
monitored through GENO [60]. GENO is the breeding association continuously monitoring
NRC and distribute cattle genetics including semen and embryos to farms both internationally
and domestically with their slogan “Breeding for a better life”. NDHRS and GENO operate

independently from each other, but collaborate and share data to advance breeding goals [61].

From a research project with two different breeding lines of NRC, one line containing cows
bred solely for high milk yield and the other containing healthy individuals selected based only
on prevalence of mastitis. The sole breeding against mastitis yielded good results and after only
five generations the genetic difference between the two groups were 10 percent points in clinical
mastitis. On the other hand, the selected breeding also show a decrease in occurrence of ketosis
and retained placenta which are commonly seen together with mastitis and other diseases. This
shows that specific breeding not only for milk yield but against diseases are important to create
sturdy cows with decreased susceptibility against diseases and illnesses [62, 63]. High yielding
Holstein-Friesian cows does also appear to be more susceptible to mastitis and other illnesses
than medium-yielding cattle, such as the Jersey. [64, 65].The estimated genetic relationship

between milk output and mastitis in dairy cattle reinforce this hypothesis [66].

2.4 Antimicrobial resistance and surveillance systems

Antimicrobial resistance (AMR) represents a complicated global health challenge that extends
beyond individual bacterial species, including a complex network of gene exchanges across the
microbiomes of animals, humans, and the environment. This interconnection facilitates the
transfer of antimicrobial-resistant genes among varied bacterial communities, thereby

exacerbating the threat of AMR [67].

A study identified multiple examples of resistant genes in soil which exhibited 100% homology

to those present in clinical isolates. The study presents strong proof for horizontal gene transfer
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occurring between soil bacteria and pathogens, however, does not clarify the specific direction

of this transfer. [68]

Farm animals is on the other hand utilize a large quantity of antimicrobials, and the essential
questions is the potential risks to human health and the extent of those risks. Surprisingly above
70% of global usage of antimicrobials is estimated to be used in livestock, and it is crucial to
obtain a comprehensive and quantitative grasp of the interactions among various bacteria,
numerous drugs, and multiple resistance factors across different host and environmental settings

[69, 70].

As an example of the rapid spread of AMR from food producing animals to humans, colistin
resistant genes were found in E. coli of pigs in 2013, and it took less than 10 years from first
emerging until global circulation in humans. [71-73]. An examination of a methicillin resistant
S. aureus lineage affiliated with disease in both humans and animals revealed an original
methicillin sensitive strain in the human population, however, during circulation in animals a
methicillin resistant determinant occurred leading to consecutive transfer of the resistant strain
to humans. Subsequent studies demonstrated that transfer of resistant strains was more
prevalent from animals to humans, although instances of human-to-animal transmission were
also observed [74]. However, studies also contradict these findings and definitive conclusions
regarding the directional nature of the transmission remain unclear due to methodological
limitations in the research and more research are needed to clarify the intricate transmissions
dynamics of resistant bacteria across human and food animal populations. The core issue is the
identical or similar AMR bacteria does not convey information about the direction of the
transfer which could be one way, both or neither, potentially originating from other sources
[75]. Even though some is still unclear, it is important to keep in mind the threat of AMR both
in humans and animals to be able to have functional treatment for all species independent of

the source.

There is growing acknowledgement that extensive antimicrobial application in food animal
production may facilitate the emergence of resistance to antimicrobials frequently employed in
human medicine, primarily due to the shared use of prevalent antimicrobials in both food-
producing animals and humans. The application of Highest Priority Critically Important
Antibiotics (HP CIA) in food animal production is regarded with significant apprehension [76,
77]. The relationship between antibiotic usage and resistance in food animals has significant
public health implications for numerous zoonotic pathogens. The human and animal ecosystems

are interconnected concerning various zoonotic bacteria, such as Escherichia coli, enterococci,
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and Staphylococcus aureus. A substantial body of evidence already exists regarding the various
pathways for potential transfer between species of antimicrobial-resistant genes and bacteria,
including through food, direct interspecies interaction, and indirect environmental exposure.

These One Health concerns have driven policy changes, especially within the EU [78, 79].

There are multiple institutions on different levels which combat the surveillance of AMR and
antimicrobial use in general both for veterinary and human medicine. In 2015 the World Health
Organization (WHO) created “Global Action Plan to tackle Antimicrobial Resistance (GAP-
AMR) with the vision “to ensure, for as long as possible, continuity of successful treatment
and prevention of infectious diseases with effective and safe medicines that are quality-assured,
used in a responsible way, and accessible to all who need them” [80]. The same year a
comprehensive and collaborative global effort to standardize AMR surveillance was created by
WHO formally known as Global Antimicrobial Resistance and Use Surveillance System
(GLASS). GLASS aims to foster national surveillance system, harmonize global standards,
monitor global AMR trends, estimate the global burden of AMR, detect emerging resistance,
generate data to assess the impact of intervention, and inform, research and develop new tools
for the prevention, diagnosis, and treatment of infectious bacterial diseases. The scope of
GLASS includes standardized data collection, analysis, interpretation and sharing by
participating countries with focus on monitoring the status of national surveillance systems.
This system is of essence not only to monitor antimicrobial resistance but also to monitor the

antimicrobial consumption. [80, 81]

Health Emergency preparedness and Response Authority (HERA) was launched in 2021 by the
European Commission to prepare the EU for future pandemics and to improve its response to
health crisis and potential health crisis following the COVID-19 pandemic. In 2022 AMR was
identified by HERA as “top three priority health threats”[82, 83]. The United Nations
Environment Programme (UNEP) estimate AMR to be responsible direct and indirect for five
million deaths globally in 2019, while numbers are estimated to rise to 10 million deaths by
2050 which in 2019 was the same proportion of human deaths caused by cancer. In addition to
the detrimental effects on animal and human health AMR also has a large economic impact and
could by the next decade drive 24 million extra people into extreme poverty. [84] These
numbers emphasize the importance of reducing antimicrobial drugs worldwide to reduce AMR

and promote both human and animal health.

The Norwegian Veterinary institute surveils the antimicrobial resistance in animals under the

auspices of NORM-VET. The data collected represent the occurrence of antimicrobial
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resistance the usage of antibiotics in veterinary medicine in Norway. The purpose of NORM-
VET is to describe the connection between antimicrobial usage and bacterial resistance, risk
assessment and to observe the trend and tendency over an extended period. NORM-VET was
already established in 2000 as a part of a government plan to act against AMR and continued
the requirement put down from the EU Commission since 2014 (regulation 2013/652/EU later
2020/1729/EU).

Milk samples from cows in the Norwegian herds are tested by TINE Mastitis Laboratory in
Molde and reported in the Norwegian Dairy Herd Recording system. The laboratory is
responsible for antimicrobial resistance testing on selected isolate as a key role in the

surveillance of antimicrobial resistance in dairy herds [85].

Norway, along with Denmark, England, the Netherlands, Sweden, and Switzerland, showed
low frequencies of resistance to antimicrobials compared to countries like Belgium, France,
Italy, Latvia, and Spain, where many isolates were resistant to multiple antimicrobials tested.
The European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) project
provides data on antimicrobial sales and prescribing patterns in European countries, showing

large differences between countries in terms of antimicrobial usage [86, 87].

3. Objectives

The objective of this thesis is to evaluate the prevalence of mastitis in some Norwegian dairy
herds and to understand on farm level which practices are used to prevent mastitis. Specifically,
the farmers were interviewed about their knowledge of pathogens causing mastitis, mode of
transmission as well as their practice containing the disease. We think that targeted preventative
measures can effectively lower the prevalence of mastitis simultaneously reduce antibiotic use
in dairy sector leading to improved herd health and reduced risk of AMR. This consequently
can result in increased milk production and overall profitability for the dairy farmers. The
importance of this topic is to cover the emerging crisis of AMR, and to study on-farm methods

to decrease the use of antibiotics.
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4. Materials and methods

In this study 5 randomized farms were investigated all using automatic milking system, and

they all answered the following questionnaire.
Questionnaire to farmers
1. What is the prevalence of mastitis in your herd

Do you have a farm profile on which bacteria is most common in your herd?

What is the current practice of preventing mastitis?

Eal

When you get the laboratory report about a specific pathogen who interprets the results

and do you as a farmer actually understand where the specific pathogen comes from —

is it environmental or contagious?

5. If you do not understand the bacterial results who do you ask?

6. What measures to you put in place after a clinical mastitis from an epidemiological point
of view to reduce the spread?

7. Do you use any homeopathic/non-prescription drug which does not contain antibiotics?

8. What methods do you use for dry cow therapy?

The farmers were interviewed separately and without knowledge of other farmers answers, in
addition, the farmers are completely anonymous and selected based on their milking systems
(AMS). Furthermore, only farms sending milk samples regularly were interview for the

possibility to interpret the laboratory results and look at the dominant pathogen.
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5. Results

Farm 1

Number of cows: 68

1. What is the prevalence of mastitis in your herd?

“0.13/year. It differs based on seasonality, in the summer it is more frequent than in winter”

2. Do you have a farm profile on which bacteria is most common in your herd?”

“S. aureus is the most common case of clinical mastitis in my herd which is the one I test. In

the summer the most common is 7. pyogenes”.

3. What is the current practice of preventing mastitis?

“Just the regular, separating the cow, milking by hand and discarding the milk. I take care to
send milk samples regularly before drying off, in addition I always take care if the computer
tells me the SCC is high and try to investigate if I can find any mistakes with the robot, bedding

2

etc.”.

4. When you get the laboratory report about a specific pathogen who interprets the results
and do you as a farmer actually understand where the specific pathogen comes from —

is it environmental or contagious?

“I have not done so much research about the topic, but I prefer asking the veterinarian if there

are any problem.”

5. If'you do not understand the bacterial results who do you ask?

“I usually ask the veterinarian and follow their recommendations without too many questions

asked, I do not really have time for this”.

6. What measure do you put in place after a clinical mastitis from an epidemiological point

of view to reduce the spread?

“First is usually to call the veterinarian, if there are multiple red cows on the computer, I check
the environment and put more shave wood bedding on the laying area and check if the robotic
slatter cleaner is working. The cow is separated into the sick pens, and while getting IM
infusions they are milked either by hand or manual electric milking machine to prevent it from
entering the bulk tank. In some cases I have to milk out by hand, especially the ones caused by

T pyogenes which the robot usually is not able to milk”
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7. Do you use any homeopathic/non-prescription drug which does not contain antibiotics?

“No not any”

8. What methods do you use for dry cow therapy?

“For problematic cows I take a milk sample and the veterinarian help me to choose what is
correct for that particular cow. We treat with Orbenin (cloxacillin) if needed, or just regular

Mastipen (benzyl-penicillin procaine). Most of the cows are not treated at all at drying off”.
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Farm 2

Number of cows 78

1. What is the prevalence of mastitis in your herd

“0.17/year, about once or month in theory but in practice there are more in the summer”.
2. Do you have a farm profile on which bacteria is most common in your herd?

“S. aureus”

3. What is the current practice of preventing mastitis?

“The robot takes care of the most of it but of course I followed results given by the robot and

try to call the veterinarian in time. ”

4. When you get the laboratory report about a specific pathogen who interprets the results
and do you as a farmer actually understand where the specific pathogen comes from —

is it environmental or contagious?

“I know bacteria such as E. coli is from the environment and the big bad one S. aureus is
contagious. We have had some support from Lely trying to find solutions for us to be sure the

robot is not spreading it”.
5. If you do not understand the bacterial results who do you ask?
“The veterinarian or my advisor”

6. What measures to you put in place after a clinical mastitis from an epidemiological point

of view to reduce the spread?

“Separate the cow into sick-pen, and follow her convalescence separately. It is usually not a big

problem”.

7. Do you use any homeopathic/non-prescription drug which does not contain antibiotics?

“NO”

8. What methods do you use for dry cow therapy?

“Some cows are treated at drying off with Mastipen (benzyl-penicillin procaine) but usually

none.”
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Farm 3

Number of cows: 80
1. What is the prevalence of mastitis in your herd

Not very common, sometimes during the summer months I have the Trueperella pyogenes.

Prevalence given by the computer: 0.15

2. Do you have a farm profile on which bacteria is most common in your herd?

“S. dysgalactiae, and it mostly occur during the summer when they are out on their mandatory

summer holiday”

3. What is the current practice of preventing mastitis?

My robot takes care of the most, but of course I follow the computer screen about cleaning the

robot and shaving the udders and tails.

4. When you get the laboratory report about a specific pathogen who interprets the results
and do you as a farmer actually understand where the specific pathogen comes from —

is it environmental or contagious?
“No the more knowledgeable people probably knows”
5. If you do not understand the bacterial results who do you ask?
“My veterinarian is very helpful, and so are my farmer friends.”

6. What measures to you put in place after a clinical mastitis from an epidemiological point

of view to reduce the spread?

“Just the regular, separating the cow, milking by hand, and treating the sick cow with

intramammary infusions given by the veterinarian”

7. Do you use any homeopathic/non-prescription drug which does not contain antibiotics?

No

8. What methods do you use for dry cow therapy?

“Currently none, I’ve had some treated with orbenin (cloxacillin) after the veterinarian

recommended it.”.
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Farm 4

Number of cows 49
1. What is the prevalence of mastitis in your herd

I think I have some more problems with it than others, from NDRHS I can see that I am above
national values in percentage. I have however not explored all my options on what to do since
I am fairly new in this game and just took over this farm from my father. Prevalence given by

the computer: 0.26”

2. Do you have a farm profile on which bacteria is most common in your herd?
“S. uberis is most common”

3. What is the current practice of preventing mastitis?

“I have not any concrete practice, I call the veterinarian which comes out and usually give the

cow injections and I get the intra-mammary infusions to give the cow for 5 days”.

4. When you get the laboratory report about a specific pathogen who interprets the results
and do you as a farmer actually understand where the specific pathogen comes from —

is it environmental or contagious?

“No but I want to learn this and is one of my priorities the second I get some more time around

here”.
5. If'you do not understand the bacterial results who do you ask?
“The laboratory gives out a comment about the bacteria, but I ask the veterinarian”.

6. What measures to you put in place after a clinical mastitis from an epidemiological point

of view to reduce the spread?

“I have started to not give calves milk from cows with mastitis, as well as I am aware of the
fact that I have a contagious mastitis bacterium on my farm. In addition the veterinarian told
me it could be spread by manure and bedding, this makes hygiene more of a crucial aspect, and

I separate the cow.”

7. Do you use any homeopathic/non-prescription drug which does not contain antibiotics?

“No I am not aware of anything here unfortunately”

8. What methods do you use for dry cow therapy?
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“We have tried treating the cows affected with S. aureus with drying off preparations as
recommended by the veterinarian, but I am not sure if it has succeed yet, we will have to wait

and see. Most of the cows are not treated at drying off”.
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Farm 5

Number of cows: 89

1. What is the prevalence of mastitis in your herd

“I don’t have a big problem with it, sometimes I get it but it gets less and less prevalent.

Prevalence on computer: 0.14”

2. Do you have a farm profile on which bacteria is most common in your herd?

“Mostly S. aureus”

3. What is the current practice of preventing mastitis?

“I keep the maintenance schedule as given by the operator for the robot, I monitor the bulk
somatic cell count closely and if there are any alarms or events I try to investigate my problems

as fast as possible.”

4. When you get the laboratory report about a specific pathogen who interprets the results
and do you as a farmer actually understand where the specific pathogen comes from —

is it environmental or contagious?

“No but I know there is a brochure existing about it”

5. If you do not understand the bacterial results who do you ask?

“I have good advisors in TINE, as well as my veterinarian”

6. What measures to you put in place after a clinical mastitis from an epidemiological point

of view to reduce the spread?

“Not much, really. I separate the cow from the rest of the flock, and I do not let her go into the
robot. Instead, I milk her by other means. I usually send a milk sample straight away and call

the veterinarian after it has arrived if there are no severe signs of the cow being ill”.

7. Do you use any homoeopathic/non-prescription drug which does not contain

antibiotics?
“NO”

8. What methods do you use for dry cow therapy?
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“Some cows after milk samples receive antibiotics from the veterinarian as intramammary
infusions at drying off, but not all. Problematic cows I usually send for culling and do not keep

for another lactation.”
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Figure 2: Number of cows and prevalence of mastitis in the inspected herds.

Main pathogens found

= S. aureus S. dysgalactiae S. uberis

Figure 3: Diagram of the main pathogens found in the inspected farms based on milk sampling. S. auerus (3), S. dysgalactiae
(1) and S. uberis (1).

Preventative measures
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All five farms noted that they monitored the somatic cell count closely as preventative

measurcs.

Measures put into action after a case of clinical mastitis
Measures implemented after clinical mastitis
Not feed mastitis milk to calves

Enhance cleanliness of the environment

Milking out by other means than robot _ 3

Figure 5: Measures implemented after clinical mastitis on the investigated farms. All farms were separating the sick cows into
sick pens (5), three of the farms milked out by other means than robot (3), and one farmer focused on enhancing the environment
of the cows by putting wood shavings on the laying area (1). One farmer does not feed the milk from cows with mastitis to
calves.

Dry cow therapy

Dry cow therapy

RN

Selective None

Figure 6: Diagram showing that three of the farms used dry cow therapy for drying off, while two farms used it inconsistently
or not at all.
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6. Discussion/Conclusion

The findings from this study of some Norwegian farms underscore important insight into the
prevalence and management of mastitis. The results highlight Staphylococcus aureus as the
most frequently identified pathogen. This pathogen was dominant on three of the five farms,
aligning with the previous literature from the Norwegian mastitis laboratory, where they
concluded S. aureus to be responsible for 28% from the study in 2020. Since this pathogen is
associated with biofilm production and its contagious nature, it would be beneficial to
investigate further the epidemiological control on these farms and, if necessary, launch
eradication programs. The identification of Streptococcus dysgalactiae and Streptococcus

uberis further broadens the pathogen diversity within these herds.

A noteworthy observation was that all farms investigated were within the category “average”

of the udder health assessment (Table 1).

It is also worth mentioning that multiple farmers were mentioning Trueperella pyogenes as
summer mastitis, which is also mentioned in the Norwegian guidelines for treating mastitis.
Further research is needed to conclude if the increased incidence of this type of mastitis is

correlated with the mandatory grazing period of Norwegian cows during the summer.

Farmers primarily rely on computer monitoring somatic cell count data, but it is not a
preventative measure as most farmers mentioned, but rather a measure and tool to select the

cows with mastitis.

The measures put in place after mastitis differ on the investigated farms. Still, as a rule, all of
the farms separated the affected cow from the rest in the sick pens, reducing direct contact with
healthy animals. Three of the farms milked the cows by other means than the robot in case of
mastitis, which could be an important factor in the spread of contagious mastitis if the cleaning

and maintenance of the robot is inadequate.

While some farmers knew the distinctions between contagious and environmental bacteria,
others relied heavily on veterinarians and advisors to interpret the results. This highlights the
probable need for increased farmer education focusing primarily on pathogens, epidemiology

and biosecurity practices.

Three of the five farms relied on selective dry cow therapy, which is included as a
recommendation in the Norwegian guidelines and aligns with the broader One Health objectives
to minimise antimicrobial use. However, two of the farms did not do anything for dry cow

therapy, which could be advantageous for the farmer in decreasing the chronic carriers of
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mastitis among the herd. Moreover, the usage of internal teat sealants or other homoeopathic
drugs was absent on all examined farms. This suggests a potential for implementation,

especially given their proven efficacy in reducing new intramammary infections.
Recommendations
The recommendations after this study include:

1. Enhance farmer education by closing knowledge gaps regarding pathogen transmission
and biosecurity. This can help farmers make better decision and to create the best

practices for their farm.

2. Utilise the possibility of using non-antibiotic interventions. Increasing awareness and

use of internal teat sealants.

3. Enhancing hygiene protocols: farms with a higher prevalence of mastitis should
prioritise finding the source of the infection, and keep in mind the maintenance and
cleaning of milking equipment. It is also of essence to create a better environment,

especially if the housing is not adequate.

Challenges and limitations of the study

The sample size of five farms limits the broader applicability of results to the wider Norwegian
dairy industry, and the selection of farms that regularly send milk samples may also introduce
bias. Furthermore, the reliance on self-reported data from farmers introduces the potential for

recall bias, which may impact the accuracy of reported practices and pathogen prevalences.

Norwegian farmers benefit from strong veterinary support and national guidelines emphasising
prudent antibiotic use. While these findings are valuable within Norway, caution should be

exercised when generalizing to other countries.

This thesis supports a comprehensive, evidence-based approach to mastitis management
combined with proactive monitoring, selective antibiotic use and enhanced farm hygiene. By
following prudent-use guidelines and adopting preventative measures, dairy farmers can
achieve better herd health, reduce antibiotic use and contribute to the global effort to combat

AMR.

This study reinforces the importance of integrating scientific knowledge with on-farm practices.
Possible further studies should explore a larger and more diverse farm sample to confirm the

findings. It may also be beneficial to conduct a study comparing different countries to gain
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insight into the effectiveness or ineffectiveness of Norway's strict antibiotic policy compared to

areas with less regulation.

Additionally, understanding genetic factors related to the susceptibility of mastitis may also
facilitate more sturdy cows aimed at enhancing disease resistance, as has been shown with the

lineages of NRCs and GENOs continuous breeding program.

Finally, more advanced studies on AMR trends in dairy herds will be essential to assess the
long-term impact, with AMR posing a growing threat to public health. Continuous surveillance
and research are crucial for developing effective, sustainable strategies that benefit both animal

and human health.

7. Summary

Mastitis remains a central challenge in dairy cattle farming, impacting milk quality, quantity
and overall herd health, driving antibiotic use. This thesis investigates the prevalence and
management of mastitis in five Norwegian dairy herds, specifically focusing on reducing
antibiotic use and combating AMR. Through structured interviews with farmers and milk
samples analysis, the study identified Staphylococcus aureus in three of the five farms as the
primary pathogens. Streptococcus dysgalactiae and Streptococcus uberis were also identified.
We also evaluated current preventative measures and on-farm practices that were aligned with

Norwegian Guidelines for prudent antibiotic use.

All farms relied on SCC monitoring via AMS for mastitis detection, but preventative measures
were inconsistent. While most farms separated the cow with mastitis into sick pens, it is thought
that following the guidelines closer would affect the udder health of the farm positively. Three
of the farms utilised selective dry cow therapy in accordance with Norwegian guidelines,
however, two of the farms did not implement any or little dry cow therapy, missing
opportunities to address the chronic carriers of mastitis. Non-antibiotic-containing measures
such as internal teat sealants were absent. This study highlights the importance of integrating
scientific knowledge into on-farm practices and underscores the potential of targeted education

to reduce the prevalence of mastitis and the risk of AMR.

34



10.

I1.

12.

13.

8. References

Viguier C, Arora S, Gilmartin N, Welbeck K, O’Kennedy R (2009) Mastitis detection:
current trends and future perspectives. Trends Biotechnol 27:486-493.
https://doi.org/10.1016/j.tibtech.2009.05.004

Ruegg PL (2017) A 100-Year Review: Mastitis detection, management, and prevention. J
Dairy Sci 100:10381-10397. https://doi.org/10.3168/jds.2017-13023

Neculai-Valeanu A-S, Ariton A-M (2022) Udder Health Monitoring for Prevention of
Bovine Mastitis and Improvement of Milk Quality. Bioengineering (Basel) 9:608.
https://doi.org/10.3390/bioengineering9110608

Heikkild A-M, Nousiainen JI, Pyordld S (2012) Costs of clinical mastitis with special
reference to premature culling. Journal of Dairy Science 95:139-150.
https://doi.org/10.3168/jds.2011-4321

World Health Organisation. Antimicrobial resistance. https://www.who.int/news-
room/fact-sheets/detail/antimicrobial-resistance. Accessed 28 Feb 2024

Azooz MF, El-Wakeel SA, Yousef HM (2020) Financial and economic analyses of the
impact of cattle mastitis on the profitability of Egyptian dairy farms. Veterinary World
13:1750. https://doi.org/10.14202/vetworld.2020.1750-1759

Panchal J, Patel A, Patel S, Goswami D (2024) Understanding mastitis: Microbiome,
control strategies, and prevalence — A comprehensive review. Microbial Pathogenesis
187:106533. https://doi.org/10.1016/j.micpath.2023.106533

Ashraf A, Imran M (2020) Causes, types, etiological agents, prevalence, diagnosis,
treatment, prevention, effects on human health and future aspects of bovine mastitis.
Animal Health Research Reviews 21:36-49.
https://doi.org/10.1017/S1466252319000094

Dekker A Mastitis pathogens in cows: contagious or environmental?
https://europe.pahc.com/blog/mastitis-pathogens-in-cows-contagious-or-environmental.
Accessed 16 Mar 2024

Gomes F, Saavedra MJ, Henriques M (2016) Bovine mastitis disease/pathogenicity:
evidence of the potential role of microbial biofilms. Pathogens and Disease 74:ftw(06.
https://doi.org/10.1093/femspd/ftw006

Wente N, Kromker V (2020) Streptococcus dysgalactiae—Contagious or Environmental?
Animals 10:2185. https://doi.org/10.3390/ani10112185

Cobirka M, Tancin V, Slama P (2020) Epidemiology and Classification of Mastitis.
Animals : an Open Access Journal from MDPI 10:2212.
https://doi.org/10.3390/ani10122212

Streptococcus  Dysgalactiae - an  overview |  ScienceDirect  Topics.

https://www.sciencedirect.com/topics/agricultural-and-biological-
sciences/streptococcus-dysgalactiae. Accessed 4 Nov 2024

35



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Punchard NA, Whelan CJ, Adcock I (2004) The Journal of Inflammation. J Inflamm
(Lond) 1:1. https://doi.org/10.1186/1476-9255-1-1

Mastitis in Cattle - Reproductive System. In: MSD Veterinary Manual.
https://www.msdvetmanual.com/reproductive-system/mastitis-in-large-animals/mastitis-
in-cattle. Accessed 7 Oct 2024

Ibrahim N (2017) Review on Mastitis and Its Economic Effect. Canadian journal of
scientific research 6:13-22. https://doi.org/10.5829/idosi.cjsr.2017.13.22

Christa P (2009) The Effect of Corynebacterium Cutis lysate to control somatic cell counts
in dairy cows. Dissertation. University of the Free State, Bloemfontein
2009.https://scholar.ufs.ac.za/server/api/core/bitstreams/eb 1b0fc8-ccfb-42b1-a267-
3fe75882de07/content Accessed 16. Mar 2024

Siivonen J, Taponen S, Hovinen M, Pastell M, Lensink BJ, Pyorild S, Hanninen L (2011)
Impact of acute clinical mastitis on cow behaviour. Applied Animal Behaviour Science
132:101-106. https://doi.org/10.1016/j.applanim.2011.04.005

Ribeiro MG, Motta RG, Paes AC, Allendorf SD, Salerno T, Siqueira AK, Fernandes MC,
Lara GHB (2008) Peracute bovine mastitis caused by Klebsiella pneumoniae. Arq Bras
Med Vet Zootec 60:485—488. https://doi.org/10.1590/S0102-0935200800020003 1

Peng Q, Tang X, Dong W, Sun N, Yuan W (2022) A Review of Biofilm Formation of
Staphylococcus aureus and Its Regulation Mechanism. Antibiotics (Basel) 12:12.
https://doi.org/10.3390/antibiotics 12010012

Tuon FF, Suss PH, Telles JP, Dantas LR, Borges NH, Ribeiro VST (2023) Antimicrobial
Treatment of Staphylococcus aureus Biofilms. Antibiotics (Basel) 12:87.
https://doi.org/10.3390/antibiotics 12010087

Ranasinghe RMSBK, Deshapriya RMC, Abeygunawardana DI, Rahularaj R,
Dematawewa CMB (2021) Subclinical mastitis in dairy cows in major milk-producing
areas of Sri Lanka: Prevalence, associated risk factors, and effects on reproduction. Journal
of Dairy Science 104:12900—12911. https://doi.org/10.3168/;ds.2021-20223

European Commission. Antimicrobial Resistance (AMR) in the EU/EEA — Factsheet.
https://health.ec.europa.eu/document/download/190841e8-5975-4390-a304-
908c259592ab_en. Accessed 23 Oct 2024.

NADIS Animal Health Skills - Mastitis Part 10 - Environmental Mastitis.
https://www.nadis.org.uk/disease-a-z/cattle/mastitis/mastitis-part-10-environmental-
mastitis/. Accessed 23 Oct 2024

Nickerson S, Akers R (2011) MAMMARY GLAND | Anatomy. In: Encyclopedia of Dairy
Sciences. pp 328-337

Anatomy of the mammary gland, Cornell Cooperative Extension. Dairy Housing and

Equipment Systems Program. https://nydairyadmin.cce.cornell.edu/uploads/doc_113.pdf.
Accessed 10 Oct 2024.

36



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mammary gland: physiology and anatomy - Anatomy of mammary gland.
https://www.groupe-esa.com/ladmec/bricks_modules/brick01/co/ZBO_Brick01 2.html.
Accessed 2 Nov 2024

Vilar MJ, Rajala-Schultz PJ (2020) Dry-off and dairy cow udder health and welfare:
Effects of different milk cessation methods. The Veterinary Journal 262:105503.
https://doi.org/10.1016/j.tvj1.2020.105503

Stone A, Mississippi State Extension Service. Dry-Cow Therapy: Choosing the Best
Protocol for Your Dairy.
https://extension.msstate.edu/sites/default/files/publications/publications/p3290.pdf
Accessed 2. Nov 2024

Dingwell R, Leslie K, Sargeant J, Schukken Y, Timms L (2001) Impact of milk production
and important management factors on the process of dry-off in lactating dairy cows.
Kansas Agricultural Experiment Station Research Reports. https://doi.org/10.4148/2378-
5977.3219

Rabiee AR, Lean 1J (2013) The effect of internal teat sealant products (Teatseal and
Orbeseal) on intramammary infection, clinical mastitis, and somatic cell counts in

lactating  dairy cows: a meta-analysis. J Dairy Sci  96:6915-6931.
https://doi.org/10.3168/jds.2013-6544

Aly SS, Okello E, ElAshmawy WR, Williams DR, Anderson RJ, Rossitto P, Tonooka K,
Glenn K, Karle B, Lehenbauer TW (2022) Effectiveness of Intramammary Antibiotics,

Internal Teat Sealants, or Both at Dry-Off in Dairy Cows: Clinical Mastitis and Culling
Outcomes. Antibiotics 11:954. https://doi.org/10.3390/antibiotics11070954

Norberg E, Hogeveen H, Korsgaard IR, Friggens NC, Sloth KHMN, Levendahl P (2004)
Electrical Conductivity of Milk: Ability to Predict Mastitis Status. Journal of Dairy
Science 87:1099-1107. https://doi.org/10.3168/jds.S0022-0302(04)73256-7

Norstebg H. Ny digital brosjyre om jurhelse. TINE Medlem. https://medlem.tine.no/fag-
og-forskning/ny-digital-brosjyre-om-jurhelse. Accessed 21 Apr 2024

Union PO of the E (2015) Commission Notice &#8212; Guidelines for the prudent use of
antimicrobials in veterinary medicine. In: Publications Office of the EU.
https://op.europa.eu/en/publication-detail/-/publication/202c8681-5813-11e5-afbt-
Olaa75ed71al. Accessed 18 Nov 2024

TINE. Statistikksamling fra Husdyrkontrollen og Helsekortordningen 2021.
https://medlem.tine.no/fag-og-forskning/statistikksamling-for-ku-og-geitekontrollen-
2021/Statistikksamling%20fra%20Husdyrkontrollen%200g%20Helsekortordningen%20
2021.pdf/ /attachment/inline/133d1a86-4a40-4ad4-99a7-
763a128f2faa:34b4dalf931df518be99fedcafb23d07905e32ad/Statistikksamling%20fra
%20Husdyrkontrollen%200g%20Helsekortordningen%202021.pdf. Accessed 28. Feb
2024.

Reksen O, Selverad L, Osteras O (2007) Relationships Between Milk Culture Results and
Milk Yield in Norwegian Dairy Cattle. Journal of Dairy Science 90:4670-4678.
https://doi.org/10.3168/jds.2006-900

37



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Taponen S, Dredge K, Henriksson B, Pyyhtid A-M, Suojala L, Junni R, Heinonen K,
Pyordld S (2003) Efficacy of intramammary treatment with procaine penicillin G vs.
procaine penicillin G plus neomycin in bovine clinical mastitis caused by penicillin-
susceptible, gram-positive bacteria--a double blind field study. J Vet Pharmacol Ther
26:193-198. https://doi.org/10.1046/j.1365-2885.2003.00473.x

Animalia. Nytt referansekodeverk for husdyrsjukdommer i Norge — endringsliste,
02.01.2023.
https://www.animalia.no/contentassets/290271c¢745cf4849a4616193ee21862d/02.01.202
3---nytt-referansekodeverk-for-husdyrsjukdommer-i-norge-endringsliste.pdf. ~ Accessed
02 Nov 2024

Kromker V, Leimbach S (2017) Mastitis treatment-Reduction in antibiotic usage in dairy
cows. Reprod Domest Anim 52 Suppl 3:21-29. https://doi.org/10.1111/rda.13032

Sol J, Sampimon OC, Barkema HW, Schukken YH (2000) Factors associated with cure
after therapy of clinical mastitis caused by Staphylococcus aureus. J Dairy Sci 83:278—
284. https://doi.org/10.3168/jds.S0022-0302(00)74875-2

Suojala L, Simojoki H, Mustonen K, Kaartinen L, Pyordld S (2010) Efficacy of
enrofloxacin in the treatment of naturally occurring acute clinical Escherichia coli mastitis.
J Dairy Sci 93:1960—1969. https://doi.org/10.3168/jds.2009-2462

Persson Y, Katholm J, Landin H, Mdrk MJ (2015) Efficacy of enrofloxacin for the
treatment of acute clinical mastitis caused by Escherichia coli in dairy cows. Vet Rec
176:673. https://doi.org/10.1136/vr.102667

Vangroenweghe F, Duchateau L, Boutet P, Lekeux P, Rainard P, Paape MJ, Burvenich C
(2005) Effect of carprofen treatment following experimentally induced Escherichia coli
mastitis in primiparous COWS. J Dairy Sci 88:2361-2376.
https://doi.org/10.3168/jds.S0022-0302(05)72914-3

Sandstedt H, Larsson L, Kvart C (1984) Effect of E. coli ectotoxin on calcium and
phosphate concentration in serum of dairy cows. Nord Vet Med 36:406—407

Naylor JM, Kronfeld DS (1986) Relationships between metabolic changes and clinical
signs in pregnant sheep given endotoxin. Can J Vet Res 50:402-409

Smith GW (2005) Supportive therapy of the toxic cow. Vet Clin North Am Food Anim
Pract 21:595-614, v. https://doi.org/10.1016/j.cvfa.2005.07.005

European Medicines Agency (EMA). Categorisation of antibiotics in the European Union
— Answer to the request from the European Commission for updating the scientific advice
on the impact on public health and animal health of the use of antibiotics in animals.
https://www.ema.europa.eu/en/documents/report/categorisation-antibiotics-european-
union-answer-request-european-commission-updating-scientific-advice-impact-public-
health-and-animal-health-use-antibiotics-animals_en.pdf. Accessed 18 Nov 2024

Osteras O, Sandvik L, Aursje J, Gjul GG, Jerstad A (1991) Assessment of strategy in
selective dry cow therapy for mastitis control. Zentralbl Veterinarmed B 38:513-522.
https://doi.org/10.1111/1.1439-0450.1991.tb00905.x

38



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

International Dairy Federation (IDF). Animal Health Newsletter No. 11. https://www.fil-
idf.org/wp-content/uploads/2017/09/ Accessed 02. Nov 2024

Direktoratet for medisinske produkter. Terapianbefalinger for storfe (2022).
https://www.dmp.no/veterinermedisin/terapianbefalinger/bruk-av-antibakterielle-midler-
til-matproduserende-dyr/terapianbefalinger-for-storfe#Behandling-ved-avsining-
(helsekortkode-310)--176207. Accessed 21 Apr 2024

TINE Statistikksamling for ku- og geitekontrollen for 2022. https://medlem.tine.no/fag-
og-forskning/statistikksamling-for-ku-og-geitekontrollen-for-2022. Accessed 4 Mar 2024

ICAR. The Global Standard for Livestock Data. https://my.icar.org/stats/list. Accessed 16
Mar 2024

Lovdata. Forskrift om transport av dyr (FOR-2004-04-22-665), Kapittel 6, §32.
https://lovdata.no/dokument/SF/forskrift/2004-04-22-665/KAPITTEL 6#%C2%A732..
Accessed 16 Mar 2024

Veterinerinstituttet. Dyrehelserapporten 2022.  https://www.vetinst.no/rapporter-og-
publikasjoner/rapporter/2023/dyrehelserapporten-2022. Accessed 16. Mar 2024

Norwegian  Dairy  Herd  Recording  System. In:  Norwegian  Red.
https://www.norwegianred.com/research--science/norwegian-dairy-herd-recording-
system/. Accessed 15 Mar 2024

TINE. Husdyrkontrollen. https://medlem.tine.no/gard-og-drift/husdyrkontrollen.
Accessed 15 Mar 2024

TINE. Regler for Kukontrollen og Geitekontrollen. https://medlem.tine.no/hjelp-og-
kontakt/regelverk-og-skjemaer/regler-for-kukontrollen-og-
geitekontrollen/Regler%20Kukontrollen 180701.pdf/ /attachment/inline/7a0b9d00-
e25f-4576-8646-
bdb41c92a70a:a539¢c4185024dbf21e89e79117053d05c4ca3e26/Regler%20Kukontrollen
_180701.pdf Accessed 15. Mar 2024

GENO.  Avlsarbeid.  https://www.geno.no/fagstoff-og-hjelpemidler/fagstoft/avl-og-
avlsteori/avlsarbeid/. Accessed 15 Mar 2024

GENO. Avlsmélet for NRF.. https://www.geno.no/fagstoff-og-hjelpemidler/avlsprogram-
for-norsk-rodt-fe/avlismalet-for-nrf/. Accessed 28 Aug 2024

GENO Snart kan du sende inn GS-prever med melkebilen (2024).
https://www.geno.no/nyheter/snart-kan-du-sende-inn-gs-prover-med-melkebilen/.
Accessed 2 Nov 2024

Heringstad, M. The impact of selective breeding on health traits in Norwegian dairy cattle.
Master’s Thesis. Norwegian University of Life Sciences (NMBU), 2018.
https://nmbu.brage.unit.no/nmbu-
xmlui/bitstream/handle/11250/2505777/Masteroppgave%20Mari%20Heringstad%20201
8.pdf. Accessed 28 Aug 2024

39



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

TINE. Avl for bedre jurhelse virker. https://medlem.tine.no/fag-og-forskning/avl-for-
bedre-jurhelse-virker. Accessed 28 Aug 2024

M S, HA T (2015) A Treatise on Bovine Mastitis: Disease and Disease Economics,
Etiological Basis, Risk Factors, Impact on Human Health, Therapeutic Management,
Prevention and Control  Strategy. Advances in Dairy Research  04:
https://doi.org/10.4172/2329-888X.1000150

Washburn SP, White SL, Green JT, Benson GA (2002) Reproduction, mastitis, and body
condition of seasonally calved Holstein and Jersey cows in confinement or pasture
systems. J Dairy Sci 85:105—111. https://doi.org/10.3168/;ds.S0022-0302(02)74058-7

Costa A, Egger-Danner C, Mészaros G, Fuerst C, Penasa M, Solkner J, Fuerst-Waltl B
(2019) Genetic associations of lactose and its ratios to other milk solids with health traits
in  Austrian Fleckvieh cows. Journal of Dairy Science 102:4238-4248.
https://doi.org/10.3168/jds.2018-15883

Woolhouse M, Ward M, van Bunnik B, Farrar J (2015) Antimicrobial resistance in
humans, livestock and the wider environment. Philos Trans R Soc Lond B Biol Sci
370:20140083. https://doi.org/10.1098/rstb.2014.0083

D’Costa VM, Griftiths E, Wright GD (2007) Expanding the soil antibiotic resistome:
exploring  environmental  diversity. Curr  Opin  Microbiol  10:481-4809.
https://doi.org/10.1016/j.mib.2007.08.009

Van Boeckel TP, Glennon EE, Chen D, Gilbert M, Robinson TP, Grenfell BT, Levin SA,
Bonhoeffer S, Laxminarayan R (2017) Reducing antimicrobial use in food animals.
Science 357:1350-1352. https://doi.org/10.1126/science.aao1495

Balogun B, Sutherland N, Coe S UK Parliament. The use of antibiotics on healthy farm
animals and antimicrobial resistance. https://commonslibrary.parliament.uk/research-
briefings/cdp-2023-0012/. Accessed 18 Nov 2024

Parkhill J (2022) Antimicrobial Resistance Exchange Between Humans and Animals:
Why We Need to Know More. Engineering (Beijing, China) 15:11.
https://doi.org/10.1016/j.eng.2022.04.007

Wang R, van Dorp L, Shaw LP, Bradley P, Wang Q, Wang X, Jin L, Zhang Q, Liu Y, Rieux
A, Dorai-Schneiders T, Weinert LA, Igbal Z, Didelot X, Wang H, Balloux F (2018) The
global distribution and spread of the mobilized colistin resistance gene mcr-1. Nat
Commun 9:1179. https://doi.org/10.1038/s41467-018-03205-z

Liu Y-Y, Wang Y, Walsh TR, Yi L-X, Zhang R, Spencer J, Doi Y, Tian G, Dong B, Huang
X, Yu L-F, Gu D, Ren H, Chen X, Lv L, He D, Zhou H, Liang Z, Liu J-H, Shen J (2016)
Emergence of plasmid-mediated colistin resistance mechanism MCR-1 in animals and

human beings in China: a microbiological and molecular biological study. Lancet Infect
Dis 16:161-168. https://doi.org/10.1016/S1473-3099(15)00424-7

Ward MJ, Gibbons CL, McAdam PR, van Bunnik B a. D, Girvan EK, Edwards GF,
Fitzgerald JR, Woolhouse MEJ (2014) Time-Scaled Evolutionary Analysis of the
Transmission and Antibiotic Resistance Dynamics of Staphylococcus aureus Clonal

40



75.

76.

77.

78.

79.

80.

81.

82.

&3.

&4.

Complex 398. Appl Environ Microbiol 80:7275-7282.
https://doi.org/10.1128/AEM.01777-14

Muloi D, Ward MJ, Pedersen AB, Févre EM, Woolhouse ME, Bunnik BA van (2018) Are
Food Animals Responsible for Transfer of Antimicrobial-Resistant Escherichia coli or
Their Resistance Determinants to Human Populations? A Systematic Review. Foodborne
Pathogens and Disease 15:467. https://doi.org/10.1089/fpd.2017.2411

Aidara-Kane A, Angulo FJ, Conly JM, Minato Y, Silbergeld EK, McEwen SA, Collignon
PJ, Balkhy H, Collignon P, Conly J, Friedman C, Hollis A, Kariuki S, Kwak H-S, McEwen
S, Moulin G, Ngandjio A, Rollin B, Rossi F, Wallinga D, for the WHO Guideline
Development Group (2018) World Health Organization (WHO) guidelines on use of
medically important antimicrobials in food-producing animals. Antimicrob Resist Infect
Control 7:7. https://doi.org/10.1186/s13756-017-0294-9

Landers TF, Cohen B, Wittum TE, Larson EL (2012) A Review of Antibiotic Use in Food
Animals: Perspective, Policy, and Potential. Public Health Rep 127:4-22.
https://doi.org/10.1177/003335491212700103

Kluytmans JAJW, Overdevest ITMA, Willemsen I, Kluytmans-van den Bergh MFQ, van
der Zwaluw K, Heck M, Rijnsburger M, Vandenbroucke-Grauls CMJE, Savelkoul PHM,
Johnston BD, Gordon D, Johnson JR (2013) Extended-Spectrum B-Lactamase—Producing
Escherichia coli From Retail Chicken Meat and Humans: Comparison of Strains,

Plasmids, Resistance Genes, and Virulence Factors. Clinical Infectious Diseases 56:478—
487. https://doi.org/10.1093/cid/cis929

Casey JA, Curriero FC, Cosgrove SE, Nachman KE, Schwartz BS (2013) High-Density
Livestock Operations, Crop Field Application of Manure, and Risk of Community-

Associated Methicillin-Resistant Staphylococcus aureus Infection in Pennsylvania. JAMA
Internal Medicine 173:1980-1990. https://doi.org/10.1001/jamainternmed.2013.10408

Global Antimicrobial Resistance and Use Surveillance System (GLASS).
https://www.who.int/initiatives/glass. Accessed 20 Mar 2024

World Health Organization (WHO). WHO Guidelines on Physical Activity and Sedentary
Behaviour. https://iris.who.int/bitstream/handle/10665/336215/9789240012639-
eng.pdf?sequence=1. Accessed 20 Mar 2024

Directorate-General for Health Emergency Preparedness and Response Authority.
https://commission.europa.eu/about-european-commission/departments-and-executive-
agencies/health-emergency-preparedness-and-response-authority en. Accessed 20 Mar
2024

European Commission. HERA: Health Threats and Medical Countermeasures — Factsheet.
https://health.ec.europa.eu/document/download/18c127ce-dadb-4ede-a27c-
f7b93etb2980 en?filename=hera_factsheet health-threat mem.pdf. Accessed 28 Feb
2024

Norwegian Institute of Public Health (FHI). NORM/NORM-VET 2022: Usage of
Antimicrobial Agents and Occurrence of Antimicrobial Resistance in Norway.
https://www.fhi.no/contentassets/aa83c3de73ba4b8aae4ad1331a64f7df/norm-norm-vet-

2022.pdf. Accessed 07 Oct 2024

41



85.

86.

87.

Norwegian Institute of Public Health (FHI). NORM/NORM-VET 2022: Usage of
Antimicrobial Agents and Occurrence of Antimicrobial Resistance in Norway.
https://www.fthi.no/contentassets/aa83c3de73badb8aac4ad 133 1a64f7df/norm-norm-vet-
2022.pdf. Accessed 07 Oct 2024

More SJ (2020) European perspectives on efforts to reduce antimicrobial usage in food
animal production. Ir Vet J 73:2. https://doi.org/10.1186/s13620-019-0154-4

Hendriksen RS, Mevius DJ, Schroeter A, Teale C, Meunier D, Butaye P, Franco A, Utinane
A, Amado A, Moreno M, Greko C, Stiark K, Berghold C, Myllyniemi A-L, Wasyl D, Sunde
M, Aarestrup FM (2008) Prevalence of antimicrobial resistance among bacterial
pathogens isolated from cattle in different European countries: 2002-2004. Acta Vet
Scand 50:28. https://doi.org/10.1186/1751-0147-50-28

42



