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Intramammary infection (IMI) is one of the major health problems in dairy herds worldwide 

causing economic losses and significantly decreasing milk production and quality. 

Staphylococcus aureus (Staph. aureus) is one of the most prevalent udder pathogens causing 

IMI. The aim of this study was to evaluate the prevalence of Staph. aureus IMI and its 

association to cow somatic cell count (SCC), and daily milk yield (DMY). Data about cow 

composite milk SCC and DMY was recorded once from 253 dairy cows from two Finnish 

dairy herds. The data about mastitis causing bacteria in the cows’ udder quarter milk 

samples was collected from a three-month period before the SCC record. The within-herd 

prevalence of Staph. aureus IMI was 3.3% (95 % CI 1.3-7.4) and 5.5% (95 % CI 1.6-14.2) 

in the study herds 1 and 2 during the three-month period, respectively. There was no 

significant association between the presence of the Staph. aureus and cow SCC or DMY 

according to a linear regression model. In conclusion, the prevalence of Staph. aureus IMI 

was low in the study herds and no significant effect on DMY or milk SCC was identified in 

this study. Further studies should evaluate the prevalence of Staph. aureus in dairy herds 

with automatic milking systems for longer time period and with larger sample size.  
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Veise udaranakkused on üheks peamiseks teguriks, mis halvendavad karjades 

piimakvaliteeti, vähendavad piimatoodangut ning põhjustavad majanduslikku kahju.  

Staphylococcus aureus (Staph. aureus) on peamistest udarapatogeenidest, mis põhjustab 

udaranakkuseid. Käesoleva uurimistöö eesmärgiks oli hinnata Staph.aureus põhjustatud 

udaranakkuse levimust ja selle mõju lehma üldpiima somaatiliste rakkude arvule (SRA) ja 

päevatoodangule. Lehma üldpiima SRA ja päevatoodang registreeriti kahes soome 

lüpsikarjas peetaval 253 lehmal. Mastiidipatogeenide esinemus määrati udaraveerandite 

piimast kolme kuu jooksul enne SRA analüüsi. Karjasisene Staph. aureus`e põhjustatud 

udaranakkuste levimus oli ühes karjas 3.3% (95 % CI 1.3-7.4) ja teises karjas 5.5 (95 % CI 

1.6-14.2). Lehma piimatoodangu ja üldpiima SRA ning Staph. aureus esinemuse vahel ei 

leitud regresioonianalüüsiga statistiliselt olulist seost. Staph. aureus levimus oli 

uurimisalustes karjades madal ja sellel ei olnud mõju lehma päevatoodangule ega SRAle. 

Järgnevate uuringutega peab hindama robotlüpsikarjades Staph. aureus levimust pikema 

perioodi vältel ja suurema proovide arvu juures.  
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LIST OF ABBREVIATIONS 

AMS – automatic milking system 

C. bovis – Cornybacterium bovis 

CMS – conventional milking system 

CMT – california mastitis test 

DIM – days in milk 

DMY – daily milk yield 

EC – electrical conductivity 

E. coli – Eschericia coli 

qPCR – quantitative polymerase chain reaction 

ICS – immunochromatographic strips 

IM – intramuscular 

IMM – intramammary 

IV – intravenous 

LDH – lactate dehydrogenase 

lnSCC – logarithmic transformation for somatic cell count 

NAS – non-aureus staphylococci 

n.d. – no date of publication available 

PCR – polymerase chain reaction 

SCC – somatic cell count 
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SCM – subclinical mastitis 

Staph. aureus – Staphylococcus aureus 

Strep. uberis – Streptococcus uberis 
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INTRODUCTION 
Mastitis, an inflammation of the mammary gland, is one of the most common diseases of dairy 

cattle (Cobirka et al., 2020). It is not only a welfare problem of animals but more importantly 

causes significant economic losses due to decreased milk production and quality. In addition, 

there are costs due to veterinary intervention, loss of milk premiums, discarding milk after 

treatment and premature culling of chronically infected individuals (Taponen et al., 2017; 

Niedziela et al., 2020). Due to these factors, there has been an increasing demand to finding 

effective ways for mastitis detection, control, and prevention (Côté-Gravel and Malouin, 2019). 

Mastitis develops from a bacterial invasion of the udder, leading to bacterial multiplication in 

the mammary gland and production of inflammatory mediators. This process is responsible for 

increasing the somatic cell count (SCC) and simultaneously decreasing the quality of milk 

(Detilleux, 2017). Based on the clinical picture, mastitis can be classified into clinical and 

subclinical intramammary inflammations, from which subclinical mastitis (SCM) is more 

common (Taponen et al., 2017; Cobirka et al., 2020). In clinical mastitis (CM) the udder can 

undergo visible changes and milk extracted from the affected quarter is usually with altered 

consistency and quality containing for example flakes or clots. In addition to changes in the 

udder and milk, cow can show altered general condition associated with lethargy, fever, and 

decreased appetite (Cobirka et al., 2020). Udder pathogens such as Escherichia coli (E. coli), 

Staphylococcus aureus (Staph. aureus) and streptococcal species, mainly Streptococcus uberis 

(Strep. uberis), are common causes of clinical mastitis (Taponen et al., 2017). In contrast to 

CM, cows with SCM lack visible changes in the udder or in milk, but SCM is still associated 

with elevated SCC and decreased milk production (Cobirka et al., 2020). Non-aureus 

staphylococci (NAS), Corynebacterium bovis (C. bovis) and Staph. aureus are common udder 

pathogens causing SCM (Taponen et al., 2017).  

In Finland, herd size and average milk yields have increased with increased proportion of free 

stalls with automatic milking system (AMS) and simultaneous decrease in the number of dairy 

cows (Hiitiö et al., 2017). Differences in the management systems of AMS compared to 

conventional milking systems (CMS) can introduce different issues with mastitis. In AMS the 

detection of mastitis is based on automaticity and sensors, udder preparation is done 

automatically with standardized intensity and milking order is not controlled (Hovinen and 

Pyörälä, 2011). Knowledge of pathogen reservoirs and controlling the transmission of 

contagious mastitis pathogens in herd with AMS is fundamental in the reduction of new 

infections (Svennesen et al., 2019). The most common mastitis pathogens in Finland are NAS 
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and Staph. aureus (Vakkamäki et al., 2017). In the 2021 annual report by Finnish dairy herd 

recording system, the average milk yield in Finnish dairy herds was 10,073 kg/cow, the average 

herd size 53.3 cows and the breed distribution between Holstein and Ayrshire cows 56.4% and 

41.7% respectively. About 48% of the dairy cows were milked with an AMS and 51% of the 

produced milk was coming from AMS (ProAgria, 2022).  

This study evaluated the prevalence of intramammary infection (IMI) caused by Staph. aureus, 

in two Finnish dairy herds with automatic milking system. We also identified the associations 

between the cow positivity for Staph. aureus IMI and cow SCC and daily milk yield (DMY).  
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1. LITERATURE REVIEW 
 
1.1. Intramammary infection caused by Staphylococcus aureus 

1.1.1. Characterisation of Staphyloccocus aureus  

Staph. aureus is one of the main pathogens causing IMIs in dairy herds worldwide (Ericsson 

Unnerstad et al., 2009; Verbeke et al., 2014, Gao et al., 2017). It causes significant decrease in 

milk production and quality, leading to a negative impact on the farm economy. Hogeveen et 

al. (2019) estimated the average costs of mastitis per cow per year being $147, whereas 

Sørensen et al. (2010) estimated average costs of mastitis caused by Staph. aureus as high as 

€570 per case. Mastitis caused by Staph. aureus is defined as an inflammation of the mammary 

gland resulting from an infection with at least one Staph. aureus strain (Rainard et al., 2018). 

Staph. aureus causes mostly subclinical mastitis which results in increased SCC of affected 

individuals (Botaro et al., 2013). The IMI caused by Staph. aureus can be persistent and have 

resistance to conventional treatments. Even if quarters have once recovered from infection with 

Staph. aureus, a reinfection is common (Dufour et al., 2012). 

Staph. aureus is a gram-positive and catalase-positive facultative anaerobe. In mammals, it is 

found as a part of the normal bacterial flora, being a commensal and opportunistic pathogen 

(Gülmez Sağlam et al., 2017; Rainard et al., 2018). In addition to animal diseases, it is an 

important causal bacterium for human diseases (Hata et al., 2008). Staph. aureus is described 

by Côté-Gravel and Malouin (2019) as a versatile pathogen with the ability to produce a 

diversity of virulence factors as well as the ability to camouflage itself from the host immune 

system. Moisture, warmth, and nutrients in the udder provide a suitable environment for the 

growth and multiplication of the pathogen. Suitable growth environment accompanied with 

inadequate host immune functions aid in the establishment of an IMI (Ezzat Alnakip et al., 

2014). Most IMIs with Staph. aureus are chronic in nature and are presented with varying 

intensities of bacterial shedding in milk. In subclinical cases the shedding is nearly continuous 

but is characterized with irregular and cyclical patterns and low numbers (Rainard et al., 2018). 

In combination with host and environmental factors, Staph. aureus is characterized by low cure 

rates because of its ability to acquire antimicrobial resistance and produce virulence factors, 

such as protein A, leucocidins and adhesins (Fournier et al., 2008; Aslantaş and Demir, 2016; 

Monistero et al., 2020). These virulence factors are used in colonization and in the escape and 

modulation of the host immune system, which then lead to persistence in the host (Côté-Gravel 
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and Malouin, 2019). Staph. aureus can produce enterotoxins which are identified as causes of 

foodborne diseases in humans and mastitis in dairy cattle (Hata et al., 2008).  

 

1.1.2. Pathogenesis and host immune response against Staphylococcus aureus 

Infection of mammary gland by Staph. aureus results after pathogen has entered and passed 

through the teat canal, when the dose of infection in the ductular tissue of the udder supersedes 

the amount of the pathogen in the normal skin flora. The penetration of Staph. aureus into the 

mammary gland is thought to take place at milking or right after milking (Shaheen et al., 2016; 

Rainard et al., 2018). Mastitis results from failure of the host innate and adaptive defenses to 

counter the invasion and establishment of an infection by staphylococci. The incubation time, 

varying from days to weeks until clinical signs are presented, and the severity of Staph. aureus 

infection most likely depend on both the host condition and the strain virulence (Rainard et al., 

2018). The infection may start with an acute clinical stage with clinical signs and the influx of 

leukocytes in secretions from the mammary gland leading to an increase in SCC before clots 

appear in milk. The acute stage with clinical signs can last only a few days, after which the 

clinical signs disappear, and the infection develops into SCM. It can also happen, that Staph. 

aureus colonizes in the udder without the affected animal showing any clinical signs. These 

infections are hard to detect and can lead to a further spread of infection within the herd (Rainard 

et al., 2018).  

Adhesins produced by Staph. aureus have an important role in the onset of an infection as they 

bind to host tissues (Aslantaş and Demir, 2016). Infection with Staph. aureus is a duct disease 

at first, but secretory alveoli of mammary glands are rapidly involved (Rainard et al., 2018). 

According to Zecconi (2010) the adherence to epithelial cells of the udder and to the 

extracellular matrix plays an important role in the pathogenesis of mastitis caused by Staph. 

aureus as these characteristics allow the pathogen to colonize in the glandular tissue of the 

udder and resist the removal during milking which lead to the development of the pathological 

process. Staph. aureus can form biofilm, which promotes the bacterial adhesion and 

colonization in the mammary gland, the evasion from harsh conditions within host and 

phagocytosis and the persistence of an infection. Biofilm also decreases the diffusion of 

antimicrobials inside the matrix and may even become resistant to high concentrations, thus 

reducing the susceptibility of Staph. aureus to antimicrobials (Aslantaş and Demir, 2016). 

Staph. aureus can incorporate itself into the host cells, for example to epithelial cells and 

phagocytes and thus it can be found in the epithelial cells and macrophages of cows with IMI 

or in their interstitial tissue, especially when they are having a chronic infection. Incorporation 
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into the host cells assist in evading the host immune system and establishing a reservoir for re-

infections (Murphy et al., 2019).  

 

1.1.3. Epidemiology of Staphylococcus aureus intramammary infection 

1.1.3.1. Prevalence of Staphylococcus aureus intramammary infection 

Staph. aureus is one of the most isolated major pathogens associated with mastitis in dairy cows 

(Botaro et al., 2013; Vakkamäki et al., 2017; Maisano et al., 2019; Monistero et al., 2020). 

According to Persson et al. (2011) Staph. aureus was the most isolated udder pathogen from 

quarter milk samples in both newly and chronically infected mastitis cases in 226 dairy farms 

in Sweden with an overall prevalence of 18.6%. In Norway, the prevalence of Staph. aureus at 

cow level was found to be 22.2% and 8.2% at herd level in a nationwide study with 350 dairy 

farms by Østerås et al. (2006). In the USA, the herd prevalence of Staph. aureus determined 

with bulk tank culture was found to be as high as 62.4% (Patel et al., 2021). In Estonia, within-

herd prevalence of Staph. aureus in one farm at dry off was found to be 12.4% (Timonen et al., 

2018).  

In Finland the prevalence of mastitis has been surveyed regularly and there have been nationally 

organized mastitis control programs for a long time. Vakkamäki et al. studied the prevalence 

of pathogens in 117,511 quarter milk samples of Finnish dairy herds during 2010-2012. Their 

results showed that NAS and Staph. aureus were the most isolated bacteria with prevalence of 

43.3% and 21.1%, respectively. 

 

1.1.3.2. Transmission routes of Staphylococcus aureus intramammary infection 

Staph. aureus is typically seen as a contagious pathogen of the udder, with the main 

transmission taking place within and between milking of cows. Thus, udder has been claimed 

to be the main source of the pathogen and infected cows in the herd reservoirs of the infection. 

A rapid spread in a herd and the resulting high number of newly infected animals are typical 

characteristics of this pathogen (Sommerhäuser et al., 2003). Examples of fomites for the 

pathogen include milkers’ hands and milking equipment which can be heavily contaminated 

with infective milk, and therefore can easily transmit the infection to susceptible, uninfected 

quarters (Keefe, 2012).  A rapid spread in a herd and the resulting high number of newly 

infected animals are also typical characteristics of this pathogen (Sommerhäuser et al., 2003).  

In addition to udder and milk, same genotypes of Staph. aureus have been isolated from body-

sites of cows, heifers and calves, and from their immediate environment, for example from 
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cubicle surfaces, water cups, feed and bedding. Based on these findings, it should be kept in 

mind that almost any living organism or item in the barn environment can become a reservoir 

or fomite of the pathogen and thus aid in the transmission (Capurro et al., 2010). The presence 

of environmental sources of Staph. aureus suggest that the spread is not only contagious but 

also via an environmental way (Lundberg et al., 2016).   

 

1.1.3.3. Risk factors for the Staphylococcus aureus intramammary infection 

There are numerous risk factors associated with dairy cow mastitis. These include pathogen 

factors, host factors and environmental factors. All these factors should be taken into 

consideration during the development of a control program (Shaheen et al., 2016). Considering 

Staph. aureus IMI, any failure in maintaining a good milking and udder hygiene is always a 

risk factor for the development of IMI, since the principal reservoir of the bacterium is 

chronically infected mammary gland, and the bacterium can be found on teat and udder skin as 

a part of the normal microflora (Cheng and Han, 2020).  

Host factors as risk factors for IMI include for example genetics and breeding, parity, state of 

lactation, udder structure and stress (Shaheen et al., 2016). Intact teat skin prevents bacterial 

growth and acts as a physical barrier, but can become compromised with cuts, cracks, bruising 

and other lesions. Compromisation of an intact teat skin can provide a growth environment for 

bacteria and therefore can become a reservoir of mastitis pathogens, particularly Staph. aureus 

(Blowey and Edmondson, 2010). Increased annual milk production and better breeding index 

for milk production have been found to increase the probability of Staph. aureus IMI. In the 

same study parity was found to be positively associated with the occurrence of IMI of all 

pathogens investigated and Holstein cows were found to be more prone than Nordic Reds with 

breed being a significant factor in all other pathogens except NAS (Taponen et al., 2017). 

Factors increasing the risk of IMI with increasing parity can be linked to the impairment of 

immune function in older cows, alterations in teat conformation with increasing age and overall 

changes in udder structure (Taponen et al., 2017). Similar results with parity were obtained by 

Vlkova et al. (2017), where there were parities grouped into 1-2, 3-4 and ≥5 with Staph. aureus 

positive samples 21.7%, 23.0% and 48.3%, respectively. The prevalence of Staph. aureus 

infection has been found to be greatest in the immediate periparturient period and then decrease 

with increasing days in milk (Østerås et al., 2006). 

Taponen et al. (2017) found that milking system which is closely associated with housing type, 

rarely affects the probability of an IMI. In their study, housing, and milking cows in a tie stall 

system in Finland increased only the probability of an IMI caused by Staph. aureus. There was 
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no evidence of increase in the probability of an IMI with other pathogens in the study. Their 

study also revealed that the probability of a Staph. aureus IMI was higher in conventional herds 

than it was in organic herds.    

Presence of hock lesions has been found to have a correlation with SCC. A herd with higher 

percentage of lesions had also higher SCC (Fulwider et al., 2007). In a study conducted by 

Capurro et al. (2010), they found that hock lesions were an important reservoir of Staph. aureus 

and these lesions were found in 54% of all lactating cows in the five dairy herds studies, whereas 

in a Swedish study conducted by Ekman et al. (2018) the overall cow prevalence of hock lesions 

was found to be as high as 74% but there was no correlation between hock lesions and udder 

health. In addition to hock lesions, Capurro et al. (2010) found Staph. aureus from the skin of 

lactating cows and from the immediate environment. Examples of skin sites include groin, 

vagina, muzzle, and skin wounds. Keeping Staph. aureus positive individuals in the same group 

as negative individuals is an important risk factor in the transmission and incidence of the 

pathogen.  

 

1.1.4. Diagnosing Staphylococcus aureus IMI 

1.1.4.1. Bacteriological cultivation 

Bacterial cultivation has been identified as the gold-standard diagnostic method in identification 

of mastitis-causing pathogens (Steele et al., 2017). Bacterial culture detects only viable bacteria 

in the sample and does not provide positive results with nonviable bacteria, like polymerase 

chain reaction (PCR) does (Hiitiö et al., 2015). The negative side of conventional culture is that 

it is time consuming and costly (Godden et al., 2017). Usage of culture plates presents the 

challenge of reliable interpretation and possible variation between different laboratories. Major 

complication in usage of bacterial cultures is that 25-45% of all cultured milk samples give 

negative-culture results after 48 hours of incubation, which can be costly and frustrating for the 

producer (Koskinen et al., 2010). Bacterial cultivation is not sufficiently sensitive for the 

detection of pathogen in a quarter with intermittent shedding or low shedding during lactation 

(Botaro et al., 2013), which is often the case for Staph. aureus (Sears et al., 1990).  

The recommended threshold value for concluding a single quarter sample culture as 

intramammary infection-positive is 100 colony forming units (CFU)/ml. With NAS this value 

is 200 CFU/ml. Because the sensitivity of composite milk samples is lower due to dilution by 

milk from uninfected quarters, quarter-level samples are taken as the first line diagnosis (Adkins 

and Middleton, 2018). 
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Culturing Staph. aureus on blood agar produces large, smooth, and pigmented colonies. 

Hemolysis is also detectable in most cultures, as only a minority of isolates do not express 

hemolysis. Therefore, the presence of hemolysis with sharp and distinct edges, whether 

incomplete or complete, is a strong indicator for the growth of Staph. aureus (Middleton et al., 

2017). The accuracy of bacterial culture in Staph. aureus has been studied for a long time. 

Already in 1990 by Sears et al. it was noted that single sampling for bacteriological culture for 

the detection of Staph. aureus may not be accurate enough. Because of the possibility of low 

shedding cycle of Staph. aureus there is a higher, up to 25%, risk for false negative when single 

milk sample is cultured. They discovered an overall sensitivity of a single sample culture for 

experimentally introduced Staph. aureus infection identification as 74.5% and an increasing 

trend in sensitivity for two and three consecutive milk samples with sensitivities of 94% and 

98% respectively. In a study conducted by Studer et al. (2008) the overall diagnostic sensitivity 

of routine bacteriology for the detection of Staph. aureus was 79.9% with specificity of 100.0%.  

 

1.1.4.2. PCR 

Diagnosing methods based on PCR have gained popularity in the diagnosing of mastitis 

(Koskinen et al., 2010; Katholm et al., 2012; Hiitiö et al., 2016). In Finland multiplex real-time 

PCR has been used for mastitis microbiological analyses since 2010 and it has become the 

predominant diagnostic method of quarter milk samples (Vakkamäki et al., 2017). PCR method 

amplifies sections of the DNA of bacteria using oligonucleotides and gives results as cycle 

thresholds (Ct) which reflect the amount of DNA amplified in the process. The less cycles 

needed to come to the threshold value that is predefined, the more DNA of that bacteria is found 

in the sample (Hiitiö et al., 2016). The advantages of PCR compared to conventional culture 

method are its rapidity and sensitivity (Adkins and Middleton, 2018). Improved sensitivity and 

detection speed of PCR compared to conventional culture are important factors especially with 

Staph. aureus because of the fast spread in the herd when management precautions are not 

applied. In one study PCR was able to detect Staph. aureus in 7.7% of clinical samples that 

were shown Staph. aureus negative with culture (Koskinen et al., 2010). 

Some complications of PCR diagnostics can arise from that PCR can only target pathogens it 

has been designed to and that it can detect DNA from dead bacteria, which makes the viability 

of the organisms unknown (Adkins and Middleton, 2018). PCR method can detect and report 

multiple bacterial species under specific Ct cutoff value in the same milk sample and thus 

cannot ignore contaminants. However, contamination of milk samples collected in farm 
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conditions with environmental sources is common. Still, no guidelines have been established 

with PCR and multispecies result reporting (Hiitiö et al., 2016).  

 

1.1.4.3. Other diagnostic methods 

Regular SCC testing in conjunction with udder health monitoring programs have provided a 

positive effect on individual cow and herd level (Damm et al., 2017). SCC threshold value of 

200,000 cells/ml can indicate the presence of an IMI with 73% sensitivity and 86% specificity 

(Middleton et al., 2017). An IMI with Staph. aureus as the causative pathogen is generally 

associated with chronically elevated SCC. SCC does not differentiate cells present in the milk 

but gives a potent quantitative measurement (Damm et al., 2017). In uninfected mammary 

quarters SCC is composed of 80% of leukocytes, whereas in infected quarters SCC is composed 

up to 99% of leukocytes (Adkins and Middleton, 2018). This test is not specific for Staph. 

aureus IMI detection because many other pathogens can stimulate a similar response. Thus, 

etiological diagnosis of Staph. aureus IMI is only achievable by detection of bacteria in 

aseptically collected milk sample which is either cultured on growth media or detected with 

molecular methods (Rainard et al., 2018). 

California mastitis test (CMT) is a rapid and simple, but also inexpensive on-farm test which 

gives an indication of SCC level in milk. The CMT lacks sensitivity which can result in infected 

mammary quarters being undetected and left without treatment (Godden et al., 2017).  

Colloidal gold nanoparticle-based immunochromatographic strips (ICS) were generated and 

studied by Nagasawa et al. (2020) for rapid diagnosing of Staph. aureus in milk. ICS are lateral 

flow tests which reduce the time of obtaining results from hours to minutes with classical 

immunochromatographic assays. The test does not require special equipment or technical 

training for the test operator, which makes it suitable for cow-site testing. When ICS results 

obtained in a laboratory were compared to conventional bacterial culture a high sensitivity 

(100%) and specificity (91.9%) were noticed. This method still requires more development to 

be ready to use on-farm but is a promising possibility in Staph. aureus diagnosis. 

 

1.1.5. Treatment of Staphylococcus aureus intramammary infection 

1.1.5.1. Treatment during lactation 

Treatment goal in the case of an intramammary infection with Staph. aureus is to possibly cure 

individual cases of infection as well as to reduce the pool of infected individuals in the herd 

(Keefe, 2012). IMI with Staph. aureus is an example of a persistent infection, which is difficult 
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to treat, and relapse episodes can result a chronic infection. Reinfections can happen because 

of new strains but are often a result of the persistence of the original infective pathogen. Thus, 

medical therapy often fails in complete eradication of the infection (Ster et al., 2013). 

In penicillin-susceptible Staph. aureus infection, the treatment of choice is penicillin G – a β-

lactam antimicrobial (Pyörälä, 2009). These antimicrobials can be administered either locally 

by intramammary (IMM) suspension or systemically by intramuscular (IM) or intravenous (IV) 

injections (Cheng and Han, 2020). IMM route should be the first choice in cases of subclinical 

and low-to-moderate clinical Staph. aureus mastitis. This helps to limit the antimicrobial 

exposure of digestive flora and prevents the spread of antimicrobial resistance (Rainard et al., 

2018). 

Systemic treatment has been shown to be evidently beneficial only in the case where the causal 

agent is Staph. aureus and is recommended together with IMM treatment. The duration of the 

chosen therapy is also of importance as longer treatment course can improve cure rates whereas 

too short duration can be an important factor for poorer cure rates. Treatment course in clinical 

mastitis should be at least three days and in cases where the causative agent is Staph. aureus, 

treatment course should generally be extended. In cases of methicillin-resistant Staph. aureus, 

cloxacillin may be used (Pyörälä, 2009). In subclinical Staph. aureus infection the treatment 

decision should be based on the cow-level sensitivity testing but for clinical infection the 

decision can be based on the overall knowledge on herd-level predominant strains and their 

sensitivity patterns (Barkema et al., 2006). 

Cure rates with Staph. aureus have not been very high during lactation and treatment easily 

becomes quite expensive. Treatment of Staph. aureus during lactation can be considered when 

the cow is exceptional and when the farmer is aware that the treatment can be unsuccessful 

(Blowey and Edmondson, 2010). Chronicity of Staph. aureus infection reduces the 

responsiveness to antimicrobial therapy (Wagner and Erskine, 2013). Wilson et al. (1999) 

found that in cases of subclinical IMI caused by Staph. aureus the cure rate did not differ 

significantly between treated and untreated (43% vs. 49%). Lower probability of cure of Staph. 

aureus IMI is associated with higher parity, higher SCC, duration of the infection being >2-4 

weeks, higher milk bacterial load before treatment and more than one quarters being infected. 

In addition, infections in hind quarters have been associated with lower cure rates than those in 

front quarters. These factors can be used when deciding whether to treat the cow or not (Rainard 

et al., 2018). Possible options in addition to treatment include segregation, culling or drying off 

lactation from the infected quarter (Barkema et al., 2006).  
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Drying off a quarter is a good method to continue milking with the cow instead of culling the 

cow. Main advantages with drying off include continued production, decreasing the SCC count 

of bulk milk and reducing risk of spreading the infection. Drying off also enables the avoidance 

of costs included in the aggressive antimicrobial therapy. It is possible to enable the return to 

production in the next lactation with the dried-off quarter when there has been a prolonged dry 

period together with dry cow antimicrobial therapy (Blowey and Edmondson, 2010). 

 

1.1.5.2. Dry cow therapy 

IMM administration of antimicrobials at the start of the dry period has been a common part of 

practice in mastitis management over decades (Wagner and Erskine, 2013). Dry cow therapy 

consists of two parts: long-acting antimicrobial administration into each quarter at drying off 

and internal wax sealant infusion into teat canal and base of the teat. Administration of long-

acting antimicrobials works as removal of existing infection and as prevention of new infection 

whereas infusion of teat sealant only is useful only in the prevention of new infection. There 

are many benefits in dry cow therapy, mainly related to no need of milk discard and more 

effective response to treatment. Dry cow therapy should be effective against Staph. aureus 

mastitis as the pathogen is often carried from one lactation to the next in the udder. 

Antimicrobials used as dry cow therapy against Staph. aureus are for example cloxacillin, 

cephalosporins, nafcillin and combination of penicillin-streptomycin (Blowey and Edmondson, 

2010).  

 

1.1.5.3. Antimicrobial resistance of Staphylococcus aureus 

Widespread use as well as misuse of antimicrobials have emerged a resistance within pathogens 

causing mastitis against antimicrobials. The efficacy of β-lactams has been reduced due to the 

ability of bacteria to synthesize β-lactamase (Aslantaş and Demir, 2016). Therefore, in vitro β-

lactamase testing for determining penicillin G resistance of staphylococci is recommended 

before initiating treatment (Pyörälä, 2009). Monistero et al. (2020) found that in phenotypic 

resistance most of Staph. aureus isolates had resistance of some stage to at least 1/16 

antimicrobial agents tested and that resistance to penicillin was the most frequent resistance 

mechanism observed. 
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1.1.6. Prevention and control of Staphylococcus aureus IMI 

Biosecurity protocols for Staph. aureus IMI include a designed milking order, using individual 

cloth towels for teat cleaning, teat dipping post-milking, wearing gloves when milking and 

using automatic take-offs (Capurro et al., 2010; Keefe, 2012). In addition, keeping a closed 

herd helps to reduce the burden that could result from the introduction of novel contagious 

pathogen strains to the herd with new animals (Keefe, 2012). One control measure, which is 

more easily established in tie stall housing than in free stall housing, is milking order based on 

the different health status of the udder (Taponen et al., 2017). Primiparous cows should be 

milked before multiparous cows and healthy cows should be milked before mastitis cows 

(Shaheen et al., 2016).  

Dufour et al. (2012) found that an important manageable risk factor associated with Staph. 

aureus IMI was milkers wearing gloves during milking. Wearing gloves during milking 

efficiently prevented transmission of IMI from infected individuals in the herd as there were 

lower odds for acquiring IMI to quarters of a cow free of Staph. aureus infection. Gloves limit 

the bacterial adhesion and therefore can decrease the role of milkers’ hands as a vector in Staph. 

aureus IMI transmission. Additionally, usage of gloves was considered to also affect the 

awareness of milkers towards general hand hygiene. They concluded that wearing gloves during 

milking process is a vital component in Staph. aureus control program. In addition, they found 

the application of premilking teat disinfection to be associated with lower Staph. aureus IMI 

incidence and prevalence, even though premilking teat disinfection is normally recommended 

in prevention of environmental pathogens. 

Based on the study by Capurro et al. (2010) knowing the nature of the strains of Staph. aureus 

found in the herd would improve the control measures by providing important knowledge on 

how to stop the within-herd transmission. Result of the study highlight the importance of 

grouping Staph. aureus positive cow separately and avoiding all types of skin wounds, 

especially hock lesions in all age groups. In addition, good hygiene in cubicles is important and 

the cubicles should be cleaned properly especially in tie-stall barns when moving animals 

between cubicles.   

Chronic infections which have shown to resist one to two treatments are considered impossible 

to cure. In these cases, culling of the cow is the best solution to prevent further infection spread 

in the herd (Rainard et al., 2018).  

With milking practices, proper teat stimulation, appropriate lag time between stimulation and 

unit attachment and the usage of well-adjusted automatic take-offs can reduce the milking 
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duration and prevent teat-end callosity formation. Thus, these are potential factors to reduce the 

incidence of Staph. aureus IMI (Dufour et al., 2012). 

 

1.2. Automatic milking system 
AMS have become more common particularly in western Europe and the percentage of AMS 

herds is highest in Scandinavia and in the Netherlands. It includes practices to reduce labor 

input, increase production per cow and improve lifestyle of families in dairy farms (Rodenburg, 

2017). Milking process in AMS is fully automated and udder is milked on quarter basis with 

automatic teat cleaning and milking cup attachment process (Jacobs and Siegford, 2012). AMS 

have been associated with similar or less stress among cows compared to those in CMS. The 

stress levels experienced by cows in AMS can differ between different cow-traffic systems 

(Jacobs and Siegford, 2012). Many parameters are used for monitoring performance in AMS. 

These parameters include milk production per robot per day, milk production per cow per day, 

milking visits and refusals per day (Rodenburg, 2017). In addition to milk-related parameters, 

AMS can provide information of reproductive status, feed intake and body weight change on 

individual cow basis (Jacobs and Siegford, 2012). An important measure of robotic milking 

success is the average milking frequency per cow, which usually ranges from 2.2 to 3.2. More 

frequent milking stimulates higher milk production and helps maintaining good udder health as 

the possible bacteria are flushed from the udder more often. Large variation in milking interval 

generally decreases milk yield. Thus, frequent milking combined with uniform milking 

intervals should be taken as goals in AMS (Rodenburg, 2017). AMS provides a possibility to 

control milking frequency of an individual cow based on production level and lactational stage. 

Barns with automatic milking system can have variable traffic strategies, ranging from free cow 

traffic to guided traffic (Jacobs and Siegford, 2012). 

Some advantages in AMS regarding the spread of contagious pathogens such as Staph. aureus 

include the absence of contact with human hands during milking process. Improvements in 

AMS productiveness at cow level include udder conformation and milking speed. Poor udder 

conformation is associated with slower attachment and more attachment failures. Faster milking 

speed of cows permits more cows and more milk production per robot with occupation rate 

remaining the same (Rodenburg, 2017). Taponen et al. (2017) found that AMS did not generally 

increase the probability of an IMI caused by any of the pathogens in study. This was surprising 

because the average cow and bulk milk SCC have been found to be higher for AMS herds 

(Hovinen and Pyörälä, 2011). 
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Controlling transmission of pathogens with milking is crucial in farms with AMS in reducing 

number of new infections with contagious mastitis pathogens. Even though contagious 

pathogens do not spread as readily through milkers’ hands in AMS as they do in conventional 

systems, hygiene is still a challenge. The teat cleaning process is standardized in AMS and does 

not differ regarding the level of udder cleanliness in pre- or postmilking (Svennesen et al., 

2019). Teats that are dirty or have hyperkeratosis are not cleaned efficiently enough in the 

automatic cleaning process. Quarter-based milking reduces the transfer between different 

quarters of a cow, but it is important to focus on reducing cow-to-cow transmission with proper 

flushing of milking equipment between cows (Hovinen and Pyörälä, 2011).  

The detection of changes associated with IMI in AMS relies on sensors, whereas in 

conventional farms it relies on detection by farmer at cow side during milking process (Deng 

et al., 2019). AMS can give alerts if there is a change in milk composition. This can be helpful 

for early detection of an IMI (Hovinen and Pyörälä, 2011). In addition to SCC there are 

diagnostic parameters in AMS machines which can be helpful in detection of IMI. These 

include the amount of lactose, lactate dehydrogenase (LDH) activity and the electrical 

conductivity (EC) of milk. Mastitic milk has decreased percentage of lactose compared to 

uninfected milk due to tissue damage in the udder, which disturbs lactose biosynthesis. Lactate 

dehydrogenase is an enzyme found for example in the cytoplasm of leukocytes. In mastitis LDH 

is released into the milk due to cell damage and LDH activity in milk is increased. EC of mastitic 

milk is increased due to increase in sodium and chloride concentrations with simultaneous 

decrease in potassium concentration. EC is provided by milking equipment manufacturers and 

can be used as in-line diagnostic method (Adkins and Middleton, 2018).  
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2. AIMS OF THE STUDY 
The aims of this study were to:  

• Evaluate the prevalence of Staph. aureus IMI in two commercial dairy herds with an automatic 

milking system;  

• Evaluate the associations between Staph. aureus IMI and cow composite milk SCC and DMY. 
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3. MATERIALS AND METHODS 

3.1. Study design 
Cow composite milk SCC, days in milk (DIM), parity and DMY (kg) were recorded once in 

March 2021 in the study herds (herd 1 on 25th of March 2021 and herd 2 on 18th of March 2021) 

from Lely robotic milking T4C farm management system to fulfil the aim to evaluate the 

associations between the udder pathogens and cow SCC and DMY. The information about 

identified udder pathogens, number of udder quarter milk sample collection and cow 

antimicrobial treatment data was collected from Centralized health care register for Finnish 

cattle herds (Naseva, Eläinten terveys ETT ry) between the 1st of January 2021 and 25th of 

March 2021 in herd 1 and 18th of March 2021 in herd 2. 

 

3.2. Herd characteristics  
The data recorded in this study was from two Finnish commercial loose-housed dairy herds. 

Study herd 1 included 185 dairy cows, of which 85.8% were Holstein, 13.5 % were Finnish 

Ayrshire and 0.7% were Jersey cows. Cows were milked in three Lely Astronaut A4 automatic 

milking systems. The average 305-day milk yield was 12,973 kg and bulk tank milk SCC 

ranged between 173,000 and 201,000 cells/ml in 2020. 

Study herd 2 included 83 dairy cows, of which 88.5% were Holstein, 7.2% Finnish Ayrshire 

and 6.0% other breeds’ cows. Cows were milked in two Lely Astronaut A3 automatic milking 

systems. The average 305-day milk yield was 11,001 kg and bulk tank milk SCC ranging 

between 124,000 and 181,000 cells/ml in 2020. Both herds were previously positive for Staph. 

aureus according to udder quarter milk sample analysis of the dairy cows collected during the 

year 2020 and analysed with PCR method in the laboratory of dairy enterprise (Valio Ltd.). 

 

3.3. Collection and analysis of the udder quarter milk samples 
The udder quarter milk samples were collected by farm personnel during the study period, eg. 

between 1st of January and 25th March 2021 in herd 1 and between 1st of January and 18th of 

March 2021 in herd 2. Udder quarter milk samples were taken if the cow was placed on udder 

health work list in T4C farm management system by increased SCC (>200,000 cells/ml) or 

electrical conductivity or by colour change in milk. Both clinically and subclinically affected 

udder quarters were included to the study. Hence, if the subclinically affected udder quarter 

was not identified based on the electrical conductivity or colour change in milk by the AMS, a 
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CMT was performed, and udder quarter milk sample was taken from quarters with CMT test 

score ≥1 (Marshall et al., 1993). 

Before udder quarter milk sample collection, the teat end was cleaned with 70% ethanol swabs 

and allowed to dry. After discarding a few streams of milk, samples (2 to 4 ml) were collected 

into sterile 10 ml plastic tubes and preserved with bronobol. Udder quarter milk samples were 

stored between 2 to 8 °C and transported to the laboratory of dairy enterprise (Valio Ltd.) for 

quantitative polymerase chain reaction (qPCR) analysis during the same day after sample 

collection. In the laboratory, a commercial qPCR test kit PathoProof™ Complete-16 Kits 

(ThermoFisher ScientificTM) was used for identification of the DNA of the mastitis causing 

pathogens Staph. aureus, Strep. uberis, NAS and environmental udder pathogens. 

 

3.4. Data processing 
A Microsoft Excel database was created for collected data. Cow identity (ID)-number, parity, 

DIM, cow composite milk SCC (*1000 cells/ml) and cow DMY (kg) were registered to the 

database at the pre-set dates (herd 1 25th of March 2021 and herd 2 18th of March 2021). 

Additionally, following items were registered to the database: 1) number of days between the 

collection of the first udder quarter milk sample during the study period and the registration of 

cow SCC and DMY; 2) udder pathogens (NAS, Staph. aureus, Strep. uberis and all other 

pathogens identified categorized as environmental pathogens) identified at the collected first 

udder quarter milk sample during the study period coded as binomial variables (0 = cow is 

negative for the pathogen, 1 = cow is positive for the pathogen) by using the PCR analysis cut-

off values (≤37.0) set by the manufacturer; 3) presence of NAS and Staph. aureus penicillin 

resistance gene in the first udder quarter milk sample coded as binomial variable (0 = negative, 

1 = positive); 4) multiple milk samples collected during the study period coded as binomial 

variable (0 = one milk sample collection, 1 = two or more milk sample collections), and 5) 

antimicrobial treatment of the mastitis after the first udder quarter milk sample coded as 

binomial variable (0 = not treated, 1 = treated). The presence of udder pathogens was identified 

only from the first collected udder quarter milk sample(s) during the study period from both 

herds. 

 

3.5. Calculation of the prevalence estimations 
The prevalence of the detected udder pathogens (NAS, Staph. aureus, Strep. uberis and 

environmental pathogens) was calculated separately for both study herds as follows: 
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𝑇ℎ𝑒	𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 = !"#	%&'(#)	*+	,-."*/#%	,*01.12#	3-1)4	5*60	3&)1%/	."#	0.&34	,#)1*3
!"#	%&'(#)	*+	7-5.-.1%/	3-1)4	5*60	3&)1%/	."#	0.&34	,#)1*3

 x 100. 

The prevalences were calculated based on the udder pathogens identified from the cows’ first 

udder quarter milk sample collected during the study period with 95% confidence intervals 

identified. The cow was considered pathogen positive for all studied pathogens, if the pathogen 

was identified in the udder quarter milk sample(s) collected at the first time during the study 

period alone or in combination to other pathogens. STATA IC 14.2 (StataCorp, Texas, USA) 

software was used for calculation of the within-herd prevalence estimates and confidence 

intervals. 

 

3.6. Statistical analysis 
Two models were used separately for investigating associations between the udder pathogens 

and SCC, and between the udder pathogens and cow DMY. 

First two causal diagrams were drawn for variables to evaluate their causal associations and 

identify any confounders (Figures 1 and 2). The outcome variables were milk SCC and cow 

DMY (kg). According to the causal diagram DIM and parity served as confounders (Figure 1 

and 2). The distribution of outcome variables was checked graphically for normal distribution. 

To achieve normal distribution, natural logarithm transformation was used for SCC (lnSCC). 

Before model building, data was checked for unlikely values and linearity between dependent 

variable and predictor variables was checked graphically with an eyeball test. Additionally, 

collinearity between the outcome and predictor variables was checked before model building. 
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Figure 1. Causal diagram for associations between the outcome variable cow somatic cell count 

and the predictor variables. 
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Figure 2. Causal diagram for associations between the outcome variable cow daily milk yield 

and the predictor variables. 

 
A multivariable mixed linear regression model was used for estimating associations between 

cow lnSCC and udder pathogens identified by bacterial DNA from cow udder quarter milk 

samples, variable herd serving as random effect. A stepwise backward elimination procedure 

was used for model building with items udder pathogens (NAS, Staph. aureus, Strep. uberis 

and environmental pathogens), presence of penicillin resistance gene, antimicrobial treatment 

of mastitis, multiple milk samples collected during the study period, number of days between 

the milk sample and SCC registration, DIM and parity serving as predictive variables.  

To estimate associations between the cow DMY and udder pathogens, a multivariable mixed 

linear regression model was used with variable herd as random effect. A stepwise backward 

elimination procedure was used for model building with items udder pathogens (NAS, Staph. 

aureus, Strep uberis and environmental pathogens), presence of penicillin resistance gene, 

antimicrobial treatment of mastitis, multiple milk samples collected during the study period, 

number of days between the milk sample and DMY registration, DIM and parity serving as 

predictive variables.  
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In both mixed linear regression models, cow parity was categorized into 1, 2, 3 and ≥4 

lactations, and DIM as 1–90, 91–200, and ≥201 days. Interaction terms were tested for 

significance for NAS and penicillin resistance gene as well as for Staph. aureus and penicillin 

resistance gene to see whether the combined effect of the pathogen and the penicillin resistance 

gene differs from the sum of the individual effects of the variables tested in both models. Other 

interaction terms were not tested in either of these models due to the low number of 

observations. 

Confounding effects between predictor variables were controlled during stepwise backward 

elimination with ≤20 % change in coefficients of statistically significant predictor variables 

evaluated as non-confounding effects. Assumptions of the equal variance of the dependent 

variable in all levels of predictor variables and normal distribution of the residuals were checked 

graphically in both models. P-value level ≤0.05 was considered statistically significant (Dohoo 

et al., 2009).  

STATA IC 14.2 (StataCorp, Texas, USA) software was used for statistical analyses. 
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4. RESULTS 

4.1. Descriptive statistics 
Table 1 summarizes the descriptive statistics of the two study herds on the day of SCC and 

DMY registration. The DIM and DMY are likewise in the two study herds, but mean SCC 

tended to be lower in herd 2 compared to herd 1. 

 

Table 1. Descriptive statistics of the two study herds. 

Herd Number of cows Mean DIM1, days 
(median; range) 

Mean SCC2 * 1000 
(median; range) 

Mean DMY3, kg 
(median; range) 

Herd 1 180 158 (156; 5-506) 177 (124; 23-2340) 38.0 (37.3; 3.5-65.6) 
Herd 2 73 161 (133; 9-507) 84 (66; 6-440) 37.3 (34.7; 17.6-60.6) 

1 Days in milk 
2 Somatic cell count 
3 Daily milk yield 
 
Out of 253 cows from the two study herds, a quarter milk sample was taken and DNA from at 

least one bacterial species recognized from 17.0 % (n = 43) of the cows, of which 36 cows 

originated from herd 1 and seven cows from herd 2. On the other hand, the number of pathogen 

negative dairy cows during the study period was 144 in herd 1 and 66 in herd 2, respectively.  

 

DNA of one bacterial species was recognized form 46.5 % (n = 20), two bacterial species from 

34.9% (n = 15), three bacterial species from 16.3% (n = 7) and four bacterial species from 2.3% 

(n = 1) of the cows’ milk samples from the two study herds. In herd 1 8.3 % (n = 15) of the 

cows’ milk samples contained DNA from one bacterial species and 11.7 % (n = 21) two or 

more bacterial species. One bacterial species was recognized in 6.8 % (n = 5) and two or more 

in 2.7% (n = 2) of the cows’ milk samples in herd 2. 

The different udder pathogens individually or in combinations in the cows’ quarter milk 

samples in the two study herds are presented in Table 2. Tables 3 and 4 present the udder 

pathogens and their combinations in the two study herds separately. 

 

Table 2. Different combinations of detected bacteria in pathogen-positive milk samples in the 

two study farms. 

Pathogen Number of pathogen positive 
cows 

Proportion of pathogen positive 
cows (%) 

NAS1 8 18.6 
Environmental pathogens 6 14.0 

Staph. aureus2 4 9.3 
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Strep. uberis3 2 4.7 
NAS + environmental pathogens 10 23.3 

Staph. areus + environmental 
pathogens 3 7.0 

Strep. uberis + environmental 
pathogens 2 4.7 

NAS + Strep. uberis + 
environmenal pathogens 5 11.6 

Staph. aureus + Strep. uberis + 
environmental pathogens 1 2.3 

NAS + Staph. aureus + Strep. 
uberis 1 2.3 

NAS + Staph. aureus + Strep. 
uberis + environmental 

pathogens 
1 2.3 

Total 43 100.0 
1 Non-aureus staphylococci 
2 Staphylococcus aureus 
3 Streptococcus uberis 
 

Table 3. Different combinations of detected bacteria in pathogen-positive milk samples in the 

study herd 1. 

Pathogen Number of pathogen positive 
cows 

Proportion of pathogen positive 
cows (%) 

NAS1 7 19.4 
Environmental pathogens 5 13.9 

Strep. uberis2 2 5.6 
Staph. aureus3 1 2.8 

NAS + environmental pathogens 10 27.8 
Staph. areus + environmental 

pathogens 2 5.6 

Strep. uberis + environmental 
pathogens 1 2.8 

NAS + Strep. uberis + 
environmenal pathogens 5 13.9 

Staph. aureus + Strep. uberis + 
environmental pathogens 1 2.8 

NAS + Staph. aureus + Strep. 
uberis 1 2.8 

NAS + Staph. aureus + Strep. 
uberis + environmental 

pathogens 
1 2.8 

Total 36 100.0 
1 Non-aureus staphylococci 
2 Streptococcus uberis 
3 Staphylococcus aureus 
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Table 4. Different combinations of detected bacteria in pathogen-positive milk samples in the 

study herd 2. 

Pathogen Number of pathogen positive 
cows 

Proportion of pathogen positive 
cows (%) 

Staph. aureus1 3 42.9 
Environmental pathogens 1 14.3 

NAS2 1 14.3 
Staph. areus + environmental 

pathogens 1 14.3 

Strep. uberis3 + environmental 
pathogens 1 14.3 

Total 7 100.0 
1 Staphylococcus aureus 
2 Non-aureus staphylococci 
3 Streptococcus uberis 
 
4.2. The prevalence of the udder pathogens 
The prevalences of the udder pathogens are illustrated in Table 5. The two highest prevalences 

in herd 1 were 13.3% with NAS (n = 24; 95% CI 1.3-7.4) and 13.9% with environmental 

pathogens (n = 25; 95% CI 10.7-22.9). In herd 2, the highest prevalence was 5.5 % with Staph. 

aureus (n = 4; 95% CI 1.6-14.2) and 4.1% with environmental pathogens (n = 3; 95% CI 0.9-

12.0). 

 

Table 5. The within-herd prevalence of the different udder pathogens in the two study herds 

during January and March 2021. 

  NAS1 Staph. aureus2 Strep. uberis3 Environmental 
pathogens 

Herd Number 
of cows n (%) 95% CI n (%) 95% CI n (%) 95% 

CI n (%) 95% CI 

Herd 1 180 24 
(13.3) 

10.1; 
22.2 6 (3.3) 1.3; 

7.4 
11 

(6.1) 
3.3; 
11.3 

25 
(13.9) 

10.7; 
22.9 

Herd 2 73 1 
(1.4) 

0.04; 
7.5 4 (5.5) 1.6; 

14.2 
1 

(1.4) 
0.04; 
7.5 3 (4.1) 0.9; 

12.0 
1 Non-aureus staphylococci 
2 Staphylococcus aureus 
3 Streptococcus uberis 

 

4.3. Association between the udder pathogens, milk somatic cell count and 

daily milk yield 
Cows positive for NAS had significantly (p = 0.039) higher (0.61 units) lnSCC compared to 

cows negative to NAS during the study period (Table 6). A higher (0.73 units) lnSCC was 
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identified in cows having udder quarter milk samples collected ≥ 2 times during the study period 

with borderline significance (p = 0.091) (Table 6).  
 

Table 6. Results of multivariable mixed linear regression model of association between 

detected mastitis pathogens in udder quarter milk samples and somatic cell count of dairy cows 

(n = 253). 

 Number of 
cows Coefficient1 95% CI P-value Wald test 

NAS2 negative 228 0    
NAS positive 25 0.61 0.03; 1.18 0.039  

Staph. aureus3 negative 243 0    
Staph. aureus positive 10 -0.31 -0.10; 0.37 0.367  
Strep. uberis4 negative 241 0    
Strep. uberis positive 12 -0.55 -1.08; -0.02 0.041  
Pen. res.5 pathogen 

negative 238 0    

Pen. res. pathogen 
positive 15 0.45 -0.20; 1.10 0.176  

One milk sample 
collected during the study 

period 
249 0    

Two or more milk 
samples collected during 

the study period 
4 0.72 -0.12; 1.57 0.091  

Treated negative6 246 0    
Treatment positive7 7 -0.05 -0.73; 0.63 0.890  

Number of days between 
milk sample collection 
and SCC8 registration 

253 -0.005 -0.02; 0.01 0.395  

0-90 DIM9 83 0   0.315 
91-200 DIM 89 0.45 -0.48; 0.56 0.86  

≥ 201 days in milk 81 -0.40 -1.07; 0.26 0.235  
1st lactation 78  0  0.010 
2nd lactation 70 -0.82 -1.58; -0.06 0.034  
3rd lactation 37 0.33 -0.52; 1.19 0.444  

≥ 4th lactation 68 -0.06 -0.77; 0.65 0.872  
Intercept  5.14 4.29; 5.29 < 0.001  

1 Estimates are in logarithmic scale 
2 Non-aureus staphylococci 
3 Staphylococcus aureus 
4 Streptococcus uberis 
5 Penicillin resistant 
6 Cow has not received antimicrobials during the study period 
7 Cow has received antimicrobials during the study period 
8 Somatic cell count 
9 Days in milk 
 

Table 7 illustrates the results of multivariable linear mixed regression model about associations 

between the udder pathogens and cow DMY. Cows with a penicillin resistant pathogen had 
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significantly (p = 0.037) lower (6.59 kg) milk yield compared to cows with a non-penicillin-

resistant pathogen. Increase in the number of days between milk sample collection and somatic 

cell count recording was found to have a significant (p = 0.009) effect on the DMY. One day 

increase in the number of days between the sample collection and DMY recording was 

associated with increase in DMY by 0.12 kg. Increase in DIM beyond 90 days was found to 

significantly (p < 0.001) decrease the milk yield. Cows in mid-lactation (91-200 DIM) had 

10.39 kg lower DMY and cows in late lactation (≥ 201 DIM) had 18.70 kg lower DMY 

compared to cows in the beginning of lactation (0-90 DIM). The presence, or absence, of a 

pathogen in the milk sample did not significantly affect the DMY.  

 

Table 7. Results of multivariable mixed linear regression model of association between 

detected mastitis pathogens and daily milk yield of dairy cows (n = 253). 

 Number of 
cows Coefficient 95% CI P-value Wald test 

NAS1 negative 228 0    
NAS positive 25 3.69 -1.33; 8.71 0.150  

Staph. aureus2 negative 243 0    
Staph. aureus positive 10 -2.49 -8.31; 3.32 0.401  
Strep. uberis3 negative 241 0    
Strep. uberis positive 12 -1.61 -2.63; 5.85 0.456  
Enviro. pat.4 negative 225 0    
Enviro. pat. positive 28 1.37 -3.30; 6.04 0.565  
Pen. res.5 negative 

positive 238 0    

Pen. res. pathogen 
positive 15 -6.59 -12.78; -0.40 0.037  

One collected milk 
sample during the study 

period 
249 0    

Multiple samples 
collected during the study 

period 
4 1.76 -4.94; 8.45 0.607  

Treated negative6 246 0    
Treated positive7 7 3.93 -1.58; 9.44 0.162  

Number of days between 
milk sample collection 
and SCC8 registration 

253 0.12 0.03; 0.20 0.009  

0-90 DIM9 83 0   < 0.001 
91-200 DIM 89 -10.39 -14.52; -6.26 < 0.001  

≥ 201 DIM 81 -18.70 -24.00; -
13.39 < 0.001  

1st lactation 78 0   0.253 
2nd lactation 70 4.30 -1.92; 10.52 0.176  
3rd lactation 37 1.02 -5.78; 7.81 0.770  

≥4th lactation 68 -0.23 -5.97; 5.51 0.937  
Intercept  42.57 34.28; 50.86 < 0.001  



Table 7 continued 
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1 Non-aureus staphylococci 
2 Staphylococcus aureus 
3 Streptococcus uberis 
4 Environmental pathogens 
5 Penicillin resistant 
6 Cow has not received antimicrobials during the study period 
7 Cow has received antimicrobials during the study period 
8 Somatic cell count 
9 Days in milk 

  



 

 35  
 

 

5. DISCUSSION 
 
5.1. The prevalence of the different udder pathogens in the study herds 
We aimed to evaluate the prevalence of Staph. aureus IMI in two Finnish dairy herds using 

AMS. The prevalence of Staph. aureus was found to be 3.3% (n = 6; 95% CI 1.3-7.4) and 5.5% 

(n = 4; 95% CI 1.6-14.2) in herds 1 and 2 respectively. The prevalence of Staph. aureus in AMS 

has not been widely studied. A study by Woolpert et al., (n.d.) found a quite similar prevalence 

of Staph. aureus in a herd with AMS, ranging between 5.6% in June to 2.1% in September 

2011. Deng et al. (2021) found a smaller mean prevalence of Staph. aureus (1.9%) in a group 

of cows from a Dutch herd milked with AMS. Castro et al. (2015) found the prevalence of 

Staph. aureus in 181 quarter milk samples from 10 dairy farms with AMS to be 3.3%, which is 

like our study. The within-herd prevalence has been studied in a parlor milking system in 

Estonia by Timonen et al. (2017). They discovered a within-herd prevalence of Staph. aureus 

to be 10.2% in a herd with 611 dairy cows, which is clearly higher compared to our findings. 

With contagious mastitis pathogens like Staph. aureus, the control of transmission related to 

milking procedure is fundamental in the reduction of new infections in herds with AMS 

(Svennesen et al., 2019). In an AMS the spread of contagious pathogens is not affected by the 

milker, but the pathogens can still transfer through the milking unit. Individual cows with bad 

udder health should be separated from healthy ones, but this requires special arrangements in 

the farms. Staph. aureus has been detected from the teat cup liners even after flushing in AMS 

(Hovinen and Pyörälä, 2011). In addition, the reliability of the postmilking teat disinfection has 

been a concern in herds with AMS and Dohmen et al. (2010) have concluded that the spraying 

systems is in the need of improvement. In AMS, there are more cows milked per one milking 

unit than in CMS, which increases the exposure to contaminated milking equipment (Deng et 

al., 2021).  

The prevalences of other udder pathogens were also evaluated in this study. In herd 1 the most 

prevalent pathogens were environmental pathogens with a prevalence of 13.9% followed by 

NAS (13.3%) and Staph. aureus. In herd 2 the most prevalent pathogen was Staph. aureus, 

followed by environmental pathogens (4.1%). The average prevalence of NAS in the study 

made by Deng et al. (2021) was 43.6%, which is significantly higher than in either of our study 

herds. The average prevalence of Strep. uberis (0.4%) was the lowest of all pathogens in their 

study which correlates to our findings in herd 2. However, Deng et al. (2021) used culture 

results from multiple (11) samplings from udder quarter milk samples, whereas we recorded 

the pathogens from an udder quarter milk sample just once. 
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Environmental pathogens were the most prevalent (13.9%) pathogens in herd 1, but they were 

less prevalent in herd 2 (4.1%). The presence of environmental pathogens in udder quarter milk 

samples may suggest contamination of the milk samples during sample collection procedure 

but can also be due to insufficient hygiene in the herd. The teat cleaning, which is a crucial part 

of milking hygiene, is automated in AMS and teats are not distinguished between dirty and 

clean before or after the cleaning process. This emphasizes the importance of cow cleanliness 

in a herd with AMS (Hovinen and Pyörälä, 2011). Dohmen et al. (2010) found that in a farm 

with AMS the percentage of new cows with high SCC was positively associated with the 

proportion of cows with dirty teats, indicating that dirty teats predispose cows for new IMIs. 

For reduction of environmental udder contaminants, it is crucial to control fecal accumulation, 

reduce moisture and minimize organic contamination. These aspects of hygiene are consistent 

in any production system (Hogeveen et al., 2011). In this study we did not consider the hygiene 

score of the dairy cows and its’ possible effect on the within-herd prevalence of the udder 

pathogens. Overall, the knowledge on pathogen reservoirs is fundamental in the reduction of 

new infections and in the control of transmission in an AMS herd (Svennesen et al., 2019).  

 

5.2. Associations between udder pathogens and cow somatic cell count 
In this study NAS was the only pathogen having a significant increasing effect to SCC 

compared to the SCC of pathogen-negative samples. Cows with NAS positive milk sample (n 

= 25) were found to have significantly (p = 0.039) higher (0.61 units; 95% CI 0.03-1.18) 

logarithmic somatic cell count (lnSCC) compared to cows with NAS negative sample (n = 228). 

Infections with NAS usually have minor clinical influence and reflect in a low to moderate 

increase in SCC (Vanderhaeghen et al., 2014). Supré et al. (2011) found that the lnSCC of 

NAS-positive cows was higher compared to Strep. uberis-positive cows but lower compared to 

Staph. aureus-positive cows. They concluded that NAS should be considered as a minor udder 

pathogen. The study made by Condas et al. (2017) agrees with Supré et al. (2011) and Fry et 

al. (2014) to the extent that the mean SCC of NAS-positive quarters was higher than in culture-

negative quarters but lower than in major pathogen-positive quarters. In our study the different 

bacterial species under the group name NAS were not differentiated. However, it has been 

noticed that different subspecies under NAS can affect the SCC differently (Supré et al., 2010; 

Vanderhaeghen et al., 2014; Condas et al., 2017). Fry et al. (2014) found that most of positive 

quarters infected with a pathogen belonging to NAS-group had a higher mean SCC compared 

to negative control, but all subspecies did not increase the SCC above the negative control. 
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Another factor with a borderline significant (p = 0.091) increasing effect to lnSCC (0.73 units) 

was milk sample collection ≥ 2 times during the study period. This may indicate a more chronic 

course of the IMI leading to continuously higher SCC and therefore to repeated sample 

collections. In our study, a significant effect (p = 0.034) between parity and SCC was seen with 

2nd lactation, the lnSCC being lower (-0.82 units; 95% CI -1.58; -0.06) compared to 1st lactation. 

This may be due to the relatively low number of dairy cows included in our study, as previous 

studies have found a significant increase in SCC with increasing parities (Bradley and Green, 

2005; Sabuncu et al., 2013; Sebastino et al., 2020).  

 

5.3. Association between udder pathogens and cow daily milk yield  
We did not identify any significant association between the presence of udder pathogens and 

cow DMY. This was surprising, as Heikkilä et al. (2018) studied the effects of different 

pathogens to milk yield in Finnish dairy farms and concluded that all the studied pathogens, 

including Staph. aureus, NAS and Strep. uberis caused a decline in milk yield. The result of 

our study may be caused by the relatively small sample size and low number of pathogen 

positive dairy cows.  

However, a cow positive for a penicillin resistant pathogen in the udder quarter milk sample 

had a significantly (p = 0.037) lower DMY. The daily milk yield of cows with penicillin 

resistant pathogen was 6.59 kg (95% CI -12.78; -0.4) lower than of cows without penicillin 

resistant pathogen. In our study the resistance of NAS and Staph. aureus was not studied 

separately, but Duse et al. (2021) have found that from pathogens isolated in cases of CM the 

prevalence of penicillin resistance varies greatly. In their study, the prevalence of penicillin 

resistance was 2.6% of Staph. aureus isolates and 30.4% of NAS isolates. Similar results have 

been obtained from SCM samples, where 4% of Staph. aureus isolates and 37% of NAS isolated 

showed resistance to penicillin (Persson et al., 2011). 

Other factors influencing the milk yield of cows were the number of days between udder quarter 

milk sample collection and DMY registration and DIM. Increasing the number of days between 

udder quarter milk sample collection and DMY recording had a significant (p = 0.009) 

increasing (0.12 kg) effect on the milk yield. The longer the time-interval between the udder 

quarter milk sample collection and DMY recording, the more time the cow has had to heal from 

mastitis affecting the DMY positively. Cows at later stage of lactation were found to have lower 

milk yield than cows in the beginning of lactation. This is biologically logical finding and 

generally agreed by Vijayakumar et al. (2017) where the highest peak of DMY was obtained 
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in the early stage and a decline was seen in the later stage of lactation. They suggested this trend 

of decreasing DMY while DIM increases is due to changes in hormonal balance, which has 

negative effect in the mammary gland and due to the nutrient requirements of the fetuses of 

cows in gestation, resulting in insufficient nutrition for milk production. 

 

5.4. Limitations of the study 
We included all lactating dairy cows at the data recording date from two study herds to this 

study. The data collected about these cows including the udder quarter milk sample collections, 

identified mastitis pathogens and mastitis treatments was registered by the farmers to the 

datasets and therefore we do not know the onset of mastitis or any underlying causes in cow 

health status etc. for udder quarter milk sample collection. Hence, the results of this study 

included both clinical and subclinical mastitis without differentiating those, and we cannot 

demonstrate or assort the effects of subclinical versus clinical infections into the different 

outcome variables.  

The quarter milk samples in this study were collected by farmers based on the routine udder 

health management scheme on the study herds. The samples were collected when the farmer or 

the workers saw it necessary to collect a sample from a cow for analysis, for example when the 

cow either showed clinical signs of mastitis or when the cow was placed on the udder health 

working or SCC report on dairy management system of the AMS. Thus, we cannot expect that 

the samples have been collected in a uniform manner with uniform criteria from the dairy cows. 

Additionally, the hygiene of the sample collection may have varied in the herds and between 

the persons thus sample contamination with environmental or cow or human skin-derived 

pathogens affecting the results of our study. Overall, the prevalence of udder pathogen in this 

study describes the situation in natural circumstances on these two dairy herds, which have not 

been affected by study purposes.  

In the end, the number of dairy cows with an IMI in this study is low as well as the number of 

cows treated for mastitis. The small sample size most probably affects the results of our study. 

Finally, this study is a retrospective cross-sectional study from which we cannot conclude any 

causality between the studied variables.
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6. CONCLUSIONS 
This study identified the prevalence of Staph. aureus IMI of 3.3% in herd 1 and 5.5% in herd 2 

based on farm recordings between January and March 2021. The prevalence was highest for 

NAS and environmental udder pathogens, indicating that good management of contagious 

udder pathogens is effective tool for preventing the spread of Staph. aureus IMI in dairy herds 

with AMS. Dairy cows infected with Staph. aureus IMI had no significant differences in 

composite milk SCC or DMY compared to pathogen negative dairy cows. Further studies 

should evaluate the within-herd prevalence of Staph. aureus with larger sample size in AMS 

dairy farms and evaluate the associations between the pathogen and DMY and SCC in a larger 

number of herds. 
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