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Singing now our song of nations
Happy, young, and free
Let us change by our relations
World that’s ours to be
All we’ve learned of love and laughter
And to understand
Let us practice that hereafter
Peace may rule the land
Last verse of the school song written by
ISB (International school of Belgrade)
upper grades with Jean Marinković and
Gordana Obradović, 1962.

ABSTRACT
During recent years Mycoplasma bovis has spread to many countries that had
previously recorded no M. bovis infections. M. bovis has also caused more severe
outbreaks in some countries where it was recorded. In Finland, the first case of M.
bovis was detected in November 2012 from a calf-rearing unit. The first dairy farm
that registered a positive infection occurred one month later. Different interest
groups working with cattle had a mutual objective to attempt to control M. bovis
in Finland. A three-year research project was established (2014–2017) and this
thesis comprises three published articles on topics pursued during the project.
Locating all M. bovis positive farms and controlling the infection are important
factors in improving animal health, lowering the usage of antibiotics and reducing
economic costs associated with M. bovis. The general objective of this thesis was
to find the most effective tools to prevent and control M. bovis in Finland. We
evaluated the risk factors for a country with recently recorded M. bovis infections
and studied if control measures implemented in dairy farms might lower the risk
for a farm to be recorded as M. bovis positive. In addition, we wanted to see if
meat inspection data could be used to help to detect M. bovis positive farms and
if the average daily gain of bulls at slaughter is affected by M. bovis.
The following statistical and laboratory methods were used. In article I, meat
inspection data were analysed using a mixed effects logistic regression model
(lung lesions) and a linear regression model (average daily gain). In article II, we
analysed more closely two dairy farms where typical initial sources of M. bovis
were not found. Bacteriological culture and real time PCR targeting the oppD gene
were used for analysing semen samples. Nasal smears of calves were also analysed
using real time PCR. Whole genome sequencing of isolated M. bovis bacteria
was used to verify epidemiological results. In article III, risk factors for M. bovis
were evaluated with a mixed effects logistic regression model. Most nasal smears
were analysed with the same real time PCR targeting the oppD gene as used with
semen in article II. Milk samples were analysed with real time PCR in commercial
laboratories (Pathoproof® Complete 16-kit, Thermo Fisher Scientific, Finland).
From our results, we concluded that meat inspection data can be used with other
methods to locate M. bovis positive farms. Lung lesions, especially pleuritis, were
associated with animals from M. bovis positive farms. Animals from M. bovis
positive farms did not grow less than animals from control farms, but it has to
be taken into account that we did not evaluate the increased use of antibiotics or
welfare issues and mortality.

We also showed that two naive dairy farms got M. bovis through artificial
insemination (AI) of M. bovis positive semen. In both farms, the first detected
M. bovis mastitic cows had been inseminated with semen from an M. bovis
positive lot. In our analysis, farms using an M. bovis positive bull in insemination
showed only a trend in the risk analysis because only few lots were positive. With
the univariable analysis, contaminated semen lots were a significant risk factor.
Control measures implemented against M. bovis in dairy farms helped the farms
to maintain a low risk level. The control measures mainly included raising calves
separately from older animals, culling all M. bovis mastitis cases and analysing
bacteriological mastitis samples for M. bovis routinely with PCR. Out of nineteen
follow-up farms, thirteen reached a low risk level, meaning that M. bovis was
not detected in three consecutive nasal swabs taken from calves approximately
every six months and was not detected in routine bacteriological clinical quarter
milk samples or periodical bulk tank milk samples using PCR to detect M. bovis.
Our studies furnish new information on the risk factors associated with M.
bovis and more knowledge on the effects of control measures in dairy farms.
Contaminated semen has been considered a risk but our studies present an actual
natural transmission to cows on two dairy farms and we were able to include
the use of contaminated semen in our risk analysis. It would be beneficial to
have M. bovis free semen available for countries that do not have M. bovis and
for those trying to control M. bovis. Control measures appeared to be effective
in dairy farms included in our study. Further research is needed to determine a
more precise length of time needed to isolate the calves from older animals on
M. bovis positive farms.

TABLE OF CONTENTS

Abstract..........................................................................................................................4
Table of contents............................................................................................................6
List of abbreviations......................................................................................................8
List of original publications...........................................................................................9

REVIEW OF LITERATURE......................................................................................10
General information on M. bovis...........................................................................10
1.1 Characterization of M. bovis..........................................................................10
1.2 Clinical effects and antibody response to M. bovis .......................................11
1.3 Welfare and economic impacts...................................................................... 13
1.4 Antimicrobial therapy and resistance...........................................................14
2 Diagnostics and identifying M. bovis positive herds.............................................14
2.1 Diagnostic methods....................................................................................... 15
2.2 Sampling types.............................................................................................. 17
2.3 Surveillance sampling.................................................................................. 20
3 External risk factors for M. bovis in cattle farms................................................. 20
3.1 Purchased cattle and animal movements ..................................................... 21
3.2 Infected milk .................................................................................................22
3.3 Purchase of embryos......................................................................................22
3.4 Fresh and processed semen and breeding bulls............................................22
3.5 Fomites and transportation vehicles.............................................................22
3.6 Visitors...........................................................................................................23
3.7 Other animal species as a source of infection...............................................23
3.8 Air transmission............................................................................................24
4 Controlling M. bovis on dairy farms......................................................................24
4.1 Slaughtering all cattle on infected farms.......................................................24
4.2 Culling or isolating M. bovis mastitis cases..................................................25
4.2.1 Handling subclinical M. bovis mastitis with low SCC ......................25
4.3 Raising young cattle separately.....................................................................26
4.4 Register of M. bovis positive farms...............................................................26
4.5 Preventive M. bovis control programs and herd health................................27
4.5.1 National voluntary M. bovis control program...................................27
4.6 Vaccines........................................................................................................ 28
4.7 Other preventive measures........................................................................... 28
1

AIMS OF THE STUDY ............................................................................................. 30

MATERIALS AND METHODS................................................................................. 31
Study design........................................................................................................... 31
Meat inspection data..............................................................................................32
Study farms............................................................................................................32
Questionnaire.........................................................................................................33
Control measures ..................................................................................................34
Diagnostic methods...............................................................................................35
6.1 Bacteriological culture...................................................................................35
6.2 Real time PCR................................................................................................35
6.3 WGS and multilocus sequence typing (MLST) analysis of the
core genome...................................................................................................35
7 Statistical methods ................................................................................................36
1
2
3
4
5
6

RESULTS................................................................................................................... 38
Meat inspection data............................................................................................. 38
1.1 Descriptive data for the bulls and cows in abattoirs A and B....................... 38
1.2 Lung lesions in meat inspection data............................................................39
1.3 Effect of M. bovis on estimated ADG and carcass condemnation................43
2 Contaminated semen used in insemination .........................................................45
3 Risk factors for M. bovis in dairy farms................................................................ 48
4 Control measures...................................................................................................50
1

DISCUSSION..............................................................................................................53
1
2
3
4

Detection of M. bovis positive herds .....................................................................53
Impact of M. bovis..................................................................................................54
Risk factors associated with M. bovis....................................................................55
Control measures ..................................................................................................57
4.1 Screening for M. bovis on farms applying control measures
against M. bovis.............................................................................................57
4.2 Effect of control measures.............................................................................59
Herd level.......................................................................................................59
National level................................................................................................. 61

STRENGTHS AND LIMITATIONS OF THE STUDIES..........................................63
CONCLUDING REMARKS ......................................................................................64
FUTURE PROSPECTS..............................................................................................65
Acknowledgements......................................................................................................66
References................................................................................................................... 68
Original publications........................................................................................................ 81

LIST OF ABBREVIATIONS

AI
AMS
ADG
BAL
BRD
BTM
Bull POS
CMT
ct-value
ELISA
FABA
IHC
IMI
Lot POS
MI
MIC
MLST
NS swab
NP swab
PCR
QMS
SCC
SNP
WCC
WGS

8

Artificial insemination
Automated milking system
Average daily gain
Bronchoalveolar lavage
Bovine respiratory disease
Bulk tank milk
M. bovis positive bull
Californian Mastitis test
Cycle threshold
Enzyme-linked immunosorbent assay
Finnish Animal Breeding Association
Immunohistochemistry
Intramammary infection
M. bovis positive lot
Meat inspection
Minimum inhibitory concentration
Multilocus sequence typing
Nasal swab
Nasopharyngeal swab
Polymerase chain reaction
Quarter milk sample
Somatic cell count
Single nucleotide polymorphisms
Whole carcass condemnation
Whole genome sequencing

LIST OF ORIGINAL PUBLICATIONS
I.

Vera Haapala, Tuomas Herva, Heidi Härtel, Elisa Pitkänen, Johanna
Mattila, Pirkko Rautjoki, Timo Soveri, Heli Simojoki. Comparison of
Finnish meat inspection records and average daily gain for cattle herds
differing in Mycoplasma bovis test-status, The Veterinary Journal. 2019;
249: 41–46.

II.

Vera Haapala, Tarja Pohjanvirta, Nella Vähänikkilä, Jani Halkilahti, Henri
Simonen, Sinikka Pelkonen, Timo Soveri, Heli Simojoki, Tiina Autio. Semen
as a source of Mycoplasma bovis mastitis in dairy herds. Veterinary
Microbiology. 2018; 216: 60–66.

III.

Vera Haapala, Nella Vähänikkilä, Laura Kulkas, Erja Tuunainen, Tarja
Pohjanvirta, Tiina Autio, Sinikka Pelkonen, Timo Soveri, Heli Simojoki.
Mycoplasma bovis infection in dairy herds – Risk factors and impact of
control measures. Journal of Dairy Science. 2020; 104: 2254–2265.

The original articles and reprint of tables and figures, slightly modified and
original, are used with the permission of the respective copyright holders: Elsevier
(I, II, III) and Fass (III). Article I is under the CC BY license and articles II and
III under the CC BY-NC-ND license.

9

Review of literature

REVIEW OF LITERATURE
1

General information on M. bovis

1.1

Characterization of M. bovis

Mycoplasmas are bacteria belonging to the class Mollicutes. Mollicutes do not
have a cell wall (Razin et al., 1998), which is why mycoplasmas do not react to
Gram stain. They are the smallest organisms capable of self-replicating without
hosts (Razin et al., 1998). There are different proposals regarding phylogenetic
placement of bacteria in Mollicutes (Gupta et al., 2018) because the group is not
phylogenetically uniform.
Different Mycoplasma species have been isolated from cattle, Mycoplasma bovis
(M. bovis) is considered to be the most pathogenic bovine mycoplasma species in
countries free of Mycoplasma mycoides subsp. mycoides, which causes contagious
bovine pleuropneumonia (CBPP). M. bovis was first detected in 1961 in the United
States from mastitic milk (Hale et al., 1962). Previously, mycoplasma mastitis cases
had been reported also in the UK and were caused by a mycoplasma resembling
M. bovigenitalium (Davidson and Stuart, 1960; Stuart et al., 1963). Subsequently
M. bovis has spread to most countries (Nicholas, 2011), recently entering New
Zealand (Boyce et al., 2021) and Finland (Vähänikkilä et al., 2019).
Prevalences of M. bovis in different countries and within herds differ. In two states
in Australia, 186 and 167 herds were tested for M. bovis mastitis with polymerase
chain reaction (PCR) analysis of bulk tank milk (BTM) (Ghadersohi et al., 1999).
Out of these herds, 43% and 62% were positive. All 258 dairy herds from Prince
Edward Island were tested using repeated sampling of BTM (Olde Riekerink et
al., 2006). Samples were cultured and had a cumulative prevalence of 1.9% of
Mycoplasma spp., including M. bovis and M. alkalescens. In an Estonian dairy
herd, the within-herd prevalence of subclinical M. bovis intramammary infection
(IMI) detected with PCR was 17.2% (Timonen et al., 2017) and during a six month
study of four dairy herds the incidence of M. bovis was 3.7 – 11% in clinical mastitis
cases (Timonen et al., 2020).
Yair et al. (2020) demonstrated with single nucleotide polymorphism (SNP) that
the isolates of M. bovis in their study were clearly clustered within the areas of
geographic origin. Isolates from Australia and China clustered separately from
isolates from Europe. Isolates from Israel were found in both of those groups
(Yair et al., 2020). Similarly Parker et al. (2016a) analysed 82 strains from various
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locations and anatomical sites in Australia and found the strains to be highly
similar.

1.2 Clinical effects and antibody response to M. bovis
M. bovis causes a variety of diseases including mastitis (Lysnyansky et al., 2016a),
pneumonia (Byrne et al., 2001) and arthritis (Constant et al., 2018). Cows with
M. bovis mastitis have subclinical or acute infections in one or several quarters.
Mycoplasma co-infections have been shown to increase somatic cell count (SCC)
(Al-Farha et al., 2017). Pneumonia, especially among calves, can cause severe
signs, including dyspnea, fever, decreased appetite or even death (Maunsell et al.,
2011). Coughing and nasal discharge can be absent (Maunsell et al., 2011). Gross
pathological findings include suppurative bronchopneumonia with cranioventral
consolidation (Caswell and Williams, 2017). Characteristic findings include white
raised caseous necrotic nodules in the lungs. Small amounts of fibrin can be found
on the pleura (Caswell and Williams, 2017). Moreover, in a study by Rodriguez
et al. (1996) different amounts of fibrin were found on the pleura in co-infections
including M. bovis. Co-infections can cause variation in the findings. Arthritis
caused by M. bovis can cause clearly swollen joints and lameness (Mahmood et
al., 2017) and M. bovis arthritis can cause polyarthritis with carpus and stifle
joints often affected (Mahmood et al., 2017). In addition, calf otitis (Lamm et al.,
2004) and reproductive disorders (Stipkovits et al., 1996) are related to M. bovis.
Decupital abscesses (Kinde et al., 1993), postsurgical seromas (Gille et al., 2016)
and endocarditis (Kanda et al., 2019) have been recorded.
The incubation period for clinical M. bovis can vary according to different clinical
forms (for example for mastitis, pneumonia or arthritis), age of the animals
and possibly virulence factors of bacteria (Calcutt et al., 2018). In experimental
infections, incubation period for M. bovis mastitis may be a few days and for
pneumonia seven days (Calcutt et al., 2018).
M. bovis has been found from the mucosal surfaces of the ear, conjunctiva, nasal
cavity, vulvovaginal tract (Punyapornwithaya et al., 2010), prepuce (Parker et al.,
2016a) and in milk (Punyapornwithaya et al., 2010) and semen (Hazelton et al.,
2018a). M. bovis has been isolated from several organs; lungs (Pothmann et al.,
2015), tonsils (Maunsell et al., 2012), heart (Kanda et al., 2019), brain tissue (Ayling
et al., 2005), udder (Pothmann et al., 2015), uterus, embryonic membranes and
inner organs of an aborted foetus (Stipkovits et al., 1996) and the abomasal content
of an aborted foetus (Byrne et al., 1999). Little research has been conducted on
M. bovis detected in faeces and urine.
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Secretion into milk can be intermittent (Gonzalez and Wilson, 2002). In M. bovis
mastitis cases, periods without shedding between 2 and 20 days have been reported
(Gonzalez and Wilson, 2002) and up to 56 days (González and Wilson, 2003).
Maunsell and Chase (2019) listed several important factors mentioned in the
literature as affecting the ability of M. bovis to avoid host immune defence
systems. M. bovis affects the immune system by altering neutrophil, lymphocyte
and macrophage function and by increasing cytokine secretion (Maunsell and
Chase, 2019). M. bovis also varies in surface antigens, possibly affecting immune
responses. Exposure to specific antibodies can cause selection for new dominant
surface lipoproteins. In addition, intracellular presence and biofilm production
possibly have an effect (Maunsell and Chase, 2019).
Some countries have experienced more severe M. bovis outbreaks in recent
years. Bürki et al. (2016) studied the strains in Switzerland and Austria. They
learned that severe M. bovis mastitis was caused by a different lineage than those
circulating before 2007, causing mainly pneumonia and subclinical mastitis. They
speculated that higher virulence might be one aspect of this (Bürki et al., 2016).
B-lymphocytes differentiate into plasma cells and produce antibodies (Kumar et
al., 2015) against antigens including some surface proteins of bacteria. Antibodies
neutralize pathogens and enhance their phagocytosis by binding to microbes and
preventing them entering cells or by coating microbes and opsonizing them and
thereby informing other cells, such as macrophages, to phagocytose them (Kumar
et al., 2015). Usually after the pathogen is destroyed, the immune system is in
a resting stage and as the pathogen re-emerges, and memory cells activate the
formation of antibodies faster (Kumar et al., 2015). Some plasma cells can produce
new antibodies for months or years (Kumar et al., 2015).
Increasing antibody titres for M. bovis can be detected in serum after 10–14 days
from the appearance of signs (Pfützner and Sachse, 1996) and antibodies can be
found in serum samples from a herd weeks or months after the outbreak (Parker
et al., 2018; Vähänikkilä et al., 2019). Antibody levels against M. bovis vary among
individual cows (Petersen et al., 2018a), making it difficult to use antibodies as a
reliable indicator of infection in individuals. Antibody levels also vary according
to the tests used (Petersen et al., 2018b). In addition to serum, M. bovis antibodies
can also be found in milk (Byrne et al., 2000).
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1.3 Welfare and economic impacts
M. bovis can cause chronic disease (Haines et al., 2001) and affect animal welfare.
Pneumonia and arthritis can cause prolonged pain and discomfort. Co-infection
with other infective agents (Thomas et al., 2002) is common, thus often making it
difficult to pinpoint the exact or only causative agent, especially in pneumonia cases.
Moreover, co-infections and preventive measures make it difficult to estimate the
costs associated with M. bovis infections. One estimated cost mentioned in 1999 in
a European Commission report was 108 million US$ per year (99 million euros) to
the US dairy industry because of M. bovis mastitis (Rosengarten and Citti, 1999).
A dairy consultancy company in the UK stated in 2018 that approximately 25–50%
of the dairy farms in the UK are M. bovis positive and that estimated costs of M.
bovis to the dairy industry are up to £15 million per year (17 million euros) (Kite
update, 2018). Estimations vary considerably and depend on what is included in
the calculations and also when they are calculated because the numbers of animals
and prices change over time. Even if the economic losses in some cases would
not be that high nationally, the economic losses can be significant for individual
farmers who experience severe M. bovis mastitis outbreaks in their herds. In a
study of M. bovis mastitis in the state of New York, 30–70% of cows had to be
slaughtered in several herds, causing enormous economic losses to individual
farmers (Gonzalez et al., 1992). Subclinical M. bovis IMI has been associated
with lower milk yield (Timonen et al., 2017) and can cause economic losses not
necessarily realized. Kissi et al. (1985) suggested that M. bovis positive semen can
cause economic losses due to fertility problems.
An estimation reported in a European Commission report in 1999 was that 16
million cattle in Europe were possibly affected by respiratory disease (ReeveJohnson, 1999). Non-fatal losses to the industry were estimated to be 576 million
European currency units (ECU). As mentioned above, it is difficult to estimate the
proportion of the respiratory diseases that are caused by M. bovis. Additionally,
in different countries the numbers vary. In one study, M. bovis was isolated in
67–100% of the samples taken from feedlot calves during a bovine respiratory
disease (BRD) outbreak in eight feedlots in France (Arcangioli et al., 2008).
Between July 2017 and September 2019, according to the New Zealand Herald,
New Zealand had used over 200 million AUD (119 million euros) in the eradication
program for M. bovis (New Zealand Herald, 2019), On top of this, compensations
to farmers were almost 100 million AUD (60 million euros) (New Zealand Herald,
2019). More than 116 000 animals have been culled in New Zealand during the
M. bovis eradication program (New Zealand Herald, 2019).
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1.4 Antimicrobial therapy and resistance
M. bovis reacts poorly to antibiotics. Without a cell wall, M. bovis has intrinsic
resistance to antibiotics that target the cell wall, such as β-lactams. (Maunsell et
al., 2011) In addition, M. bovis does not produce folic acid, making it resistant
to sulfonamides (Maunsell et al., 2011). Acquired resistance has also been
documented (Lerner et al., 2014). Resistance in M. bovis is developed mainly
by point mutation in genes; resistance due to plasmids has not been reported
(Lysnyansky and Ayling, 2016b) because no plasmids have been detected in M.
bovis (Breton et al., 2012).
Minimum inhibitory concentration (MIC) describes the effect of antibiotics on
limiting the growth of certain bacteria. As no standard clinical breakpoints
in in vitro testing have been determined for M. bovis in cattle, it is difficult to
interpret the MIC values (Lysnyansky and Ayling, 2016b), as is the case with many
veterinary pathogens. But the in vitro MIC data available indicate that resistance
to M. bovis is developing. This is supported by reports of antibiotic treatment
failures and genetic mutations. Resistance appears to be increasing towards at least
tetracyclines, macrolides, aminoglycosides, lincosamides, chloramphenicols and
fluoroquinolones (Lysnyansky and Ayling, 2016b). Similar results were presented
by Cai et al. (2019): several antimicrobials have shown elevated MIC50 levels since
the 1980s, probably resulting in reduced effectiveness. In a few antimicrobials,
MIC50 fell again in the 2000s (Cai et al., 2019).
In Finland, guidelines for use of antimicrobials recommend oxytetracycline
for treating pneumonia and arthritis caused by M. bovis (Finnish Food Safety
Authority publications, 2018). Macrolides are recommended as a second choice
in pneumonia for young stock and bulls. Antibiotics are not recommended for
treating M. bovis mastitis (Finnish Food Safety Authority publications, 2018).

2

Diagnostics and identifying M. bovis positive herds

Looking for specific signs related to certain diseases is used to detect those diseases
(Peek and Divers, 2018). Different systems related to syndromic surveillance
are used, for example, in detecting emerging diseases (Vourc'h et al., 2006)
and developed for detecting diseases at cattle auctions (Van Metre et al., 2009).
Surveillance of signs is also important in identifying M. bovis positive herds as
soon as possible. Farmers can look for signs related to M. bovis and guidance
to farmers on what signs to look for in M. bovis cases is useful. Signs do not
always correlate with bacteriological findings (van Leenen et al., 2020) but they
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Two commercial ELISA tests for diagnosing M. bovis and Western blot (WB)
were compared (Andersson et al., 2019). The sensitivities of BIO 302 ELISA and
ID Screen ELISA to M. bovis were 49.1% and 93.5% and specificities were 89.6%
and 98.6% respectively. False positive results are possible due to possible crossreactivity to other related pathogens, including other mycoplasmas. If animals do
not seroconvert or have not yet seroconverted, then negative results are possible
from infected animals.
Antibody detection from milk is also used (Parker et al., 2017b). In a study by
Petersen et al. (2018a), using BioX ELISA, higher levels of antibodies were detected
in milk with cows having M. bovis mastitis compared with cows without M. bovis
mastitis but with arthritis. On the other hand, using MilA ELISA, there was a
correlation between antibody concentrations in serum and milk (Vähänikkilä et
al., 2019).
PCR is used more frequently in diagnostics of M. bovis. PCR detects short speciesspecific DNA sequences of DNA. Thus parts of the M. bovis genome can be detected
even from destroyed bacteria; an advantage over culture, which detects only living
bacteria. PCR can give false negative results if an animal is not shedding bacteria
at the time of sampling or the numbers of bacteria gathered are too small. PCR
detected M. bovis from 10 to 103 CFU/ml with real-time PCR assays from different
laboratories (Wisselink et al., 2019). The oppD gene used as the PCR target gene
is validated in analysing milk samples with a limit of detection of 1 x 102 CFU/
ml (Parker et al., 2018). PCR can also give false positive results. Wisselink et al.
(2019) compared six different PCR methods used in Europe. One method tested
a sample with M. agalactiae as being M. bovis positive, but other methods were
comparable for specificity. In addition, few weakly positive results with high cycle
threshold (Ct) values of between 37 and 40 were gathered from other Mycoplasma
strains (Wisselink et al., 2019). This emphasizes the importance of setting cut-off
values during validation in laboratories (Wisselink et al., 2019).
Culture of M. bovis requires special broth, a CO2 atmosphere and two weeks of
incubation. Furthermore, the swab samples must be transported in a specific
medium. Normal routine culturing of, for example, milk samples does not include
M. bovis (Adkins et al., 2017). On the other hand, culture enables antibiotic
susceptibility detection and whole genome sequencing (WGS).
As a more recent technique, matrix-assisted laser desorption/ionization-time of
flight mass spectrometry (MALDI-TOF MS) is also a diagnostic method that can
be used to identify M. bovis (Bokma et al., 2020; McDaniel and Derscheid, 2021).
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After an enrichment and culturing procedure, it is a quick method and seems to
be a promising diagnostic test in veterinary laboratories (Bokma et al., 2020).
IHC has also been used to detect M. bovis (Adegboye et al., 1995), most often from
lungs and joints (Haines et al., 2001). IHC is based on the immunohistochemical
staining of the antigens of M. bovis. Sometimes when lesions with co-infections
are identified as M. bovis positive with IHC (Adegboye et al., 1995), it indicates
that M. bovis has had a role in the cause of the lesion.

2.2 Sampling types
Samples analysed for M. bovis are usually taken from suspected cases or as
screening samples from asymptomatic animals (Figure 1). In addition to samples
from living animals, post-mortem samples are also taken, for example, in pathology
(Byrne et al., 2001; Lamm et al., 2004) and slaughterhouses (Radaelli et al., 2008;
Kanda et al., 2019). M. bovis positive herds with no clear signs are difficult to
identify, so they play an important role in spreading the infection.
Mucosal smears from asymptomatic or symptomatic animals from different
locations have been used, including conjunctival, ear, vaginal, nasal (NS) and
deep nasopharyngeal (NP) swabs (Alberti et al., 2006; Foster et al., 2009;
Punyapornwithaya et al., 2010; Vähänikkilä et al., 2019).
Results from different samples can vary. Positive NP swab culture results correlated
well with M. bovis positive lung lavage results, but the negative predictive value
of NP swab results was only 33% (Godinho et al., 2007). Thus in some cases the
NP swab can be negative even though the lung lavage is positive, resulting in
false negative results. Thomas et al. (2002) reported that nasal cultures did not
correlate well with lung lavage samples in their study of animals in necropsy. In
a study by Doyle et al. (2017), NS and NP had good results in determining M.
bovis (PCR) in the lower respiratory system of animals with acute respiratory
disease when comparing with transtracheal wash. Animals in this study had not
had previous antibiotic treatments for bovine respiratory disease (BRD) or any
other disease. Knowledge of possible false negative results must be taken into
consideration when using NS or NP swabs, at least at individual level. Allen et
al. (1991) concluded that even though NP swabs (culture) at individual level are
not always reliable, they could be reliable at group level if the sample size is large
enough. In addition, there is most probably a difference if you aim to sample
animals with lower respiratory infections or asymptomatic animals. Different
analysis methods, culture or PCR, have to be considered, when comparing results
from different samples. M. bovis has been found in palatine and pharyngeal tonsils
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after oral inoculation (Maunsell et al., 2012). In addition, in our preliminary results
presented in a conference abstract, we concluded that tonsil samples could be
used in detecting carrier animals, even though more research with asymptomatic
carrier animals is needed to compare the sensitivity between tonsils and other
organs (Haapala et al., 2019). Also Buckle et al. reported in 2020 that palatine
tonsillar crypts were seven times more sensitive than bronchi to detect M. bovis
DNA post-mortem.
Lung lavage (Thomas et al., 2002) and NP swab have been used in clinical
pneumonia cases. Lung lavage and guarded NP swabs are also good for avoiding
contamination and to test M. bovis isolates for antibiotic susceptibility. Swabs
from the nasal cavity, conjunctival sac and the vagina were gathered from 16
cows with recent clinical M. bovis mastitis (Hazelton et al., 2018b). M. bovis was
detected from 3% of the vaginal samples and not in conjunctival or nose swabs
(culture). They concluded that these sites sampled once do not seem to be effective
in detecting subclinical infection in cows (Hazelton et al., 2018b). The nose swab
used was a short 15 cm swab, which would not reach far in cows. On the other
hand, in a case study (Punyapornwithaya et al., 2010) several swabs from different
body sites were M. bovis positive (culture). Animals were sampled (nose, ear,
conjunctiva, vulvovaginal tract) four times during one year, starting at the time
of M. bovis mastitis cases. The prevalence of positive samples was highest in the
first sampling (Punyapornwithaya et al., 2010).
Semen samples from bulls, both fresh and frozen were examined (Amram et al.,
2013; Parker et al., 2017a; Hazelton et al., 2018a). Semen samples can be used in
epidemiology but also to screen breeding bulls. Prepuce smears and semen samples
had a surprisingly low prevalence (3%) of M. bovis (culture) post-breeding in the
study of Hazelton et al. (2018a) even though there was widespread seroconversion
of bulls. This implies that taking prepuce smears or semen samples from single
bulls is not that effective for detecting bulls infected with M. bovis. As secretion
can be intermittent from other sites (Gonzalez and Wilson, 2002), semen samples
taken at a single time point might not detect all positive bulls. Semen samples are
also used in analysing semen lots used for insemination.
Quarter milk samples (QMS) or composite milk samples (Radaelli et al., 2011;
Lysnyansky et al., 2016a) can be taken from individual animals and BTM sample
can be used to screen the herd status. In large herds, M. bovis positive milk from
one single cow might be diluted and M. bovis not detected, although in a herd
of 370 cows, single excretors of M. bovis mastitis were detected by culture from
the BTM (Bicknell et al., 1983). Naturally, discarded milk is not included in the
BTM samples.
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Due to the intermittent shedding in milk, the sensitivity of a single milk samples
was 24% in a study by Gonzalez and Wilson (2002). They monitored cows with M.
bovis positive IMI for several months. The sensitivity of a BTM culture was 33% in
the case of Mycoplasma spp. (Gonzalez and Wilson, 2002). If three BTM samples
taken 3–4 days apart are cultured negative, the estimated probability for all the
cows to be negative for Mycoplasma spp. is 70% (Gonzalez and Wilson, 2002).
According to this, seven samples in a row increase the estimated probability to
94%. Wilson et al. (2009) used a sensitivity of 50%, and calculated that five BTM
samples cultured, taken 3–4 days apart, would increase the sensitivity to 97%.
Analysing milk samples is very important so that the M. bovis mastitis cows
can be recognized as quickly as possible to stop the spread of infection. In many
countries, only samples of suspected M. bovis mastitis cases are sent for special
culturing or PCR detecting M. bovis. These are usually acute cases not reacting to
antibiotics or spreading to several quarters. In this way cases might be overlooked
as M. bovis mastitis can be subclinical (Higuchi et al., 2013) or they can be acute
cases just in one quarter (Calcutt et al., 2018).
Serum and milk samples can be used to detect antibodies against M. bovis
(Vähänikkilä et al., 2019). Using serum antibodies in diagnostics needs large
numbers of samples from one herd. In New Zealand (Ministry for Primary
Industries, Biosecurity, 2020), as part of their control program, 100 blood samples
are taken from each herd randomly at least twice from the farms supporting an M.
bovis infection. We took a maximum of 60 samples from different age groups four
times every six months in a research project (Vähänikkilä et al., 2019). Detecting
antibodies from BTM samples still needs more research.
Samples can also be taken from other suspected lesions. In arthritis cases, synovial
fluid samples (Constant et al., 2018) have been used. In Belgium, animals with
joint infections and pneumonia caused by M. bovis had postsurgical seromas
tested positive after caesarean section (Gille et al., 2016). In the USA, M. bovis
was detected from decubital abscesses (Kinde et al., 1993).
Overall diagnostics of M. bovis still need improvement, especially to detect
asymptomatic carrier animals. Combinations of different samples and analysis
methods are used in herd diagnostics.
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2.3 Surveillance sampling
In addition to individual sampling on farms, herds can be tested as part of
national surveillance. BTM samples can be taken to screen a large numbers of
herds (Ghadersohi et al., 1999; Olde Riekerink et al., 2006). As mentioned, BTM
sampling has its weaknesses, but nationally it provides an idea of the prevalence
of M. bovis mastitis at the point of sampling. We describe in Vähänikkilä et al.
(2019) that in only 26% of the M. bovis positive herds, the BTM samples were
M. bovis positive and in many of the herds M. bovis circulated for a longer time.
Antibody detection could be more useful to detect previous exposure than PCR or
culture of M. bovis bacteria from BTM (Parker et al., 2017b). Additionally, other
screening methods need to be used nationally to find M. bovis positive herds that
do not have M. bovis mastitis.

3

External risk factors for M. bovis in cattle farms

Biosecurity risk factors are usually divided into two categories, internal and
external. Internal factors describe risk factors for the disease to spread within
the farm. Contact within different animal groups can spread the infection from,
for example, older animals in the adjacent pens (Timsit et al., 2012). Schibrowski et
al. (2018b) considered shared water sources among pens to be a risk factor. Stress
factors such as mouldy feed and overcrowding have also been associated with an
M. bovis outbreak (Aebi et al., 2015). External risk factors include factors affecting
the introduction of a disease to the farm. Overview of the putative external risk
factors for M. bovis in cattle farms are listed in Table 1.
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Table 1. Overview of putative external risk factors for Mycoplasma bovis in cattle farms
Risk factor

Reference

Purchased cattle /
animal movements

Amram et al., 2013; Schibrowski et al., 2018b; Murai and Higuchi,
2019; Fujimoto et al., 2020; Pardon et al., 2020; Aebi et al., 2015.

Infected milk

Butler et al., 2000; Parker et al., 2016b; Gille et al., 2018a; Timonen
et al., 2018; Timonen et al., 2020; Gille et al., 2020.

Purchase of embryos

Bielanski et al., 2000; Peippo et al., 2019.

Fresh semen /
breeding bulls

Wrathall et al., 2007; Parker et al., 2017a; Hazelton et al., 2018a;
Gille et al., 2018b.

Processed semen /
Insemination

Kissi et al., 1985; Visser et al., 1999; Wrathall et al., 2007; Amram et
al., 2013; Pohjanvirta et al., 2020.

Fomites (clothing,
equipment, pens)

Ruffo et al., 1974; Piccinini et al., 2015.

Transportation vehicles

Sternberg-Lewerin et al., 2015.

Visitors

Nöremark et al., 2013; Sternberg-Lewerin et al., 2015.

Other species

Madoff et al., 1979; Bocklisch et al., 1987; Dyer et al., 2004; Ongor
et al., 2008; Spergser et al., 2013.

Air transmission

Jasper et al., 1974; Otake et al., 2010; Soehnlen et al., 2012.

3.1 Purchased cattle and animal movements
Purchasing animals from other farms represents a risk for introducing M.
bovis (Murai and Higuchi, 2019; Fujimoto et al., 2020) because animals can be
asymptomatic carriers. Recently purchased cattle housed in the same airspace
represented a risk factor for M. bovis in a study by Pardon et al. (2020). A closed
herd would be ideal, but it is not always possible because in some herds breeding
animals have to be purchased. Amram et al. (2013) suggested a link between
imported calves and an M. bovis outbreak in a dairy farm. Movement of a farmer’s
own cattle can also be a risk for M. bovis. Animal movements, which included
cattle shows in addition to trade, were considered a potential risk factor in a
univariable analysis by Aebi et al. (2015). Farmers do not always realize the risks
of moving their own animals to fairs or other farms and then taking them back
into their own herd. In addition, cattle grazing on joint pastures could enable
contact with neighbouring cattle.
Because animals with M. bovis can be asymptomatic for a long time
(Punyapornwithaya et al., 2010) keeping animals in quarantine for a few weeks
does not help. Frequent animal movements are considered a potential risk for M.
bovis outbreaks due to stress (Aebi et al., 2015). Calves treated with dexamethasone
shed M. bovis for a longer period than the control group (Alabdullah, 2017). In
addition, dexamethasone treatment affects neutrophil function against M. bovis
(Alabdullah et al., 2018). This might partly explain the association found between
stress and M. bovis outbreaks (Alabdullah et al., 2018).
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3.2 Infected milk
Infected milk as an external risk is not as common as an internal risk. It can lead
to infection on a farm if colostrum is bought from another farm. Pasteurization
of discarded milk (Butler et al., 2000) and acidification of milk (Parker et al.,
2016b) fed to calves are considered efficient methods for avoiding infection of the
calves. Freezing and thawing colostrum as part of the normal routine on farms
did not destroy all of the viable M. bovis (Gille et al., 2018a). Considering the
risk represented by colostrum, M. bovis has been detected in the first milking
postpartum (Timonen et al., 2018) (Gille et al., 2020). The estimated prevalence
of M. bovis in colostrum was 1.7 – 4.7% in four endemically M. bovis infected
herds (Timonen et al., 2020).

3.3 Purchase of embryos
Embryos are often used instead of importing animals and this practice is considered
to represent a lesser risk from a disease control point of view. Bielanski et al. (2000)
reported that M. bovis was found in all washed embryos with higher exposure to
M. bovis (1×106 CFU/ml) and in 60% of the ones with lower exposure (1×104 CFU/
ml). In contrast, Peippo et al. (2019) concluded that using naturally infected semen,
M. bovis is not likely to be transmitted during bovine in vitro embryo production.

3.4 Fresh and processed semen and breeding bulls
M. bovis has been detected from fresh (Parker et al., 2017a) and processed semen
(Amram et al., 2013). Using breeding bulls has been identified as a risk factor for
having ELISA positive or M. bovis detected with PCR from the BTM samples
(Gille et al., 2018b). In addition, the M. bovis seroprevalence in breeding bulls
increased after breeding, indicating that breeding bulls are potential mycoplasma
carriers among and within herds (Hazelton et al., 2018a). The same strain of M.
bovis was isolated from bull’s prepuce and milk in Australia (Parker et al., 2016a).
Visser et al. (1999) reported the failure of antibiotics to eliminate M. bovis totally
in fresh bovine semen frozen with antibiotics (gentamycin, tylosin, lincomycin
and spectinomycin). In recent studies, Pohjanvirta et al. (2020) had similar results
with commercial semen, using culture to detect viable bacteria and real-time PCR
to detect M. bovis from the broth culture.

3.5 Fomites and transportation vehicles
According to the results from one study, M. bovis can survive in manure for 236
days and 23 days in water (Ruffo et al., 1974). In direct sunlight and at higher
temperatures, M. bovis lasts a shorter time (Ruffo et al., 1974). Contaminated tools
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or other items can transfer M. bovis if used among farms. In a veal herd, most of
the M. bovis isolates obtained from the calves, cages and mangers were similar
in molecular type, indicating that the animals could have been infected from the
surroundings (Piccinini et al., 2015). Similarly, positive animals could contaminate
transportation vehicles and if the vehicles are not cleaned and disinfected, the
next lot can be exposed to M. bovis. Sternberg-Lewerin et al. (2015) calculated
that a theoretical number of contacts with transportation vehicles in a 180 cow
dairy herd was 20 contacts a year.

3.6 Visitors
Regular visitors on cattle farms include veterinarians, AI technicians, hoof
trimmers, equipment technicians, animal transporters and deadstock collectors.
Other potential visitors include food advisers and neighbours. Larger cattle
farms have more professional visits than smaller farms (Nöremark et al., 2013).
Sternberg-Lewerin et al. (2015) concluded that in addition to the prevalence of an
endemic disease affecting the risk of getting the infection on a farm, the number of
contacts between farms also has an effect. In addition, surprisingly many visitors
have direct contact with the animals even though it is not necessary (Nöremark
et al., 2013).

3.7 Other animal species as a source of infection
Mycoplasmas are generally host-specific, but M. bovis has been occasionally
isolated in several other species (Madoff et al., 1979; Bocklisch et al., 1987; Dyer et
al., 2004; Ongor et al., 2008; Spergser et al., 2013). Dyer et al. (2004) described an
outbreak and isolation of M. bovis among farmed white-tailed deer with pulmonary
lesions. Deer were kept on pasture and nose-to-nose contact with wild animals
could have been possible. The nearest cattle were situated on the other side of a
road (Dyer et al., 2004). Ongor et al. (2008) reported M. bovis in broiler chickens.
M. bovis was isolated from three flocks on one farm in which cattle were in close
contact with the poultry. Those birds had no signs related to M. bovis infection
(Ongor et al., 2008). Spergser et al. (2013) reported M. bovis in pigs. The outbreak
included several animals in a dairy herd and pigs kept on the same pasture. All
ten pigs on the pasture showed respiratory signs. Three pigs were euthanized
and had M. bovis infections. The suspected source of infection in pigs was the
contaminated whey they consumed (Spergser et al., 2013). M. bovis isolated from
sheep was mentioned by Bochlisch et al. (1987). In addition, M. bovis has been
isolated from a human (Madoff et al., 1979). Madoff reported that M. bovis was
detected in a patient with severe respiratory signs, but no antibodies for M. bovis
in the serum were found. On the other hand, antibodies for M. pneumoniae were
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detected and they clearly diminished eight months later, suggesting that even
though M. pneumoniae was not isolated, it seems to have caused the symptoms.
The role of M. bovis was unclear. The patient had handled cow manure in the
garden three weeks before getting symptoms but had no contact with cattle
(Madoff et al., 1979). M. bovis in species other than cattle seems to be rare but
such species have to be taken into consideration when analysing all risk factors.

3.8 Air transmission
Infections can spread through air transmission. Jasper et al. (1974) placed
agar plates in two M. bovis positive veal barns and cultivated one colony of
M. bovis from one barn. On the other hand, Soehnlen et al. (2012) reported
that mycoplasma was not detected from several air samples taken in a barn.
This difference could possibly be due to a different infection pressures. M.
hyopneumoniae bacteria affecting pigs have been reported from over 9 km from
the herd after air transmission and they remained infective (Otake et al., 2010).
This might indicate that under suitable weather conditions spread of M. bovis
from nearby herds is possible.

4

Controlling M. bovis on dairy farms

External biosecurity risk factors are important in avoiding getting a new infection;
but controlling M. bovis is mainly based on internal biosecurity issues in the
herd. Different ways of controlling M. bovis include slaughtering all animals,
culling or isolating M. bovis mastitis cases or raising young stock separately for
their entire lives.

4.1 Slaughtering all cattle on infected farms
New Zealand identified its first case of M. bovis in 2017. They are trying to
eradicate M. bovis by intensive testing and slaughtering all cattle on infected
farms (Ministry for Primary Industries, Biosecurity, 2020). It is still unclear if
they will be successful in eradicating M. bovis from the whole country. With
the need to reduce antibiotic use and the economic losses M. bovis causes, in
addition to welfare issues, more effective control measures would be beneficial.
As it seems hopeless with asymptomatic animals spreading the disease and
animals moving from farm to farm or to marketplaces and shows, most people
have accepted that without expensive wipe-outs, as in New Zealand, we are merely
attempting to manage with M. bovis. In individual herds, control measures have
been implemented worldwide. Pothmann et al. (2015) described a case in Austria
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where an entire herd of 19 cows, including young stock, was slaughtered due to
a severe M. bovis outbreak. Thorough cleaning was done and new animals were
brought in after 14 days.

4.2 Culling or isolating M. bovis mastitis cases
Cows with M. bovis mastitis are recommended for either isolation or culling
(Nicholas et al., 2016). Early recognition of few infected animals supports culling
or removal. In prolonged situations with several animals involved, Nicholas et al.
(2016) suggested segregation of mycoplasma mastitic cows and culling of more
severe cases. It seems that culling or isolating the M. bovis mastitis cases is often
used in control (Bicknell et al., 1983; Byrne et al., 1998; Punyapornwithaya et
al., 2012). Bicknell et al. (1983) described eradication of M. bovis from the cows
in a dairy herd in Great Britain. Severe M. bovis mastitis cases and prolonged
excretor cows were culled. Cows were followed with sampling for two years and
culled if they continued excreting. In addition to milk samples, nasal swabs were
taken once. Eventually eight cows remained on the farm that had been positive
at some time (Bicknell et al., 1983). Byrne et al. (1998) described eradicating M.
bovis mastitis on a dairy farm in Ireland. Their strategy was to identify, segregate
and cull M. bovis mastitic cows. On that farm, there were no subclinical cases
other than those among cows that had had acute mastitis before. Some calves had
respiratory signs and M. bovis was detected. The calves were not culled (Byrne
et al., 1998).
Punyapornwithaya et al. (2012) reported no advantage in culling M. bovis mastitic
cows for the control of M. bovis mastitis. Controlling M. bovis among young
stock was not evaluated. Similarly, Bray et al. (1997) presented at a Florida Dairy
Production Conference in 1997 that not all M. bovis mastitic cows should be
automatically culled due to economic losses.

4.2.1 Handling subclinical M. bovis mastitis with low SCC
M. bovis IMI with low SCC has been reported (Higuchi et al., 2013). Low SCC M.
bovis IMI is usually detected only if all cows are sampled or if BTM is used: if
missed they could affect control of M. bovis. In different studies, the prevalence
of subclinical M. bovis IMI varies. In addition, the amount and relevance of low
SCC M. bovis IMI in recent infections versus that on farms with a long history
of M. bovis is unclear.
In the study of Hazelton et al. (2020a), the apparent prevalence of subclinical
M. bovis IMI in the main milking groups was 0–0.2% using PCR in four herds.
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This differs from the within herd prevalence of 17.1% for subclinical M. bovis IMI,
also using PCR, reported for one dairy farm in Estonia by Timonen et al. (2017).
There are few studies on M. bovis IMI specifically with low SCC. Pinho et al.
(2013) stated that they had three Mycoplasma spp. positive cows (culture + PCR)
with low SCC in The Californian Mastitis Test (CMT) in five mycoplasma positive
herds (37 – 143 cows). Gonzalez and Wilson (2003) mentioned that they had
seen cows cultured as M. bovis positive for almost the whole lactation period
and the SCC ranged from 60 000 cells/ml to 115 000 cells/ml. In a study by
Higuchi et al. (2013), out of 124 quarters infected with M. bovis among 22 M.
bovis positive herds, nine QMS (7%) had SCC<200 000 cells/ml (geometric mean
82 000+75 000 cells/ml). These had only one Mycoplasma species detected;
samples with more than one species were evaluated separately. It was not specified
if some of the nine QMS samples were from the same cow. In a study by Hazelton
et al. (2020a), four dairy herds (444 – 816 cows) with recent clinical outbreak of
M. bovis, were sampled to detect subclinical M. bovis IMI after all clinical M.
bovis mastitis cows had been removed from the main milking group or had been
culled. Among the main milking group, only one cow from the four herds was PCR
positive with SCC<200 000 cells/ml (163 000 cells/ml). This sample was culture
negative, and during the subsequent six samples it was PCR and culture negative.

4.3 Raising young cattle separately
Even though raising calves separately from older animals is mentioned as a
recommended measure or a possible way of ensuring M. bovis free herds (Brys
et al., 1992; Pfützner and Sachse, 1996; Aebi et al., 2015), it does not seem to be
used widely. Pfutzer and Sachse (1996) mentioned that elimination of M. bovis
would be possible by raising calves separately for their entire lives, but concluded
this to be too laborious and expensive.

4.4 Register of M. bovis positive farms
By registering M. bovis positive farms, animal movements can be planned
accordingly to avoid spreading infectious diseases. In Finland, M. bovis cases
have to be reported monthly to the Finnish Food Authority. In addition, M. bovis
positive farms are identified through a centralized national health register system,
Naseva (Animal Health ETT, Naseva, 2020), maintained by Animal Health ETT
(Animal Health ETT, 2020), an organization owned by the various interested
parties. Over 86% of the dairy farms in Finland are included in the register, and
92% of the cows (Animal Health ETT, Naseva, 2020). Farmers buying animals
can ask for a health certificate, which will mention if the farm has had infectious
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diseases lately or signs related to them. In addition, if there is an acute outbreak
on the farm, drivers transporting slaughter animals, calves or deadstock or milk
truck drivers can plan their picking route accordingly. This register is used and
information added to aid in situations where an infectious disease is detected on
the farm. Farms with infectious diseases, for example M. bovis, have a “special
situation” mentioned in the register. In this way animal trade can be avoided
until the situation has been resolved and transportation of animals for slaughter
is easier to plan.

4.5 Preventive M. bovis control programs and herd health
Routine samples can be taken from animals to screen for M. bovis in a herd. In
Finland Animal Health ETT has maintained a voluntary M. bovis control program
since 2013 (Animal Health ETT, Mycoplasma bovis, 2020). New Zealand (Ministry
for Primary Industries, Biosecurity, 2020) has practised intensive testing, tracking
M. bovis positive herds and culling all cattle on these farms. Herd health care
with routine veterinarian visits is practised in many countries. Although often
occupied with fertility issues and rectal examinations, these visits also help to
identify the animals with signs related to M. bovis and improve the biosecurity
on the farm to prevent infectious diseases taking a hold.

4.5.1 National voluntary M. bovis control program
The purpose of the voluntary M. bovis control program maintained by Animal
Health ETT in Finland is to increase safe animal trade. Farms in the program
are either at A-level or the joining level (Autio et al., 2021). The remainder of the
farms are divided into groups according to the risk of M. bovis: low risk level, M.
bovis status unknown, M. bovis suspected and M. bovis detected. Low risk farms
are farms under surveillance but not actually in the program. M. bovis positive
farms can reach low risk level with certain requirements and then their special
situation is removed from the register.
Farms in the same group can sell cattle to farms on the same level or lower. Farms
reach the joining level after a herd veterinarian visit and negative NS samples
from 20 calves and a negative BTM sample. NS samples and BTM are analysed
with PCR to detect M. bovis. After a second set of negative NS samples and BTM
within 4–8 months, the farm reaches A-level. If the farm wants to sell cattle, a set
of negative smears and bulk BTM samples have to be taken every 4–8 months. If
there is a break in the sample taking, a new set of two samplings has to be done
if the farm sells animals again. In addition, the herd veterinarian visits twice a
year to monitor signs. Samples have to be taken from cattle with signs related to
M. bovis and most of the acute mastitis cases have to be analysed with PCR to
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detect M. bovis. The farm veterinarian provides a written biosecurity control plan
related to infectious diseases on the farm.
Altogether 536 farms were included in the voluntary control program by May
2020, including some suckler cow farms. In 2019, there were 6350 dairy herds
in Finland. Small farms in the program are experiencing difficulties in getting
enough samples due to low numbers of calves. In addition, farms selling cattle
only occasionally find the program to be too expensive and too laborious. Farmers
pay for the sample collection and laboratory expenses themselves.

4.6 Vaccines
Vaccines have been studied and developed but not widely used because they are
not sufficiently effective or available (Calcutt et al., 2018).
Because M. bovis has a high level of antigenic variation, it makes it difficult to
make protein-based vaccines (Perez-Casal et al., 2017). Different studies have been
conducted to find proteins that are similar enough in different strains (Perez-Casal
et al., 2017). Bacterin-based vaccines have been produced but their effect under
field conditions has not been proven to be effective enough (Perez-Casal et al.,
2017). Nicholas et al. (2019) reported that autogenous vaccines were efficient in
reducing severe lung lesions in calves in three trial farms under field conditions.
Live-attenuated vaccines against mycoplasmas of other species, or even cattle, are
used but not yet against M. bovis (Perez-Casal et al., 2017).
Perez-Casal et al. (2017) reported that many vaccine studies have tested the effect
on M. bovis only, and have not taken into account the co-effect of bovine viral
diarrhoea (BVD) or bovine herpes virus (BHV). Perez-Casal et al. (2017) made a
co-challenge model to test experimental vaccines. The calves that had previously
been exposed to BHV-1 and then introduced to M. bovis became infected in spite
of the vaccine. The calves with only M. bovis or previous exposure to BVDV-2
were not (Perez-Casal et al., 2017).
Research is still needed to create a vaccine with clear proof of its effect under field
conditions. Until then, other methods need to be used to control the infection.

4.7 Other preventive measures
Pasteurization (Butler et al., 2000) and acidification (Parker et al., 2016b) of
infected milk are possible, and can be used if milk is fed to calves in M. bovis
positive herds. Even though it seems that the prevalence of M. bovis in colostrum
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is low (Timonen et al., 2020), pasteurization of colostrum might be necessary for
some farms. According to Godden et al. (2003), pasteurizing colostrum lowers the
Ig concentration levels, but by giving sufficient amounts of high quality colostrum,
the calves might get sufficient antibodies. However, if such a system were to be
used, it would need to be carefully monitored to make sure that calves got sufficient
antibodies. There is not sufficient research on acidification of colostrum, but in
one study some calves refused to eat 1/4 of the acidified colostrum fed to them
starting at the age of three days (Uzmay et al., 2003) – presumably because of
the altered taste.
Milking hygiene is considered important in controlling M. bovis mastitis and is
mentioned in studies (Bicknell et al., 1983; Punyapornwithaya et al., 2012). Teat
dipping can be used and effective products are available against M. bovis (Boddie
et al., 2002). Placing sick animals in hospital pens, basic hygiene, avoiding stress
and overcrowding with good air ventilation are also important.
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Aims of the study

AIMS OF THE STUDY
The general aim of the thesis was to develop tools to prevent and control M. bovis
at herd and country level. These goals in more detail were:
1.

To investigate if meat inspection (MI) data can be used as a tool to find new
undetected M. bovis positive farms (I).

2.

To study if average daily gain (ADG) of bulls at slaughter differ among animals
from M. bovis positive farms and animals from control farms (I).

3.

To investigate if contaminated semen used in insemination can introduce M.
bovis into a dairy herd (II).

4.

To establish risk factors for M. bovis in a country experiencing infections for
the first time (III).

5.

To investigate if control measures implemented on dairy farms help the
farmer to lower the risk of M. bovis detected on the farm (III).
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MATERIALS AND METHODS
Comprehensive materials and methods are described in the original publications
I–III.

1

Study design

Article I includes an observational prospective cohort study. Meat inspection (MI)
records from two abattoirs were analysed and it was determined if they could be
used to help identify M. bovis positive farms. In addition, ADG was compared
in the two abattoirs among bulls originating from herds of different M. bovis
test-status.
Article II includes a retrospective case study and describes introduction of M.
bovis into two naive herds via contaminated processed semen.
Article III comprises two studies: an observational case-control study and an
observational prospective cohort study. The case-control study included comparing
risk factors for introduction of M. bovis into a farm. Risk factors were evaluated
with a questionnaire filled for case and control farms and the cohort study aimed
to see if a farm could reach low risk level for M. bovis by adopting the suggested
control measures. Low risk level meaning here that M. bovis was not detected in
three consecutive NS swabs taken from calves approximately every six months
and was not detected in routine bacteriological clinical QMS or periodical BTM
samples using PCR to detect M. bovis. The impacts of control measures were
measured with NS swab sampling of calves every six months at least four times
and using PCR to detect M. bovis during analysis of mastitis samples.
Sample sizes were not calculated a priori. In article I, all meat inspection data were
included between April to December 2015 from two abattoirs, which are among
the largest in Finland and were involved in the project. Article II included two
closed M. bovis positive dairy herds known to have used semen from a M. bovis
positive bulls in insemination. In article III, in the risk factor analysis, all new M.
bovis positive dairy herds in Finland whose farmers were willing to participate
were included and the same number of control farms were asked to join, resulting
in 40 case herds and 30 control herds. In the control measures study, 19 of the
M. bovis positive farms joined the study in time to participate in the evaluation
of the impact of control measures.
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2

Meat inspection data

Meat inspection data from two abattoirs in Finland, including data from 71 747
animals, were collected during April to December 2015. Animals furnishing the
data were divided into four categories according to their M. bovis status, which
was determined according to the rearing and slaughtering farms from which
they originated (Table 2). A fifth category consisted of animals from these same
farms during the study year, but before the animal was determined to be M.
bovis positive or contact with M. bovis positive farms was established. At the
beginning of the project, the same veterinarian visited both meat inspection
lines to ensure concordance in interpreting lesions. After the nine-month study
period, lung lesion data were collated from meat inspection data, including data for
pneumonia and pleuritis lesions. For abattoir B, they were not available separately
and those cows were not included in the analysis of lung lesions because there
were not sufficient M. bovis positive dairy farms sending animals to abattoir B
at that time. Whole carcass condemnation (WCC) data for cows and bulls from
both abattoirs were included. In addition, ADG was analysed from all the bulls
that survived until slaughter.
Table 2. Description of M. bovis categories.
Origin of the animals
Category S+R+

Positive slaughtering farm
Positive rearing farm

Category S+R-

Positive slaughtering farm including dairy farms
Negative or non-existent rearing farm

Category ScR+

Contact slaughtering farm
Positive rearing farm

Category ScR-

Contact slaughtering farm including dairy farms
Negative or non-existent rearing farm

Category B+/c

Animals from farms before the
contact or positive M. bovis laboratory result

Control

Animals not included in the other categories

3

Study farms

In article III, risk factors for M. bovis were evaluated on 40 case farms and 30
control farms (Table 3). Nineteen of the case farms were followed and sampled
at least four times, approximately every six months (follow-up farms) to monitor
the impact of control measures. Article II included two of the M. bovis positive
herds from the follow-up farms.
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Table 3. Description of the study farms in article II and article III. Case farms in article II and followup farms in article III are included in the case farms in article III.
Article II

Article III

Case farms

Case farms

Control
farms

Follow-up
farms

2

40

30

19

61 (61)

81 (58)

76 (63)

84 (61)

2

27

22

13

Tie stall

0

12

8

6

Combi

0

1

0

0

Parlour

0

10

4

4

Automated milking system
(AMS)

2

18

18

9

Pipeline

0

12

8

6

Amount of herds
Mean herd size (median)
Type of stall
Loose stall

Milking system

Follow-up farms were screened in more detail and epidemiological data from two
dairy herds showed that typical infection sources were not identified. Those herds
were studied in more detail for article II. Information regarding mainly external
biosecurity issues was gathered from the farmer and the centralized health care
register (Naseva) maintained by Animal Health ETT. Insemination dates, lots
and bulls were gathered from the Finnish Animal Breeding Association (FABA).

4

Questionnaire

Farmers from case and control farms in article III answered an online questionnaire
with questions related to internal and external biosecurity matters to evaluate risk
factors for M. bovis. Questions related to the following matters were included; farm
details (stall system, milking system, number of cows, milk production), animal
movements (contract heifer unit, imported animals or embryos, domestic embryos,
animals attending fairs or visiting other farms or places and other cattle visiting),
visitors (hygienic lock, boots and overall provided and worn by different visitor
groups), calves (when separated from the cow, some colostrum obtained from
other farms, high SCC milk fed to calves without pasteurization, calf premises and
rearing own bull calves for meat), signs related to M. bovis occurring in the last
three years in different animal groups, details related to mastitis detection (for
example laboratory methods and all mastitis cases sampled) and the presence of
other infectious diseases.
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The farmer or the veterinarian recorded the numbers of purchased cattle, number
of cows and milk production from the national centralized health care register
(Naseva) obtained by Animal Health ETT. Case farmers were asked additional
questions, for example about the M. bovis mastitis cases.

5

Control measures

Control measures recommended to the 19 follow-up farms in article III are listed
in Table 4.
Table 4. Control measures evaluated against M. bovis on 19 follow-up dairy farms.

1
2
3

4

Target

Control Measure

Abbreviation

Cows

Culling of subclinical and clinical M. bovis mastitis cows

Culling

1

Cows

Analysing milk samples with PCR detecting M. bovis

PCR

Calves

Calves put in cleaned and disinfected pens3

Pens

Calves

Calves were isolated from other cattle to at least three months of
age (outside or other barn)

Isolation

Calves

Length of prevention of nose-to-nose contact with known positive
cattle, including time in isolation4

No contact

2

After confirmation of the laboratory result.
Milk samples from high somatic cell count (SCC) cows and periodic bulk BTM samples.
Calves had no contact with the known positive calves; pens were to be cleaned and disinfected when
moving the first group of presumably negative calves to the next pen where known positive cattle have
been (encouraged to be continued at least as long as nose-to-nose contact was prevented between
animals in adjacent pens).
Prevented < 3 months, prevented to the age of three months or under six months, prevented until the age
of at least six months.

In addition to these control measures, recommendations were made that were
related to hygiene, purchasing of cattle, segregation of M. bovis positive mastitic
cows before sent to slaughter, taking BTM samples and separating the calf from the
cow. The numbers of purchased animals during sampling were collected because
they could alter the effect of control measures.
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6

Diagnostic methods

6.1 Bacteriological culture
The semen straws in article II were thawed in a water bath maintained at 37°C.
After inoculation in F-broth (Bölske, 1988), dilution (up to 10-6) and incubation,
suspect samples were subcultured onto F-medium plates (Bölske, 1988). The
plates were then incubated for seven days and inspected every second day for
mycoplasma growth. Finally, M. bovis was identified using real time PCR.

6.2 Real time PCR
Semen and broth samples in article II and NS swabs from calves in article II and III
were examined for M. bovis with real time PCR. In article II, DNA was extracted
from semen straws with QIAamp Mini Kit Qiagen, Hilden, Germany. DNA was
extracted from broth samples and most of the NS swabs using protocols described
by Sachse et al. (2010). Samples were examined using real time PCR targeting
the oppD gene of M. bovis (CFX96 Touch Real-Time PCR Detection System, BioRad Laboratories, CA, USA) as described by Sachse et al. (2010). Commercially
available plasmid pUC19 was used as the internal amplification control according
to Fricker et al. (2007), with the exception that instead of TAMRA, BHQ1 was used
in the probe. NS samples in 10 out of 101 sampling events were pooled in article
III and analysed in a commercial non-accredited laboratory.
QMS and BTM samples from clinical and subclinical mastitis cases in articles II
and III were analysed in commercial laboratories using a PCR kit including M.
bovis (Pathoproof Complete 16-kit, Thermo Fisher Scientific).

6.3 WGS and multilocus sequence typing (MLST) analysis of the core
genome
WGS was used in article II to compare genomes among M. bovis strains in different
samples and processed semen used in insemination. Samples were from previous
cases between 2011 and 2015. WGS was done in the Danish Technical University,
Department of Biotechnology and Biomedicine, Lyngby, Denmark. Libraries for
WGS were prepared using A Nextera XT kit (Illumina, San Diego, CA) according
to the manufacturer´s instructions. De novo assembly of the sequencing reads was
performed using Velvet assembler version 1.1.04 (Zerbino and Birney, 2008) of
Ridom SeqSphere+ (Ridom GmbH, Münster, Germany) software (Jünemann et
al., 2013). For each assembly, automated k-mer and coverage cut-off optimizations
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were performed. To visualize the results, a minimum spanning tree (MST) within
the Ridom SeqSphere+software was constructed.

7

Statistical methods

In article I, a mixed-effects logistic regression model was used to analyse the
association between lung lesions and animals in different M. bovis categories.
Animals were placed in different categories according to the M. bovis status of
the rearing and slaughtering farms. The final models for cows included lung
lesions or pleuritis as an outcome, the number of slaughtered animals per farm,
age of the cows and the M. bovis category as variables and farm as the random
factor. With both continuous variables (age and number of slaughtered animals)
logarithmic transformation was used. The final models for bulls included lung
lesions or pleuritis separately as an outcome, and variables categorized number of
slaughtered animals per farm, categorized age of the bull, M. bovis category and
the equivalent interaction variable. In abattoir A, an interaction was established
between the number of slaughtered animals and the M. bovis category. In abattoir
B, an interaction was established between age and M. bovis category.
In addition, a mixed-effects linear regression model was used to analyse the
differences between ADG among different M. bovis categories in article I. The
final model for bulls included ADG as an outcome, and the categorized number of
slaughtered animals per farm, the categorized age of the bulls, the abattoir, the M.
bovis category and interaction between age and the number of slaughtered animals
per farm as variables with farm as a random factor. For each of the models related
to MI data, residuals were checked and outliers were not detected.
In article III in the risk analysis, a mixed-effects logistic regression model was
used to analyse risk factors for M. bovis. External risk variables with P < 0.2 in
the univariable analysis were included in the final model with confounding factors.
As an outcome, we used the M. bovis status of the farm. Predictors in the final
model were AI from a known M. bovis infected bull (Bull POS), purchased cattle,
hygiene lock by the door, imported embryos, protective clothing and boots used
by other people and confounding variables were herd size, herd average milk
yield and AMS. Both Bull POS and Lot POS had P-values < 0.2, but Bull POS was
chosen because Lot POS was strongly unbalanced. All positive lots were used in
the M. bovis positive farms. We tested for biologically meaningful interactions
but they were not evident. Dichotomous variables in the final nested model were
Bull POS, purchased animals and continuous variables herd size, herd average
milk production and for the categorical variable, the presence of AMS. The full
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and nested model was tested with a likelihood ratio test and they did not differ.
The model diagnostics and checking the residuals of the final nested model were
performed with Hosmer and Lemeshow’s goodness-of-fit test.
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RESULTS
1

Meat inspection data

1.1

Descriptive data for the bulls and cows in abattoirs A and B

MI data were included for 20 401 cows and 34 477 bulls from abattoir A and 16 869
bulls from abattoir B. In abattoir A, where pneumonia and pleuritis were coded
separately, all the cases that had pleuritis also had pneumonia among both cows
and bulls. Cows in abattoir A had 553 lung lesions (2.7%), including pneumonia
and pleuritis. Bulls in abattoir A had 573 lung lesions (1.7%) and bulls in abattoir
B had 494 lung lesions (2.9%). Descriptive data for the different categories of cows
and bulls in abattoirs A and B are presented in Tables 5 – 7. The age of the animals
and number of slaughtered animals are not included here but are presented in
article I. In abattoir A, the median age of the cows was 1779 days and the median
number of slaughtered cows was 17. For bulls, the median age was 588 days and
the median for the slaughtered animals was 160. In abattoir B, the median age
of the bulls was 591 days and the median number of slaughtered bulls was 130.
Table 5. Descriptive data for the cows in abattoir A (n = 20 401).

Cows in total, n (%)
Pneumonia lesions, n (%)
Pleuritis lesions, n (%)
Pneumonia and/or pleuritis, n (%)

Controla

S+R-a

ScR-a

B+/ca

20 155 (98.8)

124 (0.6)

57 (0.3)

65 (0.3)

533 (96.4)

8 (1.4)

2 (0.4)

10 (1.8)

39 (95.1)

2 (4.9)

0

0

533 (96.4)

8 (1.4)

2 (0.4)

10 (1.8)

M. bovis Category:
S+R- = Positive slaughtering farm including dairy farms, negative or non-existent rearing farm.
ScR- = Contact slaughtering farm including dairy farms, negative or non-existent rearing farm.
B+/c = Animals from farms before the contact or positive M. bovis laboratory result.
Control = Animals not included in the other categories.

a
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Table 6. Descriptive data for the bulls in abattoir A (n = 34 477).

Bulls in total, n (%)

Controla

S+R+a

S+R-a

ScR+a

ScR-a

B+/ca

18830 (54)

630 (2)

1969 (6)

3013 (9)

9335 (27)

700 (2)

ADG in kg
mean

0.534

0.582

0.567

0.560

0.549

0.540

std. dev.

0.094

0.062

0.068

0.068

0.078

0.073

264 (46)

15 (3)

47 (8)

44 (8)

191 (33)

12 (2)

29 (37)

3 (4)

9 (12)

5 (6)

31 (40)

1 (1)

264 (46)

15 (3)

47 (8)

44 (8)

191 (33)

12 (2)

Pneumonia lesions,
n (%)
Pleuritis lesions, n (%)
Pneumonia and/or
pleuritis, n (%)

ADG, average daily gain (estimated).
M. bovis category:
S+R+ = Positive slaughtering farm, positive rearing farm.
S+R- = Positive slaughtering farm including dairy farms, negative or non-existent rearing farm.
ScR+ = Contact slaughtering farm, positive rearing farm.
ScR- = Contact slaughtering farm including dairy farms, negative or non-existent rearing farm.
B+/c = Animals from farms before the contact or positive M. bovis laboratory result.
Control = Animals not included in the other categories.

a

Table 7. Descriptive data for the bulls in abattoir B (n = 16 869).
Controla

S+R+a

S+R-a

ScR+a

ScR-a

B+/ca

12991 (77)

1400 (8)

1120 (7)

148 (1)

985 (6)

225 (1)

mean

0.529

0.586

0.538

0.562

0.540

0.550

std. dev.

0.089

0.063

0.083

0.061

0.069

0.064

347 (70)

25 (5)

56 (11)

2 (1)

54 (11)

10 (2)

Bulls in total, n (%)
ADG in kg

Pneumonia and/or
pleuritis lesions, n (%)

ADG, average daily gain (estimated).
M. bovis category:
S+R+ = Positive slaughtering farm, positive rearing farm.
S+R- = Positive slaughtering farm including dairy farms, negative or non-existent rearing farm.
ScR+ = Contact slaughtering farm, positive rearing farm.
ScR- = Contact slaughtering farm including dairy farms, negative or non-existent rearing farm.
B+/c = Animals from farms before the contact or positive M. bovis laboratory result.
Control = Animals not included in the other categories.

a

1.2 Lung lesions in meat inspection data
In article I, the odds for lung lesions, including pneumonia and pleuritis, in the
category of cows from contact farms or known M. bovis test-positive farms before
contact (or M. bovis laboratory results), was 6.4 times higher than in the control
group (p<0.001, CI 3.06–13.42) (Table 8). The odds ratio for pleuritis in cows in
M. bovis positive farms was 6.7 times higher than in control farms (P = 0.01, CI
= 1.53–29.24).
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Table 8. The factors associated with pneumonia and pleuritis in cows in abattoir A. Lung lesions
include both pneumonia and pleuritis. Number of animals in the model for lung lesions was 20 401
and for pleuritis 20 279.
Lung lesions
Variables

OR

P-value

CI

Age (ln)

1.88

<0.001

1.50−2.36

Pleuritis
Walda

OR

P-value

CI

1.77

0.17

0.79−3.98

Wald

Category M. bovisb
Control

ref.

S+R-

2.15

0.06

0.96−4.83

6.68

0.01

1.53−29.24

ScR-

0.98

0.97

0.23−4.17

−

−

−

B+/c

6.41

<0.001

3.06−13.42

−

−

−

1.16

0.01

1.04−1.28

1.31

0.15

0.91−1.88

Slaughtered
animalsc (ln)

<0.0001

ref.

0.01

OR, Odds ratio; Cl, 95% Confidence interval.
a
Wald test was used to test the overall P-value of the variable.
b
M. bovis category:
S+R- = Positive slaughtering farm including dairy farms, negative or non-existent rearing farm.
ScR- = Contact slaughtering farm including dairy farms, negative or non-existent rearing farm.
B+/c = Animals from farms before the contact or positive M. bovis laboratory result.
Control = Animals not included in the other categories.
c
Number of animals slaughtered from one farm.

For bulls in abattoir A, the odds ratio for pleuritis was 4.2 times higher among
the animals that originated from M. bovis negative rearing farms and M. bovis
positive slaughtering farms compared with the control group (P = 0.001, CI 1.8–
9.9) (Table 9). A similar effect was recorded for bulls originating from contact
slaughtering farms and M. bovis negative rearing farms (OR = 5.8, p<0.001, CI
2.6–12.8) (Table 9). When pleuritis was combined with pneumonia lesions, the
odds ratio was 2.2 for bulls from contact slaughtering farms and negative rearing
farms compared to control (p<0.001, CI 1.47–3.28) (Table 10).
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Table 9. The factors associated with pleuritis in bulls in abattoir A. Number of bulls in the model
for pleuritis was 34 477.
Pleuritis
Variables

OR

P-value

CI

0−500

2.0

0.163

0.76 – 5.1

501−595

ref.
0.234

0.83 – 2.16

Walda

Age categorized (d)

596−900
Category M. bovis

1.3

<0.001

b

Control

ref.

S+R+

2.8

0.105

0.81 – 9.5

S+R-

4.2

0.001

1.8 – 9.9

ScR+

2.4

0.114

0.81 – 7.1

ScR-

5.8

<0.001

2.6 – 12.8

B+/c

2.2

0.463

0.27 – 17.2

0.89

0.726

0.45 – 1.75

2.5

0.025

1.12 – 5.58

Slaughtered animalsc
0−95
96−270
271−1300

ref.

Interaction
age*category
slaughtered animals*category

-

-

-

0.81

0.005

0.70−0.94

OR, Odds ratio; Cl, 95% Confidence interval
Wald test was used to test the overall P-value of the variable.
b
M. bovis category:
S+R+ = Positive slaughtering farm, positive rearing farm.
S+R- = Positive slaughtering farm including dairy farms, negative or non-existent rearing farm.
ScR+ = Contact slaughtering farm, positive rearing farm.
ScR- = Contact slaughtering farm including dairy farms, negative or non-existent rearing farm.
B+/c = Animals from farms before the contact or positive M. bovis laboratory result.
Control = Animals not included in the other categories.
c
Number of animals slaughtered from one farm.

a

In abattoir B, the odds ratio for lung lesions among bulls in contact slaughtering
farms and positive rearing farms was 0.18 (P = 0.03, CI = 0.04–0.83) (Table 10).
Thus being from a positive rearing farm protected against having lung lesions
at slaughter. A similar trend was noted in the group of bulls from a positive
slaughtering farm and a positive rearing farm. The probability among younger
animals was greater for lung lesions in the age group 0–500 days. This was
particularly apparent in abattoir A with bulls where there was interaction between
age and the different categories (Figure 2).
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Table 10. The factors associated with lung lesions in bulls in abattoirs A (34 477) and B (16 869).
Lung lesions included pneumonia and pleuritis.
Abattoir A
Variables

OR

P-value

CI

0−500

3.02

<0.001

2.20−4.15

501−595

ref.

596−900

1.34

<0.01

1.10−1.64

Abattoir B
Walda

OR

P-value

CI

1.88

0.01

1.21−2.93

0.42

0.87−1.38

Wald

Age categorized (d)

Category M. bovis

ref.
1.10

b

Control

ref.

S+R+

1.46

0.34

0.67−3.17

0.48

0.06

0.22−1.02

S+R-

1.77

0.05

0.99−3.15

1.52

0.18

0.82−2.81

ScR+

1.48

0.10

0.93−2.37

0.18

0.03

0.04−0.83

ScR-

2.19

<0.001

1.47−3.28

1.12

0.75

0.56−2.24

B+/c

1.86

0.13

0.83−4.18

0.23

0.08

0.05−1.16

Slaughtered animals

0.01

ref.

<0.001

c

0−95

ref.

96−270

1.71

<0.001

1.26−2.30

ref.
1.42

0.02

1.06−1.92

271−1300

2.44

<0.001

1.59−3.76

1.37

0.20

0.84−2.24

-

-

-

1.09

0.001

1.03−1.15

0.03

0.84−0.99

-

-

-

Interaction
age*category

slaughtered
animals*category 0.91

OR, Odds ratio; Cl, 95% Confidence interval
Wald test was used to test the overall P-value of the variable.
b
M. bovis category:
S+R+ = Positive slaughtering farm, positive rearing farm.
S+R- = Positive slaughtering farm including dairy farms, negative or non-existent rearing farm.
ScR+ = Contact slaughtering farm, positive rearing farm.
ScR- = Contact slaughtering farm including dairy farms, negative or non-existent rearing farm.
B+/c = Animals from farms before the contact or positive M. bovis laboratory result.
Control = Animals not included in the other categories.
c
Number of animals slaughtered from one farm.

a
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Bulls from M. bovis positive rearing farms and M. bovis positive slaughtering
Bulls from
bovis
positive
rearing
farms
andgroup
M. bovis
positive
slaughtering
farms
grew M.
better
than
the bulls
in the
control
(Table
11). They
had 36 g farms grew bette
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theThey
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addition,
animals
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11).
had
36 gIn
better
estimated
weight gain per da
from a positive slaughtering farm but negative rearing farm grew better than the
than the control group. In addition, animals from a positive slaughtering farm but negative rearin
animals in the control group (P = 0.001, CI = 0.011−0.045) (Table 11).

farm grew better than the animals in the control group (P = 0.001, CI = 0.011−0.045) (Table 11).
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Table 11. The factors associated with estimated average daily gain (ADG) in bulls in abattoirs A and
B (51 346) in Finland in 2015.
Variables

Coef. (kg)

P-value

CI

0−500

-0.012

<0.001

-0.016−- 0.009

501−595

ref.
<0.001

-0.018−-0.015

Walda

Age categorized

596−900

-0.016

Category M. bovisb
Control

ref.

<0.0001

S+R+

0.036

<0.001

0.018−0.054

S+R-

0.028

0.001

0.011−0.045

ScR+

0.012

0.126

-0.003−0.027

ScR-

0.010

0.197

-0.005−0.025

B+/c

0.028

0.001

0.012−0.045

Slaughtered animalsc
0−95

ref.

96−270

0.048

<0.001

0.035−0.061

271−1300

0.058

<0.001

0.036−0.081

Abattoir

0.003

0.520

-0.006−0.011

Interaction age*category

-0.001

<0.001

-0.002−-0.001

CI, 95% Confidence interval.
a
Wald test was used to test the overall P-value of the variable
b
M. bovis category: S+R+ = Positive slaughtering farm, positive rearing farm. S+R- = Positive
slaughtering farm including dairy farms, negative or non-existent rearing farm. ScR+ = Contact
slaughtering farm, positive rearing farm. ScR- = Contact slaughtering farm including dairy
farms, negative or non-existent rearing farm. B+/c = Animals from farms before the contact or
positive M. bovis laboratory result. Control = Animals not included in the other categories
c
Animals from one farm during study period

Due to small number of whole carcass condemnations, statistical analysis of these
was not presented. There were more WCC in M. bovis test-positive farms than in
the control farms (Table 12). This was seen more clearly among the cows.
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Table 12. Whole carcass condemnation (WCC) of cows and bulls in different M. bovis categories in
abattoirs A and B.
Abattoir A
Animals (n)
Control

a

Abattoir B

Cows n (%)

Bulls n (%)

Cows n (%)

Bulls n (%)

20 401

34 477

8930

16 869

263 (1.30)

18 (0.10)

113 (1.27)

24 (0.18)

S+R+

na

S+R-

5 (4.03)

a

0 (0)

na

6 (0.43)

2 (0.10)

2 (7.69)

7 (0.63)

ScR+

na

2 (0.07)

na

0 (0)

ScR-

0 (0)

8 (0.09)

na

4 (0.41)

B+/c

2 (3.08)

2 (0.29)

0 (0)

0 (0)

Not available

2

Contaminated semen used in insemination

With epidemiological analysis and cMLST analysis of the M. bovis isolates, we
concluded that contaminated semen introduced M. bovis into two dairy farms.
Two naive dairy herds (Farms X and Y) with good external biosecurity had M.
bovis in November and December 2015. Typical infection sources were not found
when epidemiological data were reviewed. The latest purchases of animals were
in 2011 and 2003 respectively and neither had cattle movements or contacts with
contract heifer rearing units. Imported embryos had not been used during the
last three years. Both farms had used domestic embryos within three years. Both
farms had protective clothing and boots for visitors. Farm Y had a loading area
for animals sold for meat production or breeding. Neither used a corporate truck
to move their own animals. The hoof trimmer of Farm Y cleaned his equipment
and no corporate trimmer was used on Farm X. Automated milking system (AMS)
maintenance cleaned their equipment at both farms. Both farms had sufficient
vermin and bird control and both farms used PCR for detecting M. bovis in routine
analysis of bacteriological milk samples. In addition, Farm Y had taken NS samples
from calves with negative results on two occasions before detection of M. bovis
(Figures 3 and 4). Figures 3 and 4 show the timelines for purchased animals, NS
samples taken from calves and M. bovis mastitis cases.
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Figure 3. Course of M. bovis infection in herd X. NS, nasal swabs of calves, positive/tota
examined for M. bovis.
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Figure 5. Minimum spanning tree constructed from the cgMLST allele profiles. Allele differences
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Table 13. Detection of M. bovis by PCR and culture of the semen of bull A.
Lot

No of PCR positive/
total number examined

ct values

No of culture positive/
total number examined

1

0/1

nd2

0/1

2

0/1

nd

0/1

3

0/2

nd

2 3/3

4

1/2

35.11

23/2

5

0/1

nd

0/1

6

2/3

36.6/35.4

0/7

7

0/1

nd

0/1

nd

0/2

8

0/1

9

na1

10

0/1

11

0/1

nd

0/1

12

1/3

37.5

0/7

na
nd

0/1

13

0/1

nd

0/1

14

0/1

nd

0/1

15

0/2

nd

0/2

16

0/2

nd

0/7

17

0/1

nd

0/1

18

0/1

nd

0/1

19

0/1

nd

0/1

20

0/1

nd

0/1

21

0/1

nd

0/1

22

na

na

23

0/1

nd

0/1

24

0/1

nd

0/1

Not available
Not detected
3
M. bovis growth only in 10 -3 dilution
1

2

3

Risk factors for M. bovis in dairy farms

In our study farms, using semen from a M. bovis positive lot had a P-value of
0.004 in the univariable analysis. As all the M. bovis positive lots were used in
the M. bovis positive farms, making the model unbalanced when Lot POS was
included in the multivariable model, the effect of Lot POS could not be analysed
fully. However a slight trend was noted in insemination with an M. bovis positive
bull (OR = 3.7, P = 0.096). The result of the univariable analysis supports our
findings in article II where we introduced two naive herds that contracted M.
bovis infection via contaminated semen used in insemination.
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Higher milk yield had a protective effect; every 100 litres increase in milk
production decreased the odds of contracting M. bovis by 15%.
Table 14. Results of the analysis of the internal and external variables with a P-value ≤ 0.2 in the
univariable analysis and external factors and confounding variables included in the final mixed effect
multivariable model.
Variable

M. bovis status
of the farm

Variable type

Variable
description

Univariable analysis

Multivariable analysis

Case /Control

P-value

OR

P-value

CI

Dichotomous

Dependent

Semen straw
from contaminated lot used

Dichotomous

Independent

25% / 0%

0.004

-

-

-

Semen straw
from M. bovis infected bull used

Dichotomous

Independent

33% / 17%

0.172

3.705

0.096

0.8-17.3

Purchase of
cattle1

Dichotomous

Independent

63% / 31%

0.015

2.98

0.103

0.8-11.1

Protective
clothing and
footwear, AMS2

Categorical

3

Independent

65% / 94%

0.038

-

-

-

Protective
clothing and
footwear, other

Dichotomous

Independent

58% / 90%

0.003

-

-

-

Hygienic lock by
the door

Dichotomous

Independent

26% /43%

0.133

-

-

-

Imported
embryos1

Dichotomous

Independent

8% / 23%

0.090

-

-

-

Herd size 4
(median)

Continuous

Confounding

58 / 63

0.355

3.4

0.065

0.914.4

Milk production5
mean

Continuous

Confounding

9527 / 10522

<0.001

0.846

0.001

0.8-0.9

Milk system AMS

Dichotomous

Confounding

-

-

0.340

0.167

0.7-1.6

Other infectious
diseases6

Dichotomous

Independent

23% / 0%

0.004

-

-

-

External factors

Internal factors

Within three years
Automated milking system
3
Third category being farms without AMS (22 case farms and 12 control farms, 1 answer
missing from case farms)
4
Logarithmic transformation was used in the model to normalize distribution
5
Per 100 litres
6
Other infectious diseases within 6 months affecting several animals (rotavirus, coccidiosis,
interdigital phlegmon, respiratory disease, and Streptococcus agalactiae).
1

2
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Other infectious diseases on the farm within the six months prior to detecting M.
bovis were present among 23% of the case farms and none in the control farms
(univariable analysis P = 0.004). This was not included in the model as it was an
internal factor.
Purchase of cattle had a P-value of 0.015 in the univariable analysis but was
not statistically significant in the final model. Also protective clothing of AMS
maintenance personnel and other people as temporary help were statistically
significant in the univariable analysis but not in the final model.
Using corporate transportation to move the farmer’s own animals to, for example
pasture or to other facilities seemed relevant in our project. Unfortunately, we had
the knowledge of their use from only 45 farms and we could not evaluate the true
meaning of the results in either univariable or multivariable analysis.

4

Control measures

In article III, control measures against M. bovis were recommended to nineteen
follow-up farms. These farms were among the first 24 M. bovis positive dairy
farms detected in Finland. Out of these 19 follow-up farms, thirteen reached a low
risk level (Table 15). All farms culled the M. bovis positive mastitic cows. Farmers
implemented the control measures among calves in various ways. The timing of
control measures and sampling is described in Figure 6.
PCR has been routinely used in Finland since 2012 for detecting and analysing M.
bovis bacteriology in milk samples. All follow-up farms except Farm E, analysed
milk samples routinely. Farm E used PCR in clinical cases but also against
recommendations it dried off two cows with high SCC without PCR analysis.
Control farms all used PCR routinely. Among the follow-up farms, five cows had
subclinical M. bovis mastitis with elevated SCC counts and 46 had clinical M.
bovis mastitis.
All follow-up farms in our project culled all the M. bovis positive mastitic cows.
This included also the subclinical cases with only high SCC. Farmers were
recommended to segregate the cows detected with M. bovis mastitis and milk
them separately until these cows were sent for slaughter after confirmation of
laboratory results. Some cows were euthanized on the farm according to the
farmers’ choice.
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Twelve out of the 13 farms that reached low risk level washed and disinfected the
pens of calves presumed to be negative when they were moved to a pen where M.
bovis positive animals had been. One farm with fewer than 30 cows had the barn
washed during the summer when the animals were out to pasture.
Table 15. Description of the control measures carried out in the 19 follow-up farms in article III,
comparing dairy farms that reached the low risk level with farms that did not.
Reached low risk
level

Did not reach low
risk level

13

6

Number of farms, n

78 (50)

96 (83)

M. bovis mastitis detected after initial cases, n (%)

Herd size, mean (median)

2 (15)

0 (0)

Animals purchased during sampling, n (%)

7 (54)

3 (50)

Measures implemented

Yes

No

Yes

No

Culled all M. bovis mastitis cows, n (%)

13 (100)

0 (0)

6 (100)

0 (0)

M. bovis PCR detection of mastitis samples
routinely, n (%)

12 (92)

11 (8)

6 (100)

0 (0)

Pens cleaned and disinfected before first group of
M. bovisfree calves to the next pen, n (%)

12 (92)

12 (8)

4 (67)

2 (33)

Calves isolated or nose-to-nose contact prevented, n (%)
< 3 months or not at all

23 (15)

3 (50)

≥3 months or < 6 months

3 (23)

1 (17)

8 (62)

24 (33)

≥ 6 months

PCR was used but at least one time high SCC count cows were also dried off without
analysing samples with PCR
2
The farm washed and disinfected the barn during the summer while animals on pasture and
had fewer than 30 cows.
3
These farms had fewer than 30 cows
4
One farm transferred calves to a contract heifer rearing unit at the age of 4–5 months
1

Eleven out of 13 farms that reached low risk level isolated or prevented nose-tonose contact for three or more months, eight of these for six or more months. Two
of the farms did not prevent nose-to-nose contact nor did it for fewer than three
months. Both of these farms had fewer than 30 cows.
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to-nose contact nor did it for fewer than three months. Both of these farms had fewer than 30 cows.

Figure 6. Timeline of the sampling for laboratory testing and control measures done for calves on
53timethe farms. A herd was considered positive during the visit if M. bovis was detected with real
PCR of nasal (NS) swabs. Description of the time of preventing nose-to-nose contact among the
newborn calves: np = not prevented, 3 = under 3 months, 3 – 6 = ≥ 3 and < 6 months, 6 = ≥ 6 months.
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1

Detection of M. bovis positive herds

Detection of M. bovis positive herds is important when trying to slow or stop the
spread of M. bovis to new herds. Lung samples were collected from an abattoir and
were used in studying the prevalence of M. bovis and other Mycoplasma species
in cattle (Ahmad et al., 2014) and WCC has been used as a tool to detect disease
outbreaks (Dupuy et al., 2015). In Spain, as part of an eradication of tuberculosis
program, if instances resembling lesions of cattle tuberculosis were detected in
MI, samples were taken and tested for tuberculosis (Napp et al., 2019). In addition,
samples were taken in a slaughterhouse in Japan from five endocarditis lesions
and M. bovis was detected in all of them (Kanda et al., 2019). To our knowledge,
MI data obtained routinely have not been used specifically to detect M. bovis
positive farms. Soehnlen et al. (2012) reported a tendency for more lung lesions
among calves with at least one M. bovis positive NS swab being reported. As the
prevalence of lung lesions can be greater than the prevalence of clinical signs
(Leruste et al., 2012), MI data could provide more information on occurrence
of pneumonia cases than observation of clinical signs, given that the lesions are
visible, recognized and coded in MI. This thesis provides new information on the
possibilities to use MI data, together with other methods, to find unrecognised
M. bovis positive herds. In our study, we detected pleuritis more often in MI of
animals from M. bovis positive farms compared with control farms for both bulls
and cows. Pneumonia lesions were more abundant among cows before M. bovis
was confirmed or before contact realized in the farm than in the control group.
In abattoir A, where pneumonia and pleuritis were coded separately, all pleuritis
cases also had pneumonia. This indicates that the pleuritis cases were related to
more severe infections and mild pleuritis cases might have not been coded. The
speed of the slaughter line possibly has an effect but also mild pleuritis lesions
are not necessarily meaningful to register in routine MI. Lesions suspected to
be M. bovis related (although often co-infections) have included pleural fibrosis
(Gagea et al., 2006). It would have been interesting to establish an association
between M. bovis and increased milder pleuritis cases in MI. Serositis in pleura
was common in meat inspection findings in Ireland in 1986 and 1987 (Doherty et
al., 1990), even though M. bovis was detected in Ireland only in 1994. In addition,
in Finland, the number of lesions in the lungs have increased in MI data during
the last ten years, more clearly among the bulls from dairy farms and less from
among the dairy cows (Personal communication from the industry, DVM Tuomas
Herva, Atria PLC, 2020). The economic impact of this is minimal, but could reflect
the spread of M. bovis.
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In abattoir B, bulls from M. bovis positive or contact rearing farms as a calf, had
fewer lung lesions than the control animals at the time of slaughter. One reason
could be that the animals got M. bovis infection as a calf and had time to recover
before slaughter, resulting in fewer lesions at slaughter. This supports the idea
that it is useful to transfer animals from M. bovis positive rearing farms to the
positive slaughtering farms if new more virulent strains are not involved. If the
slaughtering farms want to eradicate M. bovis, these practices have to be revised.
It would be beneficial to inform the farmer of the levels of pneumonia and pleuritis
detected at MI and possibly notify farms associated with most lesions to test for
M. bovis in their herd. Herd size affects the number of lung lesions, so small herds
will not stand out sufficiently in a large data set. Therefore, the herd veterinarian
also has an important role to play in analysing the meat inspection data and signs
of animals and test for M. bovis if necessary.

2

Impact of M. bovis

Economic losses due to M. bovis are difficult to calculate and are often based
on estimates. Impact on welfare of infected cattle and those showing signs is
well known, but it is difficult to report in numbers. It is recommended that at
least severe M. bovis positive mastitis cows in dairy herds be culled (Maunsell
et al., 2011), causing economic losses for the farms. Subclinical M. bovis IMI
reduces milk yield (Timonen et al., 2017). Co-infections with other pathogens
are detected (Soehnlen et al., 2012) and in these cases specifying the exact cause
of mortality might be difficult. The effect of M. bovis on carcass weight interests
many producers. In our study, the animals from M. bovis test-positive farms
grew better than animals from control farms at slaughtering. Soehnlen et al.
(2012) also studied the association between infection and weight gain of calves.
They compared the carcass weights of animals without lung lesions and animals
with lung lesions with cultured M. bovis. They concluded that there was no
significant difference in the carcass weight between these groups. These animals
were slaughtered earlier than animals in our data, at about 145 days. In a study
by Francoz et al. (2015), female dairy calves with M. bovis positive NS samples
had higher odds for lower ADG. The weight of preweaned female dairy calves was
estimated using a measuring tape and animals were weighed a month later. In
a study by Hanzlicek et al. (2011), M. bovis seroconversion was associated with
lower weight gain at the age of 0–42 days in stocker calves. Variations in the
influence of M. bovis on ADG in different studies might be due to the different
ages of the animals. Calves with bovine respiratory diseases can grow less when
infected and then catch up before slaughter with compensatory growth (Haapala
54

et al., 2016). In addition, animal groups that were compared were constructed
differently in each study.
In our study, different farm structures, management practices and the different
risks for M. bovis infection could influence animal growth such that the animals
actually grew better on the M. bovis positive farms. We did not evaluate welfare
issues, losses due to deaths at the farms and the increased use of antibiotics.
Increased use of antibiotics can increase the risk for antibiotic resistance in
addition to generating extra costs. Even though preventive use of antibiotics is
not permitted in Finland, the numbers of antibiotic treatments used in rearing
calves in Finland can be quite high, ranging from 6% to 137%, depending on the
type of rearing system used (Sandelin and Simojoki, 2019). Management practices
and control measures should be targeted to increasing animal welfare and to
lowering the volumes of antibiotics used, even though the ADG was not reduced
among animals from M. bovis positive farms in our study.
WCC seemed to be more frequent among animals from M. bovis test-positive
farms, especially cows, but the numbers of WCC were so small that statistical
significance could not be determined and the numbers should be viewed critically.

3

Risk factors associated with M. bovis

Using a breeding bull (Gille et al., 2018b) has been determined as representing a
risk factor for the presence of M. bovis in a BTM sample (PCR or ELISA). M. bovis
has been found in commercial semen (Amram et al., 2013) and contaminated
semen used in insemination has been considered a risk in transfer of M. bovis
(Wrathall et al., 2007). In this thesis, we demonstrated that contaminated semen
used in insemination can infect a naive herd (article II) and we also concluded that
a dairy farm using semen from an M. bovis positive bull showed a trend of higher
odds of having M. bovis than farms not using an M. bovis positive bull (article
III). In addition, the univariable analysis of using semen from a contaminated
lot was significant (P = 0.004). One M. bovis positive bull can spread the disease
to several farms. As 25% of the M. bovis positive farms had used the known M.
bovis positive bull, it can be speculated that among the first M. bovis positive dairy
farms in Finland during 2012–2016, 25% could have contracted infections through
contaminated semen originating from one bull. Unless the contaminated lot or
positive bull is known, semen used in insemination as a source of infection could
be more difficult to trace than animal contacts. This makes controlling M. bovis
even more problematic nationally if the source is semen used in insemination.
Semen as a risk is especially important for countries free of or countries trying
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to eradicate M. bovis. In countries where M. bovis has already spread, at least
closed herds with good biosecurity would benefit from M. bovis free semen. The
most economic and reliable ways to guarantee M. bovis free semen should be
investigated. As it is challenging to achieve a full mycoplasmacidal effect in semen
using antibiotics, it might be more convenient to use semen from only M. bovis
negative bulls (Pohjanvirta et al., 2020).
Out of 22 lots analysed from Bull A, four were M. bovis positive using either PCR
or culture. High ct-values indicate that there was a low level of M. bovis. Two lots
were positive only in PCR. As PCR detects fragments of DNA, non-viable M. bovis
could have been detected in these two samples that were positive only with PCR. In
culture, viable M. bovis was detected only at the dilution of 10-3. Dilutions greater
than 10-3 were probably too diluted for the bacteria to be detected.
As the demand for collecting semen from younger, genomically selected bulls
is increasing, semen is extracted from bulls as young as nine months (Murphy
et al., 2018). As younger animals secrete more M. bovis (Bennett and Jasper,
1977), this could increase the risk of collecting M. bovis contaminated semen from
asymptomatic animals. More knowledge is needed on the secretion of M. bovis
into semen at different ages of asymptomatic animals.
Still other more common sources should not be overlooked in controlling M. bovis;
imported cattle (Amram et al., 2013) being an important risk factor for countries
free of M. bovis, and purchased cattle (Murai and Higuchi, 2019) for farms in
general. Animal purchase was not statistically significant in the multivariable
analysis in our study in contrast to several other studies (Schibrowski et al., 2018;
Murai and Higuchi, 2019; Fujimoto et al., 2020). This could be because M. bovis
was not widely spread in Finland at the time of the study (approximately 1% of
cattle farms were known to be positive) and purchasing of animals in Finland is
usually done directly from farms and not from animal fairs. Purchase of animals
should always be considered a risk. The farmer can minimize the risks by buying
animals from a herd for which health status is known, preferably with a health
certificate and from a farm that analyses for mastitic milk in a laboratory using
PCR to detect M. bovis.
Herd size showed a trend in our M. bovis risk factor analysis. Recent studies have
had similar results with M. bovis or Mycoplasma spp. (Pinho et al., 2013; Murai
and Higuchi, 2019). Gonzalez et al. (1992) concluded in 1992 that in the state of
New York, herd size was not a statistically significant risk factor. Differing results
can result from the fact that herd size can also reflect other risks not included in
the model. With larger herds, there is naturally more contact among the animals
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on the farm. In addition, the number of professional visits was associated with
larger herd size in a study by Nöremark et al. (2013). Similarly, cattle movements
would be a more precise description of the risk if analysed in more detail with
types and numbers of visits.
Higher average herd milk production was a protective factor in our analysis. Every
100 kg increase in milk production lowered the odds of a farm having M. bovis by
15%. Similarly, in a study by Timonen et al. (2017), M. bovis was related to lower
milk yield but in this study milk samples from individual cows in one herd were
compared. In contrast, in a study by Aebi et al. (2015) M. bovis was associated with
higher milk yield when comparing mean milk production of the herds. Differing
results could be related to different management practices on the farms. The
protective effect of higher milk yield in Finland could be partly because for herds
that provide higher yields the farmers might put more effort into biosecurity issues
due to the inevitable economic impact.
The vehicles used in transferring a farmer’s own animals to pasture or to
barns further away also has to be kept in mind. Some farms use commercial
transportation or borrow vehicles. We got answers from too few farms to include
this in the risk factor analysis but it could have been relevant for some of our
farms and represents an issue that is frequently overlooked because the farmer
does often not consider it a risk.

4

Control measures

4.1 Screening for M. bovis on farms applying control measures against
M. bovis
QMS from mastitis cases are often used to detect M. bovis in a herd (Radaelli
et al., 2011; Lysnyansky et al., 2016a). Mastitis cases with high SCC are easy to
monitor but M. bovis or Mycoplasma spp. have been found also from milk samples
with SCC under 200 000 cells/ml (Gonzalez and Wilson, 2003; Pinho et al., 2013;
Higuchi et al., 2013). Cows with M. bovis positive IMI with low SCC are not usually
sampled, making it possible to miss such cases.
BTM samples are also used to find M. bovis positive herds (Lysnyansky et al.,
2016a). BTM sampling has its limitations as it does not include discarded milk,
can be diluted in larger herds and reflects only the situation at that specific time
if taken just once. Hazelton et al. (2020a) indicated that in Australia, where the
average herd size is 273 cows, BTM would likely be positive in many herds with a
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single M. bovis positive cow, if the cow is milked into the bulk tank and has a low
or moderate ct-value. Pinho et al. (2013) recommended that all cows should be
tested after a positive Mycoplasma spp. BTM result to ensure finding all positive
cows. Hazelton et al. (2020a) in contrast suggested that identifying all subclinical
M. bovis IMI cases after a clinical outbreak of M. bovis might only be of little
benefit in controlling M. bovis due to low prevalence and high expense. In our
study, when the BTM sample was positive, the positive cow was evident with
elevated SCC and we did not need to test all cows individually. The farmers were
instructed to test the cows in groups if the BTM sample was positive and the
positive cow was not evident. BTM samples were taken just in case there were
cows with M. bovis positive milk without elevated SCC that were not detected
using routine udder health monitoring. These were not found. As shedding can
be intermittent (Gonzalez and Wilson, 2003), we proceeded with the thought that
analysing all mastitis cases with M. bovis PCR and monitoring high SCC routinely
is sufficient, but took the BTM sample periodically as an extra precaution. Our
study on control measures with 13 herds reaching low risk level suggests that at
least in recently infected herds this could be enough. The prevalence of M. bovis
positive milk samples without elevated SCC in recently infected herds where M.
bovis was controlled, compared with herds with a long history of M. bovis, needs
more research and could provide more insight into the methods used for screening
herds.
As analysing M. bovis bacteria from the milk only provides information on the
presence of M. bovis IMI at that time, detecting antibodies from the BTM sample
would possibly give a better overview of the situation. This is supported by findings
of Vähänikkilä et al. (2019). In this study, we present a correlation between antibody
concentrations in the serum of the cows and the antibody concentration in the
BTM samples. ID screen® ELISA seems to have potential for screening antibodies
from BTM samples, although more research is needed (Andersson et al., 2019).
Antibody levels in serum in young stock could be used to follow the effects of
control measures as Vähänikkilä et al. (2019) reported that there was a correlation
between MilA ELISA positive young stock and young stock identified as M. bovis
positive with culture or PCR. The downside is the large number of serum samples
that have to be taken.
In our study described in article III, we screened the young stock with NS swabs
analysed with PCR and combined it with thorough mastitis screening with PCR.
Of the existing methods, this combination seemed most practical in farms when
taking into consideration the numbers of samples taken and the cost – at least
in countries where nearly all clinical mastitis samples are routinely tested with
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PCR, as in Finland. In the future, I would add analysing antibodies from BTM
samples, if future studies support this.

4.2 Effect of control measures
Herd level
M. bovis can be controlled in various ways on farms. Previous studies have
reported how to control M. bovis mastitis or infections among cows (Bicknell
et al., 1983; Byrne et al., 1998; Punyapornwithaya et al., 2012) and M. bovis
among calves (Brys et al., 1992). Pfützner and Sachse (1996) concluded that total
separation of the calves after birth on a dairy farm was useful in controlling
M. bovis but was expensive and laborious. New Zealand (Ministry for Primary
Industries, Biosecurity, 2020) has taken the approach of testing intensively and
culling all cattle on infected farms. To our knowledge, our study is the first to test
the effect of control measures for M. bovis mastitis and young stock on several
dairy farms, aiming to reach a low risk level. According to our results, these control
measures seemed successful and appeared to be economic in a way that they could
be implemented on most of the farms.
Pfutzner et al. (1996) stated that calves born during the time M. bovis is clearly
present in the herd pose a risk of spreading M. bovis after calving as heifers. Our
study farms did not remove these heifer calves but kept them in the herd. It is
difficult to determine where to draw the line as older heifers are also supposedly
positive and could represent a risk after calving. Selling heifer calves for meat
production and buying replacement heifers elsewhere would add to the costs and
create a risk for a new M. bovis infection. After calving, it is very important to
monitor the first-calvers and test the milk if necessary. Hazelton et al. (2020b)
showed that there is a risk, although very low, that a replacement heifer from a
herd with a clinical M. bovis disease, colonizes M. bovis after first calving. To
date, among our follow-up farms, we have not seen first-calvers with M. bovis
mastitis after the farm reached a low risk level. In addition, the heifers joining the
cows could become infected if the cows continued to secrete. Our first study herds
that reached low risk level and had M. bovis still circulating when our sampling
started, has been followed for over three years after reaching the low risk level
with no M. bovis detected.
Most of the M. bovis mastitis cases in the follow-up farms were clinical mastitis
cases (90%, 46/51): only 10% of the M. bovis mastitis cases were subclinical. IMI
without elevated SCC were not detected. In a case study of a 60-cow herd described
by Byrne et al. (1998) there were subclinical cases only in cows clinically affected
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previously. In contrast, Bicknell et al. (1983) reported several subclinical cases
that were not known to have clinical mastitis before. As our follow-up farms had
just recently been infected with M. bovis and we culled all the M. bovis mastitis
cases, this could result in low numbers of subclinical cases.
In article III related to the control measures, the farmers of follow-up farms culled
all M. bovis mastitic cows, and the subclinical cases as recommended by Pfutzer
et al. (1996). In many countries, the subclinical cases are often kept in the herd.
Our follow-up herds did not have that many M. bovis mastitis cases so all could
be culled without excessive expense. In herds where reaching low risk seems to
take longer in spite of strict control measures, it might be necessary to check for
low SCC carriers more efficiently. In addition, if routine samples are not taken
from SCC mastitic cows, clinical M. bovis cases might be missed and this might
increase the number of subclinical IMI cases later and possibly low SCC M. bovis
IMI cases.
M. bovis can circulate in the herd for months after M. bovis mastitis cases are no
longer detected (Punyapornwithaya et al., 2010; Vähänikkilä et al., 2019). Among
our 19 follow-up farms, two herds had no detectable M. bovis IMI (Vähänikkilä
et al., 2019). In controlling M. bovis, positive herds not having M. bovis IMI
are important because they are not detected with individual or BTM samples.
Sampling animals with signs related to M. bovis is necessary. Taking samples
from asymptomatic animals is also needed in controlling M. bovis (Vähänikkilä
et al., 2019) as there can be M. bovis positive herds with animals showing only
few signs, which can be missed.
According to our results in article III, control measures seem to help the farm to
reach a low risk level. A randomized clinical trial would generate more accurate
results with a clear control group. The control measures are basic biosecurity
measures that are efficient for other infectious diseases. The optimal time needed
to isolate the calves or prevent nose-to-nose contact needs more research as our
farmers implemented the measures in so many different ways and there is still
more to learn about the shedding and circulation of M. bovis.
We do not know if these low risk farms are actually free of M. bovis. It looks
promising because M. bovis has not yet been detected in any of the low risk farms
(2020). Some of the farms have continued taking NS swabs from calves routinely,
and all have analysed bacteriological mastitis samples with PCR to detect M. bovis.
Calves from some of the dairy farms in the study have been sold to calf rearing
units assumed to be M. bovis free without M. bovis emerging in them. On low
risk farms, the infection pressure and risk of spreading M. bovis is lower.
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National level
Finding the various ways to identify the positive farms as quickly as possible is
important in controlling the infection within a country. Keeping records of animal
movements and knowledge of which farms are M. bovis positive helps in tracking
positive farms. Our study showed that utilization of MI data could aid finding
newly infected M. bovis herds. MI data could be used to sample farms with the
most lung lesion and identify new positive farms. Using PCR to detect M. bovis
in routine mastitis diagnostics has become very useful in Finland. Roughly 150
000 milk samples are analysed with PCR annually in Finland to detect M. bovis
when the number of cows was about 262 000 in 2019. Because to this, we believe
that we have located most of the herds with M. bovis mastitis. The few farms still
not using PCR for mastitis diagnostics in Finland should be screened, preferably
periodically. At least tank milk samples should be analysed with PCR and possibly
with ELISA to provide some information on the frequency of M. bovis mastitis
on these farms.
Of all dairy farms in Finland, 88 (1.4%) were identified as M. bovis positive by June
2020 (Animal Health ETT, M. bovis -tilanne, 2020). Of these, 39 (44%) reached
the low risk level to date. As control measures against M. bovis are voluntary in
Finland, there are always farms that do not want to participate. Some farmers
are near retirement with nobody designated to take over and some might have
other personal reasons affecting their decision-making. In addition, there are
always some farmers who just do not see any benefit in implementing control
measures. Training and sharing information on the benefits of control measures
to motivate farmers is beneficial. If the aim is to control M. bovis at the national
level, resources for a well-planned advice service are needed.
Countries demonstrate substantial variation in the severity of the signs and
outbreaks of M. bovis. In Finland, we do not seem to have as severe outbreaks as
in some other countries. The fact that our mean herd size is small (48) compared
with many other countries can exert an influence. In addition, different M. bovis
strains might differ in virulence. Yair et al. (2020) demonstrated that in Israel
the predominant strain before 2008 was different from that currently circulating
and causing mastitis outbreaks. Similar results have been reported for Swiss and
Austrian strains (Bürki et al., 2016). With this in mind, countries with M. bovis,
should also prevent entry of new strains from abroad. Timonen et al. (2020) showed
that a dairy herd in Estonia seemed to have two different strains of M. bovis, the
new one could have come from purchased beef cattle. A new strain entering a herd
could be more virulent than the previous one and cause more severe signs. As few
samples from Finland were the same genotype as the dominant type in Denmark
in 2016, causing more severe signs in Denmark than the strain dominant in the
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1980s (Tardy et al., 2020), other circumstances could affect to the severity of the
signs. Again, the small herd size in Finland might be one of them.
In a study by Vähänikkilä et al. (2019), we concluded that screening for M. bovis
positive herds would need routine detection of M. bovis from mastitis samples,
samples from calves with pneumonia, repeated NS samples from calves and serum
samples from young stock. In this thesis in article III, we used routine detection
of M. bovis from mastitis samples and repeated NS samples from calves to screen
low risk herds. New diagnostic methods needing few samples would be welcome,
being more economic in identifying nationally the M. bovis positive herds that do
not have M. bovis mastitis. The balance between what measures are economic
and what is required in the control of M. bovis is challenging.
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STRENGTHS AND LIMITATIONS OF THE STUDIES
M. bovis had just recently been detected in Finland when our M. bovis project
started. Finland was considered naive regarding M. bovis. This gave us a unique
possibility to trace risk factors not possibly otherwise evident. M. bovis infected
dairy farms all had recent infections and M. bovis mastitis cases were among
the first ones on the farms. PCR detection of M. bovis was already routinely
used in analysing bacteriological mastitis samples in Finland. This helped us to
recognize quickly M. bovis positive herds that had M. bovis mastitis and made it
easier to track down all M. bovis mastitic cows in the herds. On the two farms in
article II, the first M. bovis mastitis cases were found promptly and semen used
in insemination for these first M. bovis mastitis cows could be compared.
Our study related to the control measures did not have a true M. bovis positive
control group because we did not have a group of farms that for ethical reasons
were not instructed at all. However, we had farms that did not isolate or separate
the calves.
Dairy herds in Finland are small compared with many other countries. The mean
herd size is increasing each year, and in 2019 the mean number of cows in a dairy
herd was 48. Smaller herd sizes might lead to better results in control measures
for M. bovis positive farms.
As none of the inseminations with M. bovis positive semen was done on the control
farms, we could not include this unbalanced variable in the multivariable model.
We used the variable insemination with M. bovis positive bull instead and as
only few lots were positive, we could only see a trend in the risk analysis with
the multivariable model.
Related to article I, results from different abattoirs and countries are not always
directly comparable due to different management systems or disease status of
countries. On the other hand, a larger number of pneumonia and pleuritis cases
in MI data indicate more respiratory problems in the herd and thus M. bovis is
one possible cause.
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Concluding remarks

CONCLUDING REMARKS
1. MI data on lung lesions can be used to help to detect M. bovis positive cattle
farms.
2. Bulls from M. bovis positive farms weighed at slaughter did not grow less than
cattle from control farms in our study.
3. Contaminated semen can introduce M. bovis into a dairy farm. In the
univariable analysis, purchase of cattle and M. bovis contaminated lots used
in insemination were statistically significant factors in addition to protective
boots and clothes not used by some visitors, for example temporary help, and
other contagious diseases. In the final model of the multivariable analysis,
higher average herd milk yield had a protective effect and herd size and use
of a semen straw from an infected bull showed a trend.
4. M. bovis positive dairy farms can reach low risk level by implementing
control measures. These measures include mainly culling M. bovis positive
mastitic cows, raising calves separately from the older animals and analysing
bacteriological mastitis samples with M. bovis PCR.
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FUTURE PROSPECTS
Considerable research has been done on diagnostics of M. bovis. It is a challenge
because asymptomatic carrier animals can spread the infection. Taking a variety
of samples increases the possibilities of finding M. bovis positive herds, but such
sampling is often costly and laborious. Easier diagnostic methods to detect M.
bovis positive herds without M. bovis mastitis are still needed. We need to identify
all M. bovis positive farms more efficiently to better control M. bovis. Also in M.
bovis control programs it would be important to detect M. bovis free herds.
In our studies, we show that contaminated semen can introduce M. bovis into a
dairy farm. In addition, semen from an M. bovis positive bull showed a trend in
our risk factor analysis and contaminated semen was significant in the univariable
analysis. Countries free of M. bovis should seek ways to ensure M. bovis free semen
because it can be a potential source of M. bovis. In addition, countries trying to
control M. bovis and closed farms with good biosecurity would benefit from using
M. bovis free semen. This could be achieved, by using semen from only M. bovis
negative bulls, which raises challenges in diagnosing M. bovis negative bulls.
In our study on control measures on dairy farms, the farms implemented the
measures in different ways. For this reason, exact sufficient lengths of time for
isolating the calves and preventing nose-to-nose contact could not be made. The
time needed to isolate the calves from older animals in M. bovis positive farms
needs to be studied as we still have more to learn on shedding and circulation of
M. bovis. In addition, the prevalence and relevance of the M. bovis IMI with low
SCC needs more research and whether such cases are more abundant on farms
with a long history of M. bovis.
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