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A B S T R A C T

The objective of this case-control study was to determine the herd- and cow-level risk factors associated with an
outbreak of Mycoplasma bovine mastitis in the winter of 2014–2015 in Nemuro, Hokkaido, Japan. Two ques-
tionnaire surveys were sent to all 40 Mycoplasma-infected farms in the area and 73 non-infected farms for the
farm-level analysis. Infected cows were matched to twice the number of non-infected cows in the same herds by
parity and days after calving. Movement records, dairy herd test records, and clinical records of infected cows
and matched non-infected cows were collected for the cow-level analysis. Risk factors for Mycoplasma infection
were explored by multivariable analyses at both levels. In the herd-level analysis, tie stall housing for milking
cows (odds ratio [OR]=0.20, 95 % confidence interval [CI]: 0.07-0.60, p= 0.004), consciously wiping of teat
openings before milking (OR = 0.15, 95 % CI: 0.02-0.76, p= 0.030), and use of paper towels to wipe teats (OR
= 0.31, 95 % CI: 0.09-0.92, p= 0.045) were identified as preventive factors, whereas introduction of cattle (OR
= 3.43, 95 % CI: 1.14–10.86, p= 0.030) was identified as a risk factor. In the cow-level analysis, a history of
presence in livestock markets (OR = 10.80, 95 % CI: 1.12–104.38, p= 0.040), higher milk yield 2 months prior
to Mycoplasma infection (OR=1.09, 95 % CI: 1.02–1.18, p= 0.014), and previous diagnosis of acute mastitis
without isolation of the causal pathogen (OR = 3.14, 95 % CI: 0.86–11.41, p= 0.082) were identified as risk
factors. These results highlight the importance of proper milking hygiene control and quarantine of introduced
cattle to prevent Mycoplasma infection.

1. Introduction

Bovine mastitis caused by Mycoplasma spp. is a highly contagious
disease and a major problem in the global dairy industry (Nicholas
et al., 2016). The economic impact of Mycoplasma mastitis is high be-
cause the disease is considered untreatable with antibiotics, and thus,
culling of infected cows is commonly recommended for within-farm
control. Several Mycoplasma species have been linked to bovine mas-
titis, with Mycoplasma bovis being the most important (González and
Wilson, 2003). In addition to mastitis, Mycoplasma spp. also cause a
variety of other diseases, including pneumonia, otitis media, and ar-
thritis (Maunsell et al., 2011).

The primary route of Mycoplasma infection is udder-to-udder spread
by milking equipment, hands, or teat dipping (Maunsell and Donovan,
2009). Calves can be infected by ingestion of contaminated colostrum
or waste milk and through aerosols (Foster et al., 2009; Maunsell et al.,

2011). Intra-uterine or intra-mammary transmission of Mycoplasma
from a dam to a calf has also been reported (Pfutzner and Schimmel,
1985; Fox et al., 2008). Contaminated semen is also a route of Myco-
plasma infection (Haapala et al., 2018). Several risk factors for Myco-
plasma mastitis have been reported as well. Commonly identified risk
factors include large herd size and introduction of cattle (González and
Wilson, 2003). Potential reasons larger herds have a higher risk of
contracting mastitis are that they tend to have more introduced cattle
and a higher chance of a rare infection event (Fox et al., 2003). In
addition, a higher frequency ofMycoplasma infection in winter has been
reported (Maunsell and Donovan, 2009).

Hokkaido is the largest dairy production area in Japan, producing
more than half of the cow milk in the country (Ministry of Agriculture‚
Forestry and Fisheries, 2018). Hokkaido is the northernmost prefecture
in Japan and typically covered in deep snow in winter. Mycoplasma
mastitis is a major dairy issue in Japan, with an estimated herd-level
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prevalence of 3.8 % in the Tokachi area of Hokkaido (Ministry of
Agriculture‚ Forestry and Fisheries, 2018; The Federation of
Agricultural Cooperatives in Nemuro, 2018). An increase in the oc-
currence of Mycoplasma mastitis cases was noted from 2014 to 2015 in
the Nemuro area (the eastern part of Hokkaido) by the Nemuro Myco-
plasma Mastitis Control Committee (NMMCC), which consists of local
agricultural cooperatives, the Federation of Agricultural Cooperatives
in Nemuro (FACN), the Hokkaido Dairy Milk Recording and Testing
Association, veterinarians in the Hokkaido Higashi agriculture mutual
aid association (AMAA) and Nemuro Prefectural Livestock Hygiene
Service Center, agriculture extension officers in the prefectural agri-
culture extension office, and the prefectural livestock research institute.
Three to six times per year, the committee conducts PCR-based bulk
tank milk screening tests (Higuchi et al., 2011) for Mycoplasma spp. for
all of the member dairy farms of the agricultural cooperatives. Although
possible risk factors have been reported in the literature, little is known
regarding the relative importance of these factors in Japan.

In the present case-control study, we conducted separate analyses of
both cow- and herd-level risk factors for Mycoplasma mastitis by (1)
comparing infected and non-infected farms, and (2) investigating the
records of cattle movement, milk testing, and clinical services regarding
infected and non-infected cows at the infected farms.

2. Materials and methods

2.1. Study design

Case-control analyses at the farm and cow levels for bovine
Mycoplasma mastitis were conducted using a structured questionnaire
and investigation of the records of cattle movement, milk testing, and
clinical services, following a participatory appraisal of potential risk
factors for Mycoplasma mastitis by NMMCC members in March 2015.
Four hypotheses regarding factors associated with Mycoplasma mastitis
were discussed at the appraisal: (1) poor hygiene management facil-
itates infection of the udder; (2) heifers are infected with Mycoplasma at
a communal ranch and carry the infection to the farm; (3) cows with a
higher milk yield may be more easily infected; and (4) Mycoplasma may
be harbored for a long period in cows affected by pneumonia, arthritis,

or otitis media, until the onset of Mycoplasma mastitis (Fig. 1).
The study was conducted in the Nemuro region, which is located on

a large plain. The Nemuro region is an important dairy production area
in eastern Hokkaido, with an average temperature of 6.3 °C and typi-
cally heavy snow in winter. Some farms in this area send their heifers to
communal ranches for grazing during summer. About 99 % of Japanese
dairy herds use artificial insemination or embryo transfer and use of
bulls for breeding is rare.

In the farm-level analysis, case farms were defined as FACN member
dairy farms in eastern Hokkaido which either were tested positive in the
PCR-based regular bulk milk screening test, followed by PCR tests of all
cows, or had a cow with a clinical Mycoplasma mastitis diagnosis by an
AMAA veterinarian during the period between April 2014 and July
2015. Approximately 96 % of the dairy farms in the area belong to the
FACN, and the screening results are thus representative of the dairy
farm population of the Nemuro region. In cases in which a bulk milk
sample tests positive, milk samples from all lactating cows are sent by
an AMAA veterinarian to a private company, Nihon Dobutsu Tokusyu
Shindan, for PCR-based determination of Mycoplasma spp. and
Mycoplasma species identification. Almost all milk samples from clinical
mastitis cases tentatively identified as Mycoplasma mastitis are also sent
by the AMAA veterinarian to the same private company.

Control farms were defined as follows. First, the case farms were
categorized as small-, medium-, or large-scale according to the number
of adult cows (< 101, 101–200, or> 201, respectively). Second, the
number of small-, medium-, and large-scale case farms in the
Agricultural Cooperative catchment areas within the Nemuro region
that were covered by the NMMCC was determined. Third, twice the
number of case farms in each respective size and catchment area ca-
tegory at which Mycoplasma mastitis had never been reported were
randomly selected from a list of farms belonging to the FACN. Surveys
using structured questionnaires and an investigation of cattle move-
ment data were conducted among the selected case and control farms
for the farm-level risk factor analysis. The first questionnaire asked
about experience with Mycoplasma infection within 2 years in order to
verify the eligibility of case and control farms.

The cow-level analysis was conducted only among case farms where
the owners agreed to allow access to production and veterinary clinical

Fig. 1. Putative causal web showing hypotheses of the study regarding the relationship between Mycoplasma mastitis and poor hygiene management, use of com-
munal ranches, high milk production, and previous Mycoplasma infection.
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records. Case cows were defined as those with a confirmed diagnosis of
Mycoplasma mastitis based on the diagnostic results from the AMAA
returned by the above-mentioned private company between April 2014
and July 2015, regarding both confirmation procedures following bulk
milk screening and clinical services. In the case of Mycoplasma mastitis
detection by bulk milk screening, as it is not a clinical case, the case will
not be recorded as mastitis case in the clinical record. Also in the
electronic clinical records of the AMAA, causal pathogens of mastitis
are not digitized. Moreover, although AMAA veterinarians send sam-
ples to the company for Mycoplasma infection diagnosis for pneumonia,
arthritis, and otitis media cases as well, the clinical history of the di-
agnosed cows is not recorded in the diagnostic results returned by the
company (veterinarians use the results for the clinical decisions).
Therefore, the Mycoplasma mastitis cows were defined as the cows di-
agnosed as Mycoplasma positive in the records returned by the private
company (at this stage, non-mastitis Mycoplasma infections are in-
cluded), confirmed as lactating based on FACN records at the time of
the tests, to ensure that the cows were at risk of mastitis, and without
AMAA clinical records of pneumonia, arthritis, or otitis media in the 2
months before the tests, to exclude non-mastitis Mycoplasma infections.
In Japan, all cattle are registered in the Individual Identification
Information System of Cattle of the National Livestock Breeding Center
(NLBC). Cow identifications were matched in the records of the AMAA
(clinical records and diagnoses returned by the private company) and
FACN using the 10-digit cattle identification number. Control cows at
the case farms were matched at a 1:3 ratio with case cows (three non-
infected cows per infected cow). The matching criteria were presence at
the same farm, parity, and days in milking after calving (difference of
less than 30 days). Lists of cows by identification number at the case
farms as of July 2016 were provided by the FACN. Case cows that were
not matched with non-infected cows were excluded from the study. The
cow-level risk factor analysis evaluated cattle movement, milk pro-
duction, reproduction, and disease history factors using digitized re-
cords from different sources.

The study results are reported according to the Strengthening the
Reporting of Observational Studies in Epidemiology statement checklist
for veterinary medicine (the STROBE-Vet statement) in accordance
with recommendation of O’Connor et al. (2016).

2.2. Questionnaire surveys

Two questionnaire surveys were conducted for the farm-level ana-
lysis. The first questionnaire focused on hygiene management and in-
troduction of infected cows and collected information relating to the
farm, introduction and use of communal ranches for heifers, and hy-
giene management during the period between April 2014 and July
2015 (Table 1). The designed questionnaire was reviewed by a veter-
inary epidemiologist and the academic committee of the AMAA and
pretested among five dairy farmers in another region. Feedback was
used to improve the questionnaire by adding and rephrasing questions
and choices and improving design. The field survey was conducted
between December 2015 and February 2016 via face-to-face interviews
by staffmembers of Japan Agricultural Cooperatives. The questionnaire
was explained to staffmembers at the meeting of the NMMCC in August
2015, prior to the field survey. The filled questionnaires were sent to
Rakuno Gakuen University (RGU), where the responses were digitized.

The second survey was conducted among the respondents to the
first survey in order to clarify the influence of regional Mycoplasma
mastitis outbreaks in changing behaviors associated with hygiene
management (Table 1). The designed questionnaire was reviewed by a
veterinary epidemiologist, and face-to-face interviews were conducted
in the same manner as with the first survey. The second questionnaire
included several questions that were also included in the first ques-
tionnaire, but two answer columns were provided for case farms to
indicate practices pre- and post-outbreak in order to minimize recall
bias. The two questionnaires were written and conducted in the

Japanese language and consisted primarily of closed or semi-closed
questions.

2.3. Data collection for the farm-level analysis

To enhance the quality of quantitative data regarding movement of
cattle for introduction to the farms, including the return of heifers from
short-term stays at communal ranches, cattle movement records were
obtained from the Search Service of the NLBC Individual Identification
Information System of Cattle, collating the identification numbers of
cows owned by the case and control farms as of July 2016 provided by
the FACN. For the farm-level analysis, movement records dated prior to
April 2014 were used. The places where cows had been located were
divided into four categories (farm, market, communal ranch, and other)
based on place names, interviews with an AMAA veterinarian, and web
search results.

2.4. Data collection for the cow-level analysis

The cow-level analysis focused on the potential spread of mastitis
due to introduction of infected cows, higher susceptibility of cows with
a higher milk yield, and disease caused by Mycoplasma harbored in the
body since a previous infection. Therefore, three types of records were
collected: movement, dairy herd testing, and veterinary clinical re-
cords.

Based on the expert opinions of the authors, infection of udders with
Mycoplasma was assumed to have occurred earlier than 2 months before
the onset or detection of Mycoplasma spp. in the diagnostic tests.
Therefore, for the case cows, NLBC movement records and AMAA
clinical diagnostic records for the associated disease categories invol-
ving Mycoplasma infection (Table 1) earlier than 2 months prior to the
Mycoplasma mastitis diagnosis were collected. The milk production and
reproduction records (Table 1) for the month that was 2 months prior to
the Mycoplasma mastitis diagnosis were collected from the FACN. For
the control cows, movement, clinical, milk production, and reproduc-
tion records for the same months used for the matched case cows were
collected. For statistical analysis, days in milking were categorized into
four groups:< 80, 80–159, 160–240, and> 240. Farms were not
blinded to the analyst during the study.

2.5. Statistical analysis

2.5.1. Descriptive epidemiology
The dates of occurrence used for descriptive epidemiology were

collected via the first questionnaire. Farms which did not remember the
incident dates were removed from the analysis. Information regarding
isolated species was based on the results of the laboratory tests. If no
laboratory test results were obtained, species designated in the first
questionnaire were used. Data regarding monthly amount of snowfall
during the study period were obtained from the database of the Japan
Meteorological Agency (2020) in order to examine the effect of snowfall
on Mycoplasma mastitis incidence. Temporal associations between
Mycoplasma mastitis occurrence and snowfall were analyzed using the
Spearman correlation test (Spearman, 1904).

2.5.2. Risk factor analysis
Univariable analyses of herd-level Mycoplasma mastitis occurrence

were conducted for the items in the two questionnaire survey results
and movement records. For the questions asked in both surveys, if the
responses in the second survey for pre- and post-outbreak were con-
tradictory, answers for pre-outbreak were used for the analyses;
otherwise, answers in the first survey were used. Variables were ex-
cluded from the analyses when fewer than half of the farms responded
to the items or if the responses were logically invalid (e.g., age of calves
sent to a communal ranch was excluded if the farm did not use com-
munal ranches). Categorical questions allowing multiple responses
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were treated as binomial variables for each choice. New categories were
created when more than four farms provided the same content in an-
swers to the free descriptive questions. Some questions were grouped
into one on the basis of context.

Categorical variables were examined using Fisher’s exact test when
more than 20 % of a contingency table had an expected value of less
than 5; otherwise, the variables were examined using the Pearson’s chi-
squared test. For binomial variables, the odds ratio (OR) and 95 %
confidence interval (CI) were calculated. Numerical variables were
examined using the Wilcoxon rank sum test.

Herd-level multivariable analyses were conducted for variables ex-
hibiting a p-value of less than 0.2 in the univariable analyses. Several
variables collected had the same meaning, and in such cases, only the
variable that most represented the intended context was selected for the
analysis. Variables that could not be included in a causal web were
removed. As a large number of variables exhibited a p-value of less than
0.2, they were divided into groups based on meaning. Multivariable
sub-models were prepared for every group of variables and analyzed
using a generalized linear model with binomial errors (logit link), with
variables in the group serving as explanatory variables and Mycoplasma
infection status serving as the response variable using only herds for
which complete information regarding the variables was available.
Herd size was forced into every model to control for confounding. No
interaction terms were included in the models. Final models were se-
lected by both-side stepwise regression according to Akaike’s informa-
tion criterion. Variables exhibiting very large standard errors were

removed from the resulting models. The variables selected in the sub-
models were integrated into one model, and further model selection
was conducted in the same manner. Step-by-step simplification of the
integrated model was conducted by comparing models with and
without the variable for which the p-value was the highest using the
likelihood ratio chi-squared test; if the p-value was ≥0.05, the variable
was removed from the model. This step was repeated until the p-values
for all explanatory variables were<0.05.

Cow-level univariable analyses were conducted using conditional
logistic regression selecting Mycoplasma infection status as the response
variable, for the items in the dairy herd test records, clinical records,
and movement records. Variables in which less than half of the records
were valid were removed from the analysis. Invalid records included
variables such as data for “age of the first movement” for a cow that had
never been moved from the home farm.

Cow-level multivariable conditional logistic regression was con-
ducted selecting Mycoplasma infection status as the response variable,
variables exhibiting a p-value of less than 0.2 in the univariable ana-
lyses as explanatory variables, and tuples of an infected cow and non-
infected cows as strata. Similar to the herd-level analysis, the most
representative variable was selected when multiple variables had the
same meaning, and non-related variables in a causal web were excluded
from the analysis. No interaction terms were included in the models.,
The data included only the cows with complete information regarding
the variables. Variables with a very large standard error were removed
from the resulting model.

Table 1
List of collected data and associated content.

Category Content

Herd-level analysis
Questionnaires
Farm information Type of farm (2); number of workers; year the farm was opened; year the farm owner started milking; number of cows (5)
Experience with Mycoplasma infection Number of cows infected with Mycoplasma in the outbreak; previous experience with Mycoplasma infection (2); knowledge of frequent

occurrence of Mycoplasma mastitis in the neighborhood; changed hygiene management after the outbreak
Knowledge about Mycoplasma Have ever heard the name; know thatMycoplasma causes diseases in calves; know thatMycoplasma can be transmitted from a dam to a

calf by human hands; considered the possibility ofMycoplasma infection in a case of clinical mastitis when no Mycoplasma was isolated
Disease prevention Vaccination against respiratory diseases (3); prevention of wild animal intrusion (3); disinfection of vehicles; management of the

sanitation control zone (3); use of disinfectant foot baths (4); use of hydrated lime powder at farm entrance; hygiene management
control of vehicles (3)

Milking hygiene Available milking equipment (3); teat wiping (5); pre-dipping; post-dipping; use of a cart; use of a strip cup; actively called a
veterinarian when abnormality was found (2); disinfection of milking equipment (3); order of milking (2); practice mastitis testing (3);
disinfection of milking unit after the first calving of heifers

Calf handling Timing when a calf is separated from its dam; period keeping a calf and dam together; method of feeding colostrum (4); method of
feeding milk (4); period of feeding milk to a calf (8); same worker takes care of calves and milking cows; timing of taking care of
calves; change gloves and cloths (2)

Communal pastures Experience of using a communal pasture; type of cows sent to a communal pasture; owner of the communal pasture; type of communal
pasture

Introduction Experience with introduction; type of introduced cows; frequency of introduction (4); number of introduced cows (4); source of
introduction (2); mastitis testing of introduced cows (2); quarantine of introduced cows (2); health check of introduced cows

Barns Type of housing (4); volume of bedding (3); type of bedding (3); use of hydrated lime powder; frequency of changing bedding (6);
frequency of removing manure (3); regular disinfection of barns (3); frequency of barn disinfection (3); type of disinfectant used for
barn disinfection (3); type of water supply equipment (3); frequency of cleaning water supply equipment (3); use of machinery
ventilation (3)

Hygiene management in winter of 2015 Remember the condition of hygiene management in the winter; change in frequency of ventilation in the winter (4); change in
frequency of removing manure in the winter (4); change in frequency of changing bedding in the winter (4)

Movement records Number of cows in a herd; experience with movement (2); proportion of moved cows (2); experience with introduction (3); proportion
of introduced cows (3); experience with using communal pastures; proportion of cows sent to communal pastures; having cows that
had been at a livestock market; proportion of cows that had been at a livestock market; number of movements (4); age at movements
(4)

Cattle-level analysis
Movement records Experience with movement (2); number of movements; age at movements (3); experience with introduction; source of introduction;

experience with having been in a livestock market; experience with having been in a communal pasture
Dairy herd test records Milk yield (4); adjusted milk yield (2); expected milk yield for the next 12 months; fat concentration (3); non-fat milk solids

concentration (3); protein concentration (3); milk urea nitrogen concentration; somatic cell count in milk; linear score (2); days in
milking; pregnancy status; calving interval; number and timing of artificial insemination (3); details of the last delivery (3); body
weight; cow age; amount of concentrates fed

Clinical records Disease histories: pneumonia (2); peracute mastitis (2); acute mastitis (2); chronic mastitis (2); subclinical mastitis (2); mastitis in dry
period (2); mastitis in heifers (2); otitis media; arthritis; Mycoplasma infection of other types (3)

Numbers in parentheses indicate the number of questions related to that content. Absence of a number in parentheses indicates that there was only one question for
that content item.
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A theoretical causal web was drawn based on the results of the
multivariable analyses to illustrate possible relationships between
variables. Data were input using Microsoft Excel 2010 and Microsoft
Access 2010. All statistical analyses, including random sampling, were
performed using R, version 3.5.2 (R Core Team, 2019b). In addition to
those mentioned above, the following R packages were used in the
study: dplyr (Wickham et al., 2019), glue (Hester, 2019), foreign (R
Core Team, 2019a), lubridate (Grolemund and Wickham, 2011), readr
(Wickham et al., 2018), readxl (Wickham and Bryan, 2019), and stringr
(Wickham, 2019) for data handling; DiagrammeR (Iannone, 2019),
ggplot2 (Wickham, 2016), and ggpubr (Kassambara, 2019) to create
graphs; broom (Robinson and Hayes, 2019) and vcd (Meyer et al.,
2017) for general statistical analyses.

2.6. Ethical approval

This study was conducted at the request of the NMMCC, and ethical
concerns regarding access to production and veterinary clinical in-
formation were considered by the NMMCC, FACN, and AMAA. AMAA
veterinary clinical data were provided to the NMMCC upon written
consent from dairy farmers, based on the “Minutes of provision of
Mycoplasma mastitis investigation data” between the NMMCC and
AMAA, which took effect on September 6, 2015. Dairy herd test records
were provided to RGU based on the “Minutes of protection of the in-
formation assets associated with the collaborative research on the in-
vestigation into the cause of Mycoplasma mastitis in Nemuro region”
between the FACN and RGU, which took effect on December 5, 2016.
Consent forms regarding the questionnaire surveys, data collection, and
analysis were explained to the farmers in face-to-face interviews with
the help of AMAA veterinarians and Japan Agricultural Cooperatives
staff. Information was collected and analyzed only for farms that pro-
vided signed consent.

3. Results

3.1. Response rates and data availability

In the herd-level analysis, all 40 infected farms (which belonged to
the FACN during the study period) and 73 non-infected farms were
selected. In the first questionnaire survey, 37 of the 40 infected farms
(92.5 %) and 70 of the 73 non-infected farms (95.9 %) responded and
agreed to participate in the study. In the second questionnaire survey,
which was conducted for the participants of the first survey, 25 of the
37 infected farms (67.6 %) and 47 of the 70 non-infected farms (67.1
%) responded. Movement records for the herd-level analysis were
available for 37 infected farms and 67 non-infected farms. The move-
ment records of the remaining 3 non-infected farms could not be ob-
tained.

For the cow-level analysis, 18 infected farms agreed to the use of
their cow records in the study. After matching infected and non-in-
fected cows, clinical records, dairy herd test records, and movement
records of 42 infected and 107 non-infected cows at 6 infected farms
were used for the cow-level analysis. In the 6 farms, 1–19 infected cows
(median: 5) were selected out of 118–400 cows (median: 202) in the
farms. Of 18 infected farms that agreed to the use of their cow records,
12 farms were removed for the following reasons: no enrollment in the
dairy herd testing program (1 farm), non-identification of infected cows
(7 farms), no records available for 2 months before the infection oc-
curred (3 farms), and an infected cow being in a dry period 2 months
before the infection occurred (1 farm).

3.2. Descriptive epidemiology

The mean and median number of infected cows per infected farm
were 5.9 and 3.5, respectively (n= 28 farms). Fig. 2 shows the tem-
poral relationship between the occurrence of Mycoplasma mastitis by

species (n=31 farms) and snowfall. The most frequently isolated
species was M. bovis (71.0 %, 22/31 farms), followed by M. californicum
(12.9 %, four farms), and M. bovigenitalium and M. canadence (3.2 %,
one farm each). There was no significant relationship between Myco-
plasma occurrence and snowfall (Spearman’s rank correlation coeffi-
cient: 0.214, p= 0.214).

3.3. Herd-level risk factor analysis

In the herd-level univariable analyses, 138 variables from the first
questionnaire survey and 18 variables from the second survey for which
the answered rate was over 50 %, and 23 variables from the movement
records for which more than 50 % of all farms contained valid values,
were analyzed. Table 2 shows the results for variables exhibiting a p-
value of less than 0.05 in the herd-level univariable analyses using the
responses from 37 infected and 70 non-infected dairy farms. Out of 25
infected farms which answered both the first and second surveys for 20
question items asking pre- and post-outbreak situations, 8 farms (32 %)
answered differently for at least one question (min: 1, median: 2.5,
max: 6). In terms of the changed behaviors, the change between pre-
and post-outbreak was observed in 10 question items out of 20. The
question items answered differently by the greatest number of farmers
(five farmers each) were “actively call veterinarians when an abnorm-
ality was found by PL test (modified California Mastitis Test used in
Japan)” and “disinfect milking equipment before milk a next cow”,
suggesting the most common behavioral changes after the experience of
Mycoplasma incidence.

Variables that exhibited a p-value of less than 0.2 in the univariable
analyses were selected and grouped into multivariable sub-models
based on meaning (Supplemental Table S1). The final herd-level mul-
tivariable model included one risk factor: history of introduction of
cows, and three preventive factors: tie stall barn for milking cows,
consciously wipe teat openings before milking, and use a paper towel
after a cloth towel to wipe teats (Table 3).

3.4. Cow-level risk factor analysis

In the cow-level univariable risk factor analyses, 6 variables from
the movement records and 32 variables from the productivity records
(for which there were valid value for more than 50 % of the cows), and
all variables in the clinical records were analyzed. In the cow-level
univariable risk factor analyses, two factors had p-values lower than
0.05: history of being at a livestock market and causal pathogen–uni-
dentified acute mastitis (Table 4). The final cow-level multivariable
model included three risk factors: history of being at a livestock market,
causal pathogen–unidentified acute mastitis, and higher milk yield at
the test day (Table 5). The history of causal pathogen–unidentified
acute mastitis exhibited a marginal p-value, but the final model with the
factor had the lowest AIC. Fig. 3A and B summarizes the postulated
causality of Mycoplasma mastitis inferred at the herd and cow levels,
respectively, for the discussion hereafter.

4. Discussion

In this study, risk factors for Mycoplasma mastitis were investigated
at the farm and cow levels, and to the best of the authors’ knowledge,
this is the first study to have examined an outbreak of Mycoplasma
mastitis at both levels simultaneously. The multi-level study utilized a
variety of data sets: movement records, dairy herd test records, and
clinical records, in addition to two questionnaire surveys.

As shown in Fig. 3A, at the herd level, introduction of cows poses
the risk of introducing Mycoplasma-infected animals. Even at the cow
level, a history of presence at a livestock market was found to be a risk
factor, suggesting the possibility of introducing and/or transmitting
Mycoplasma from infected cows from other farms (Fig. 3B). Cattle in-
troduction is a well-known risk factor for Mycoplasma infection (Fox
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et al., 2003). A questionnaire study conducted in Tokachi, which is also
located on Hokkaido Island, also identified a history of purchasing
cattle as a herd-level risk factor (Murai and Higuchi, 2019). Interpreting
the results related to cattle introduction in the present study was
somewhat complicated, however. The dataset consisting of ques-
tionnaire results and movement records included information on cattle
introduction as a binary response, the number of cows introduced, and
the calculated proportion of introduced cows at a given farm (Tables S1

and S2). Among these variables, only history of cattle introduction as a
binary response in the first questionnaire was identified as a risk factor.
Similarly, although a history of presence at a livestock market in the
cow-level analysis was a risk factor, the herd-level factors having cows
introduced from livestock markets, the number of cows introduced, and
the proportion of cows introduced from livestock markets did not re-
main risk factors. One possible explanation is low test sensitivity due to
the small sample size. In addition, although the p-values were

Fig. 2. IsolatedMycoplasma species and the amount of snowfall during the outbreak. y-axes represent the number of farms at whichMycoplasmamastitis was detected
in that month based on dates of incident obtained by the first questionnaire (upper) and the total amount of snowfall in Nemuro area in that month (lower).

Table 2
Herd-level univariable risk factor analysis results for Mycoplasma mastitis occurrence (p < 0.05).

Variable Infected (%) Non-infected (%) Odds ratio (95 % CI) p-value

1. Questionnaires
Mean number of cows
Milking cows 90.0 (n= 37) 68.5 (n= 70) 0.036
Calves 20.0 (n= 37) 10.0 (n= 70) 0.031
Housing for milking cows
Tie stall 12/37 (32.4 %) 46/70 (65.7 %) 0.3 (0.1–0.6) 0.002
Free stall 24/37 (64.9 %) 27/70 (38.6 %) 2.9 (1.3–6.7) 0.017
Free barn 1/37 (2.7 %) 0/70 (0.0 %) 5.8 (0.2–145.8) 0.346
Rangeland 2/37 (5.4 %) 5/70 (7.1 %) 0.7 (0.1–4.0) 1.000
Mycoplasma infection in milking
Consciously wipe teat openings before milking 30/37 (81.1 %) 67/70 (95.7 %) 0.2 (0.0–0.8) 0.030
Disinfect milking equipment before milk the next cow 16/37 (43.2 %) 6/70 (8.6 %) 8.1 (2.8–23.5) 0.000
Mycoplasma transmission from calves to a cow
Know that Mycoplasma transmits from a calf to a mother cow by human hands 30/37 (81.1 %) 37/67 (55.2 %) 3.5 (1.3–9.0) 0.015
Use machinery ventilation in the calf barn 14/32 (43.8 %) 12/62 (19.4 %) 3.2 (1.3–8.3) 0.024
Timing when a calf is separated from its mother cow after a delivery
Immediately after the delivery 16/23 (69.6 %) 17/47 (36.2 %) 4.0 (1.4–11.7) 0.018
When realized the delivery finished 8/23 (34.8 %) 28/47 (59.6 %) 0.4 (0.1–1.0) 0.090
Keep them together for a while 1/23 (4.3 %) 4/47 (8.5 %) 0.5 (0.1–4.6) 1.000
Introduction of Mycoplasma to a farm
Occurrence of Mycoplasma mastitis within two years in group farms 4/28 (14.3 %) 0/55 (0.0 %) 20.4 (1.1–393.5) 0.011
Use communal pastures 0.034
Using more than several years 8/37 (21.6 %) 32/69 (46.4 %)
Started to use in this year 2/37 (5.4 %) 1/69 (1.4 %)
Have been used before 2/37 (5.4 %) 5/69 (7.2 %)
Never used 25/37 (67.6 %) 31/69 (44.9 %)
Raised awareness by the occurrence of Mycoplasma mastitis
Changed hygiene management after Mycoplasma mastitis in the farm or in the neighborhood 17/37 (45.9 %) 14/66 (21.2 %) 3.2 (1.3–7.6) 0.016
Considered the possibility of Mycoplasma infection in a case of clinical mastitis with no bacteria isolated 28/37 (75.7 %) 35/67 (52.2 %) 2.8 (1.2–6.9) 0.033
Conduct mastitis test for Mycoplasma after the first calving of a home-bred heifer 5/37 (13.5 %) 1/69 (1.4 %) 10.6 (1.2–94.7) 0.019
2. Movement record
The proportion of moved cows from their home farms 3.7% (n= 37) 25.5% (n= 67) 0.031
The proportion of cows which have been sent to communal pastures 1.2% (n= 37) 10.8% (n= 67) 0.006
Mean number of movements for all cows 0.4 (n=37) 0.8 (n= 67) 0.020

CI: confidence interval.
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comparatively high, the ORs suggested these variables were potential
risk factors (Table S1). Another possible explanation is that the risk of
introducing Mycoplasma-infected cows may not be constant enough to
be measured as a proportion or the number of introduced cattle at a

farm but instead depends on the history of cattle introduction.
Cows cannot freely move around within a tie stall barn (Fig. 3A).

However, cows can freely move around in a free stall barn or a free
barn, and Mycoplasma can enter teat openings soon after milking from
bedding that has been contaminated by infected cows. Although they
were not included in the final model in the present study, the use of free
stall barns or free barns for milking cows were associated with ORs>1,
suggesting that they are potential risk factors (these variables were
multiple choice and not mutually exclusive, Table S2). Murai and
Higuchi (2019) also reported a higher prevalence of M. bovis in To-
kachi, Hokkaido, in herds kept in loose housing than in herds held in
tie-stall housing. In addition, Vahanikkila et al. (2019) reported that M.
bovis commonly circulates for more than 1.5 years in loose-housing
barns and that free-stall housing is a risk factor forMycoplasmamastitis.
Raaperi et al. (2012) reported an association between higher pre-
valence of bovine respiratory diseases and loose housing of cows and
suggested that there is a greater probability of pathogen transmission in
loose-housing barns due to direct contact between cows and frequent
regrouping of cows. Employing tie-stall housing may prevent direct
contact between infected and non-infected cows and thus serves as a
preventive factor for Mycoplasma mastitis.

Infection with Mycoplasma from other cows within a farm can be
prevented by consciously wiping of teat openings before milking or
using paper towels after cloth towels to wipe the teats (Fig. 3A). There
is a general consensus that proper milking hygiene practices are critical
for controlling the spread ofMycoplasmamastitis (González and Wilson,
2003).

Cows with higher peak milk volume at 2 months before the la-
boratory testing day had a higher risk of Mycoplasma mastitis (Fig. 3B).
Several herd-level studies have also reported higher milk production at
Mycoplasma-infected farms than non-infected farms (Feenstra et al.,
1991; Fox et al., 2003; Aebi et al., 2015). Aebi et al. (2015) suggested
that this is because cows at high-production farms are more likely to
have a negative energy balance, which renders them more susceptible
to infectious diseases.

During a participatory appraisal of the potential causes of
Mycoplasma mastitis, it was suggested that Mycoplasma harbored in the
respiratory tract of calves can remain in the animal and be transferred
to the mammary glands via the blood stream, given that Mycoplasma
can also cause pneumonia, otitis media, and arthritis (Maunsell et al.,
2011). In this study, more than a quarter of Mycoplasma mastitis cases
were associated with a previous case of acute mastitis with the causal
pathogen being unidentified, and this was determined to be a risk
factor. This suggests that Mycoplasma can survive in the body of a cow
even after farmers and veterinarians have judged that the animal has
recovered from mastitis. However, transmission of Mycoplasma that has

Table 3
Final herd-level multivariable models for the risk factors for Mycoplasma mas-
titis occurrence for 35 infected and 62 non-infected farms.

Variable Odds ratio 95 % CI p-value

(Intercept) – – 0.074
Herd size 1.00 1.00–1.00 0.909
Housing for milking cows: tie stall 0.20 0.07–0.60 0.004
Consciously wipe teat openings before

milking
0.15 0.02–0.76 0.030

Use a paper towel after a cloth towel to wipe
teats

0.31 0.09–-0.92 0.045

Have ever introduced cows 3.43 1.14–10.86 0.030

CI: confidence interval.

Table 4
Cow-level univariable risk factor analysis results for Mycoplasma mastitis oc-
currence (p < 0.05).

Variable Infected
(%)

Non-
infected (%)

Odds ratio
(95 % CI)

p-value

Movement record
Have ever been at

livestock markets
5/35 (14.3
%)

3/95 (3.2
%)

8.9
(1.0–78.3)

0.019

Dairy herd test record
Milk yield at the test day

(kg)
34.0
(n= 42)

30.2
(n=107)

0.015

Clinical record
History of causal pathogen

unidentified acute
mastitis

13/42
(31.0 %)

15/107
(14.0 %)

2.8 (1.1–7.4) 0.033

CI: confidence interval.

Table 5
Final cow-level multivariable model for risk factors for Mycoplasma mastitis
occurrence for 35 infected and 95 non-infected cows in 6 farms.

Variable Odds ratio 95 % CI p-value

Have ever been at livestock markets 10.80 1.12–104.38 0.040
Milk yield at the test day (kg) 1.09 1.02–1.18 0.014
History of causal pathogen unidentified

acute mastitis
3.14 0.86–11.41 0.082

CI: confidence interval.

Fig. 3. Theoretical causal web indicating risk
factors associated with the outbreak of
Mycoplasma based on the results of the (A)
herd-level and (B) cow-level multivariable
analyses. Rectangles indicate variables in the
final multivariable models, and ellipses in-
dicate hypothetical variables. Solid line in-
dicates facilitating effect, and dashed line in-
dicates preventive effect.
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survived in the body of a cow from the time it was a calf may not be a
significant cause of Mycoplasma mastitis.

No apparent increase in Mycoplasma infection in winter was ob-
served in this study. However, several studies (Jasper et al., 1979;
Gonzalez et al., 1992; Kirk et al., 1997) have reported increases in
Mycoplasma-related diseases in winter. In the winter of 2014, the
highest snowfall in 9 years was recorded in Nemuro, and this was
suspected as playing a role in the outbreak. However, neither an ap-
parent increase in the number of Mycoplasma mastitis cases in winter
nor an apparent relationship with the amount of snowfall was observed
in the descriptive epidemiology study. In addition, because the ORs for
poor hygiene management in cattle barns due to heavy snow were<1,
worsening barn hygiene in the winter was assumed to have had little or
no relation to the outbreak.

One of the limitations in the present study is the small sample size,
particularly in the cow-level analysis, which involved only 6 farms. In
addition, more than 2 years had passed between the mastitis outbreak
and the time we asked for consent to obtain clinical records of the
farms, and not all of the farms belonged to the veterinary association
from which clinical records were obtained. While recall bias may be
concerned, the behavioral changes observed in the second survey
proved that information bias due to the changes was controlled for
robust causal inference. The third limitation is lack of Mycoplasma
mastitis diagnosis records at the cow level in the clinical records in
AMAA; however, this was overcome using the logical framework of case
definition we developed. This highlighted the need of improvement of
the clinical recording system. The fourth limitation is that it is difficult
to determine the true timing of infection with Mycoplasma in mastitis,
which might affect the statistical analysis results; however we tried to
ensure robustness by excluding the exposure information for 2 months
before onset or detection of Mycoplasma mastitis. The last limitation is
that the studied cows included only Holsteins, which consists of more
than 99 % of dairy cattle in Japan, and the results may not apply to
other breeds. However, the consistency between the results of the
present study and those of previous studies of Mycoplasma suggests that
the results can be generalized to a limited degree not only to the whole
Japan but also to other countries and other breeds.

5. Conclusions

This study identified herd- and cow-level risk factors associated
with an outbreak of Mycoplasma mastitis in Japan. The results of the
herd-level risk factor analysis highlighted the importance of proper
milking hygiene management in preventing Mycoplasma mastitis, such
as consciously wiping of teat openings before milking and use of paper
towels. The introduction of cattle, particularly from livestock markets,
could introduce Mycoplasma-infected cows onto farms. Tie-stall barns
for milking cows were also identified as a preventive factor, whereas
high milk yield was determined to be a risk factor. In addition, previous
diagnosis of acute mastitis without identification of the causal pathogen
was found to be a risk factor, and careful monitoring of cows that ap-
pear to have recovered from mastitis is recommended.
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