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General introduction



Livestock infectious diseases in Hokkaido, Japan

Livestock infectious diseases are critical problems for livestock farmers due to the
economic losses they cause. Farmers in Japan recently suffered from outbreaks of several
livestock diseases. There were two outbreaks of foot-and-mouth in 2000 [72] and 2010 [58].
The outbreak of classical swine fever started from September 2018 [67] and the last farm case
was reported in March 2020 as of June 2020. Highly pathogenic avian influenza was
confirmed in Japan in 2004 [60] and outbreaks in poultry farms have been was confirmed in
almost every winter since then. These diseases are in the list of monitored infectious diseases
and national disease control programs with compensation at culling for the control are in
place. However, diseases with milder symptoms are relatively neglected and there are no such
national financial supports even a disease is in the list of notifiable diseases. Thus, to control
such non-highly pathogenic diseases, livestock workers must concentrate their resources to an
effective control method. Moreover, such endemic diseases are bearing huge economic losses
every day, and development of tools facilitating voluntary disease control would stabilize
livestock production greatly.

Hokkaido was the largest dairy area in Japan. In Hokkaido, 60.1% of dairy cows in the
country are kept and 54.4% of milk is produced [47, 50]. Economic impact of Hokkaido in
Japanese dairy industry is also high: the amount of production from dairy cattle including its
milk was 502.6 billion yen in 2018 and it consists 53.8% of the national total amount [48].
Thus, disease in dairy cattle is the major concern in the livestock industry in Hokkaido. While
Japan or Hokkaido does not offer official financial aid to control infectious diseases which is
not monitored, local agricultural cooperatives and Self Prevention Promotion Associations at

municipal levels provide financial aids to test or vaccinate several livestock diseases.

Epidemiology

Epidemiology is defined as the study of disease in populations and of factors that determine



its occurrence [77]. Causal inference is a basic part of epidemiology because the discipline is
based on the idea that “causes” (exposures) and “outcomes” (health events) are part of a
complex web of relationships [8]. Though epidemiological studies rarely include laboratory
experiments, knowledge from laboratory studies is necessary to conduct an epidemiological
study to list factors in causation. Thus, epidemiology can connect results of laboratory works
of a health issue to measure effects of potential causes on an outcome in a population. There
are four types of epidemiological investigations: descriptive, analytical, theoretical and
experimental epidemiology [77]. In this thesis, two infectious diseases of dairy cattle were
investigated; one is by descriptive and analytical way and the other is by theoretical way.

A causal web is a way of conceptualizing how multiple factors combine to cause disease [8].
A causal-web diagram guides analysis and interpretation of data. In Chapter 1, causal webs
were used to make a hypothesis and interpret the result.

Mathematical modelling is an approach which attempts to explain and predict patterns of
disease occurrence and what is likely to happen if various alternative control strategies are
adopted [77]. Models are classified into deterministic ones which fix the values of input
parameters and stochastic ones which describe processes or events subject to random

variation [77]. In Chapter 2, an individual-based stochastic model was constructed.

Thesis layout

In Chapter 1, herd-level and cow-level risk factors of Mycoplasma mastitis of an outbreak
was analyzed by applying causal inference and univariable and multivariable analyses.
Mycoplasma mastitis of cows is caused by bacteria in Mycoplasma spp. and refractory to
antibiotic therapy. Economic loss is caused by the disease due to decreased milk production
and decreased milk quality by increased somatic cell counts. There was an outbreak of
Mycoplasma mastitis in Nemuro, Hokkaido, Japan from 2014 to 2015. Risk factors associated

with the outbreak were investigated by drawing a causal diagram and using univariable and



multivariable analyses.

In Chapter 2, an individual-based simulation model of spread of bovine leukemia virus
(BLV) in a dairy herd was constructed. An individual-based model was a type of a model
simulating an infectious disease. In the model, individuals are put into various groups by age,
geographic location and so on, and then transmission between individuals is modeled as
random events according to predefined random rules [6]. In the study, an individual-based
model of BLV spread in a dairy farm was confirmed, parameters were estimated and change
of prevalence was estimated using data from actual dairy herds.

In the general discussion, results of the previous chapters and further prospects are
discussed. This thesis investigated risk factors by causal inference in Chapter 1 and made a
simulation model in Chapter 2. Importance of the two epidemiological methods and potential

of integrating these methods were discussed.



Chapter 1. A case-control study of herd- and cow-level risk factors
associated with an outbreak of Mycoplasma mastitis in Nemuro, Japan
1.1 Introduction

Bovine mastitis caused by Mycoplasma spp. is a highly contagious disease and a major
problem in the global dairy industry [59]. The economic impact of Mycoplasma mastitis is
high because 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 mastitis, with Mycoplasma bovis being the most important
[17]. In addition to mastitis, Mycoplasma spp. also cause a variety of other diseases, including
pneumonia, otitis media, and arthritis [42].

The primary route of Mycoplasma infection is udder-to-udder spread by milking equipment,
hands, or teat dipping [41]. Calves can be infected by ingestion of contaminated colostrum or
waste milk and through aerosols [13, 42]. Intra-uterine or intra-mammary transmission of
Mycoplasma from a dam to a calf has also been reported [15, 65]. Contaminated semen is also
a route of Mycoplasma infection [19]. Several risk factors for Mycoplasma mastitis have been
reported as well. Commonly identified risk factors include large herd size and introduction of
cattle [17]. 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 [14]. In
addition, a higher frequency of Mycoplasma infection in winter has been reported [41].

Hokkaido is the largest dairy production area in Japan, producing more than half of the cow
milk in the country [49]. 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 prevalence of 3.8% in the Tokachi area of Hokkaido [49, 76]. An
increase in the occurrence of Mycoplasma mastitis cases was noted from 2014 to 2015 in the
Nemuro area (the eastern part of Hokkaido) by the Nemuro Mycoplasma 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 agriculture extension office, and the prefectural livestock research
institute. Three to six times per year, the committee conducts PCR-based bulk tank milk
screening tests [23] 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 the Nemuro area.

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.



1.2 Materials and methods
1.2.1 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 facilitates 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 (Figure 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 typically 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 with at least one cow diagnosed with Mycoplasma mastitis during the regular bulk
milk screening test followed by a PCR test or with a clinical 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 category 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 movement 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 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 clinical records of the AMAA, causal pathogens of mastitis are not recorded. Moreover,
although AMAA veterinarians send samples to the company for Mycoplasma infection
diagnosis for pneumonia, arthritis, and otitis media cases as well, the history of the diagnosed
cows is not recorded in the diagnostic results returned by the company. Therefore, the
Mycoplasma mastitis cows were defined as cows at case farms listed as Mycoplasma positive
in the records returned by the private company, confirmed as lactating based on FACN
records at the time of the tests, and without AMAA clinical records of pneumonia, arthritis, or

otitis media in the 2 months before the tests. 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 production, reproduction, and
disease history factors using digitized records 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. [62].
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Figure 1. Putative causal web showing hypotheses of the study regarding the relationship
between Mycoplasma mastitis and poor hygiene management, use of communal ranches, high

milk production, and previous Mycoplasma infection.
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1.2.2 Questionnaire surveys

Two questionnaire surveys were conducted for the farm-level analysis. The first
questionnaire focused on hygiene management and introduction of infected cows and
collected information relating to the farm, introduction and use of communal ranches for
heifers, and hygiene management during the period between April 2014 and July 2015 (Table
1). The designed questionnaire was reviewed by a veterinary epidemiologist and the academic
committee of the AMAA and pretested among a few 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 staff members of Japan Agricultural
Cooperatives. The questionnaire was explained to staff members 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 questionnaire, 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.
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Table 1. List of collected data and associated content

Category

Content

Herd-level analysis

Questionnaires
Farm information

Experience with
Mycoplasma
infection

Knowledge about

Mycoplasma

Disease prevention

Milking hygiene

Calf handling

Communal pastures

Introduction

Type of farm (2); number of workers; year the farm was opened;
year the farm owner started milking; number of cows (5)
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

Have ever heard the name; know that Mycoplasma causes diseases
in calves; know that Mycoplasma can be transmitted from a dam
to a calf by human hands; considered the possibility of
Mycoplasma infection in a case of clinical mastitis when no
Mycoplasma was isolated

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)

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

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)

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

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

12



Table 1. (continued)

Category Content

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 Remember the condition of hygiene management in the winter;
management in change in frequency of ventilation in the winter (4); change in
winter of 2015 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 Milk yield (4); adjusted milk yield (2); expected milk yield for the

records 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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1.2.3 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.

1.2.4 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 records.

Based on the expert opinions of the authors, infection of udders with Mycoplasma was
assumed to have occurred 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 involving 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 reproduction 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.

14



1.2.5 Statistical analysis
1.2.5.1 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 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 [74].

1.2.5.2 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
contradictory, answers for pre-outbreak were used for the analyses; otherwise, answers in the
first survey were used. Variables were excluded 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 communal ranches). Categorical
questions allowing multiple responses were treated as binomial variables for each choice.
New categories were created when more than four farms provided the same content in
answers 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
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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 exhibiting 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 error structure and a logit link
function, 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
selected by both-side stepwise regression according to Akaike’s information 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 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.
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Categorical variables were examined using Fisher’s exact test when more than 20% of a
contingency table had an expected value of less than five; otherwise, the variables were
examined using the Pearson’s chi-squared test. For binomial variables, the OR and 95% CI
were calculated. Numerical variables were examined using the Wilcoxon rank sum test.
Unconditional tests, not conditional ones, were used to screen the variables with an
assumption that variables related with the outcome should have a p-value <0.2 even by
unconditional tests.

Cow-level multivariable analyses were conducted for variables exhibiting a p-value of less
than 0.2 in the univariable analyses. 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. Conditional logistic regression with binomial error structure and a logit link
function was conducted using these variables as explanatory variables, tuples of an infected
cow and non-infected cows as strata, and Mycoplasma infection status as the response
variable only for cows with complete information regarding the variables. Variables with a
very large standard error were removed from the resulting model.

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 [69]. In addition to those mentioned above, the following R
packages were used in the study: dplyr [89], glue [22], foreign [68], lubridate [18], readr [88],
readxl [87], and stringr [86] for data handling; DiagrammeR [24], ggplot2 [85], and ggpubr

[28] to create graphs; broom [71] and ved [44] for general statistical analyses.

1.2.6 Ethical approval

This study was conducted at the request of the NMMCC, and ethical concerns regarding
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access to production and veterinary clinical information 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 information assets associated with the collaborative research on the
investigation 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 provided signed consent.
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1.3 Results
1.3.1 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 movement records of the
remaining 3 non-infected farms could not be obtained.

For the cow-level analysis, 18 infected farms agreed to the use of their cow records in the
study. After matching infected and non-infected 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 occurred (3 farms), and an infected cow being in a

dry period 2 months before the infection occurred (1 farm).

1.3.2 Descriptive epidemiology

The mean and median number of infected cows per infected farm were 5.9 and 3.5,
respectively (n = 28 farms). Figure 2 shows the temporal 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
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relationship between Mycoplasma occurrence and snowfall (Spearman’s rank correlation

coefficient: 0.214, p = 0.214).
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Figure 2. Isolated Mycoplasma species and the amount of snowfall during the outbreak.
y-axes represent the number of farms at which Mycoplasma mastitis 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).
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1.3.3 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. In 25 infected farms which answered the second survey and 20
questions for which answer columns were divided to pre- and post-outbreak situation, 8 farms
answered differently between pre- and post-outbreak for at least one question (min: 1,
median: 2.5, max: 6) and 10 questions were answered differently by at least one farm. The
most different questions were “actively call veterinarians when an abnormality was found by
PL test” and “disinfect milking equipment before milk a next cow” to which five farms
answered differently pre- and post-outbreak.

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 multivariable 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).
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Table 2. Herd-level univariable risk factor analysis results for Mycoplasma mastitis

occurrence (p <0.05)

Non- .
Variable In?;,/i:)‘;ed infgcted %d ;Zractll)o Vaﬁue
(%)
1. Questionnaires
Mean number of cows
Milking cows 90.0 68.5 0.036
(n=37) (n=70)
Calves 20.0 10.0 0.031
(n=137) (n=70)
Housing for milking cows
Tie stall 12/37 46/70 0.3 0.002
(32.4%) (65.7%)  (0.1-0.6)
Free stall 24/37 27/70 2.9 0.017
(64.9%) (38.6%)  (1.3-6.7)
Free barn 1/37 0/70 5.8 0.346
(2.7%) (0.0%) (0.2—
145.8)
Rangeland 2/37 5/70 0.7 1.000
(5.4%) (7.1%)  (0.1-4.0)
Mycoplasma infection in milking
Consciously wipe teat openings before 30/37 67/70 0.2 0.030
milking (81.1%) (95.7%)  (0.0-0.8)
Disinfect milking equipment before milk 16/37 6/70 8.1 0.000
the next cow (43.2%) (8.6%)  (2.8-23.5)
Mycoplasma transmission from calves to a
cow
Know that Mycoplasma transmits from a 30/37 37/67 3.5 0.015
calf to a mother cow by human hands (81.1%) (55.2%) (1.3-9.0)
Use machinery ventilation in the calf barn 14/32 12/62 3.2 0.024
(43.8%) (19.4%)  (1.3-8.3)
Timing when a calf is separated from its
mother cow after a delivery
Immediately after the delivery 16/23 17/47 4.0 0.018
(69.6%) (36.2%) (1.4-11.7)
When realized the delivery finished 8/23 28/47 0.4 0.090
(34.8%) (59.6%)  (0.1-1.0)
Keep them together for a while 1/23 4/47 0.5 1.000
(4.3%) (8.5%)  (0.1-4.6)
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Table 2. (continued)

Non- .
Variable In?;,/i:)‘;ed infgcted (()9d ;Zractll)o Vaﬁue
(%)
Introduction of Mycoplasma to a farm
Occurrence of Mycoplasma mastitis within 4/28 0/55 20.4 0.011
two years in group farms (14.3%) (0.0%) (1.1-
393.5)
Use communal pastures 0.034
Using more than several years 8/37 32/69
(21.6%) (46.4%)
Started to use in this year 2/37 1/69
(5.4%) (1.4%)
Have been used before 2/37 5/69
(5.4%) (7.2%)
Never used 25/37 31/69
(67.6%) (44.9%)
Raised awareness by the occurrence of
Mycoplasma mastitis
Changed hygiene management after 17/37 14/66 3.2 0.016
Mycoplasma mastitis in the farm or in the (45.9%) (21.2%) (1.3-7.6)
neighborhood
Considered the possibility of Mycoplasma 28/37 35/67 2.8 0.033
infection in a case of clinical mastitis with (75.7%) (52.2%) (1.2-6.9)
no bacteria isolated
Conduct mastitis test for Mycoplasma after 5/37 1/69 10.6 0.019
the first calving of a home-bred heifer (13.5%) (1.4%) (1.2-94.7)
2. Movement record
The proportion of moved cows from their 3.7% 25.5% 0.031
home farms (n=137) (n=67)
The proportion of cows which have been sent 1.2% 10.8% 0.006
to communal pastures (n=137) (n=67)
Mean number of movements for all cows 0.4 0.8 0.020
(n=137) (n=67)

CI: confidence interval
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Table 3. Final herd-level multivariable models for the risk factors for Mycoplasma mastitis

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.
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1.3.4 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—unidentified 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. Figure 3 A and B summarizes
the postulated causality of Mycoplasma mastitis inferred at the herd and cow levels,

respectively, for the discussion hereafter.
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Table 4. Cow-level univariable risk factor analysis results for Mycoplasma mastitis

occurrence (p <0.05)

Infected Non-infected Odds ratio

Variable (%) (%) (95% CI) p-value

Movement record

Have ever been at livestock markets 5/35 3/95 8.9 0.019
(14.3%) (3.2%) (1.0-78.3)

Dairy herd test record

Milk yield at the test day (kg) 34.0 30.2 0.015
(n=42) (n=107)

Clinical record

History of causal pathogen unidentified 13/42 15/107 2.8 0.033
acute mastitis (31.0%) (14.0%) (1.1-7.4)

CI: confidence interval
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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
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1.4 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 Figure 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 (Figure 3B). Cattle
introduction is a well-known risk factor for Mycoplasma infection [14]. 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 [57]. Interpreting the results related to cattle
introduction in the present study was somewhat complicated, however. The dataset consisting
of questionnaire 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
remain risk factors. One possible explanation is low test sensitivity due to the small sample
size. In addition, although the p-values were 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
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cattle introduction.

Cows cannot freely move around within a tie stall barn (Figure 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 [57] also reported a higher prevalence of M. bovis in Tokachi, Hokkaido, in herds
kept in loose housing than in herds held in tie-stall housing. In addition, Vahanikkila, et al.
[79] 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 for Mycoplasma mastitis. Raaperi, et al. [70]
reported an association between higher prevalence 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 (Figure 3A). There is a general consensus that proper milking hygiene practices are
critical for controlling the spread of Mycoplasma mastitis [17].

Cows with higher peak milk volume at 2 months before the laboratory testing day had a
higher risk of Mycoplasma mastitis (Figure 3B). Several herd-level studies have also reported
higher milk production at Mycoplasma-infected farms than non-infected farms [3, 11, 14].
Aebi, et al. [3] 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
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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 [42]. 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 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 observed in this study.
However, several studies [16, 26, 29] 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 apparent 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. Another limitation is ambiguity in case definition in cow-level analysis.
Because a list of Mycoplasma mastitis cows was not obtained, case cows were defined as
lactating cows that was diagnosed as Mcyoplasma positive and not diagnosed as pneumonia,
arthritis, or otitis media in the previous two months. Thus the cow-level results must be

carefully treated. The third limitation is that the studied cows included only Holsteins, which
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consists of more than 99% of dairy cattle in Japan. 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.
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1.5 Summary

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 questionnaire 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 (OR = 0.20, 95% 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.
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Chapter 2. Construction of a computational simulation model for the spread

of bovine leukemia virus in Japanese dairy herd
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2.1 Introduction

Enzootic bovine leukosis (EBL) is a disease of cattle caused by bovine leukemia virus
(BLV) [45]. BLV is a member of the genus Deltaretrovirus in the family Retroviridae. No
vaccine against BLV is available [90]. EBL is listed by the World Organization for Animal
Health as a disease of importance in international trade. In Japan, BLV-infected cows with
lymphosarcoma or their products cannot be sold for consumption. This is intended to ensure
that livestock products are obtained from healthy animals for consumers rather than to prevent
human infection with BLV[63].

BLYV infections are usually subclinical. Persistent lymphocytosis (PL) is observed in 30—
70% of infected cows, and 2-3% of infected cows develop malignant tumors
(Ilymphosarcomas). BLV preferentially infects B cells in the peripheral blood [51]. The
susceptibility of cows to BLV is determined in part by genetic factors, one of which is the
bovine major histocompatibility complex, or BoLA system. DRB2 alleles in BoLA genes are
closely related to the resistance and susceptibility of cows to BLV-induced PL [81].

Blood-sucking insects, primarily tabanid flies (7abanus spp.) and stable flies (Stomoxys
calcitrans), are considered the main vectors for BLV infection. In a nationwide survey in
Japan, Kobayashi, et al. [32] identified the presence of blood-sucking insects in summer as a
risk factor associated with higher within-herd seroprevalence. Other major transmission routes
of BLV include colostrum milk from infected dams [12], dehorning [37], use of contaminated
needles [9, 37], rectal palpation [33], and in utero infection [80].

The prevalence of BLV varies by country. In some countries, such as Australia, New
Zealand [83], and 18 countries of the EU, BLV has been eradicated, and these countries have
been granted BLV-free status by the OIE [2, 10, 61, 82]. In Japan, by contrast, 78% of dairy
farms and 69% of beef farms are infected with BLV [32]. In the US, the herd-level prevalence
of BLV is >90% [36]. In Argentina, the herd- and animal-level prevalence is 90.9% and

77.4%, respectively [66].
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In Japan, a BLV guideline was published by the Ministry of Agriculture, Forestry, and
Fisheries in 2015 [46]. However, no official BLV control program was instituted, and no
financial aid was provided to farmers. Thus, to control BLV at the farm level, it is important
for farmers to determine the appropriate countermeasures based on their available resources.
The objective of the present study was to construct a computational simulation model of BLV
spread in a dairy herd which can be a supportive tool for veterinarians and farmers in

well-informed decision-making process in choosing a BLV-control strategy.
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2.2 Materials and methods
2.2.1Data and farms

Data from four dairy farms in Hokkaido, Japan, were used in the study. BLV testing was
administered to all cows (farms A, C, and D) or to pregnant heifers and delivered cows (farm
B) at the farms once or twice each year for 3 to 8 years (Table 6). Samples of cow blood were
collected, tested using nested-PCR, BLV-CoCoMo-qPCR, and/or ELISA, and peripheral
blood lymphocytes were counted. The European Community’s leukosis key was used to judge
whether an infected cow had PL. The following data from the first test day were used as the
cow data, as described later: cow ID, birth date, sex, stage, infection status, and area where
the cow was kept.

The four farms were located in the middle to eastern part of Hokkaido. Farms B and C used
communal pastures; farm B sent all their calves to a communal pasture, and farm C
occasionally used a communal pasture. Regarding BLV countermeasures, personnel at all four
farms changed rectal palpation gloves every time, did not feed raw colostrum milk to newborn

calves, and controlled insects. Farms A and B actively culled BLV-infected cows.
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Table 6. Farm information

Farm A Farm B Farm C Farm D
BLYV test
Period Spring 2012- Autumn 2012- Spr@ng 2013- Spring 2017-
Autumn 2019 Autumn 2019 Spring 2019 Autumn 2019
Test frequency (times/year) 1-2 1-2 1-2 2
Target All cows Pregnant heifers and All cows All cows
delivered cows
Number of conducted tests 12 11 13 6
174
Herd size 138 (pregnant heifers+ 263 95
delivered cows)
Barns
Calf Calf house Hatch Hatch Pen
Heifer Tie-stall, free-stall Communal pasture Free-stall, Rapgeland
communal pasture (with dry cows)
Milking cow Free-stall Free-stall Tie-stall, free-stall Tie-stall
Dry cow Free-stall Free-stall Free-stall ijﬁﬁeﬁzliﬁ rs)

BLYV countermeasures

Change rectal palpation
gloves every time

Feed pasteurized
colostrum

Control insects

Cull infected cows

Change rectal palpation
gloves every time

Feed pasteurized
colostrum

Control insects

Cull infected cows

Change rectal palpation

gloves every time
Feed pasteurized

colostrum
Control insects

Do not cull infected

cows actively

Change rectal palpation
gloves every time

Feed artificial
colostrum

Control insects

Do not cull infected
cows actively




2.2.2Model structure

The model was individual-based, which simulates monthly changes in the status of each
cow. The model inputs consisted of farm-specific simulation settings and input data (Tables 7
and 8). Farm-specific simulation settings included simulation length and information
regarding BLV countermeasures conducted at each farm. Input data were composed of three
parts: cow data, area data, and movement data. Cow data included information pertaining to
each cow, such as ID, age, sex, and infection status. Area data included information regarding
different areas of the farm. Movement data included information regarding when a cow was
moved to a different area on the farm. Not all of the variables were necessary in the input
data; missing variables were estimated based on other variables. The model calculates
monthly changes in the variables listed in Table 9. Figure 4 shows the framework of the
model illustrating BLV transmission routes and change of cow and insect infection status
considered in the model. The main body of the model consisted of 11 parts (Figure 5): (1)
increase month index in a simulation by one; (2) increase age by one; (3) calculate the number
of artificial inseminations (Als) to be conducted, their success and failure, and infections due
to Al; (4) change in cow stage (calf/heifer/milking/dry); (5) check which infected cows are
detected; (6) add newborn calves and calculate vertical infection and infection via colostrum
milk; (7) calculate changes in infection status of infected cows; (8) assign chambers to cows
that are roaming in a tie-stall; (9) identify which cows are dead, slaughtered, or culled; (10)
move cows meeting the condition to different areas; and (11) remove dead, slaughtered, or
culled cows from the herd. Chances of infection considered in the model are listed in Table
10.

The model output was one table for each simulation, which includes the calculated cow
status for each month. From the output, the change in monthly prevalence and monthly
number of cows infected via each respective infection route can be calculated and visualized

as a graph.
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The simulation model was constructed using R software, version 3.6.3 [69]. The model was
compiled as a package and released on GitHub, where it can be downloaded freely

(https://github.com/fmsan51/blvibmjp).
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Table 7. Simulation-specific simulation parameters and their default values

Parameter

Value Possible values

Simulation length (months)
Number of simulations
Proportion of female cows
among newborn calves
Proportion of female calves to
be replacements

Proportion of slaughter in
cause of death (slaughter/
slaughter + death at farm)
Probability of detecting a cow
in heat

Calving interval (days)

Age of the first delivery
(months)

Open period (days)

Milking period (days)

Age at the first service (days)
Probability of infection at a
communal pasture

Capacity of herd

Conduct insect control?

Change gloves for rectal
palpation every time?

Feed raw colostrum milk to a
newborn calf?

Cull infected cows?

Cull one infected cow for
every nth non-replacement
female calves

BLV test frequency
(times/year)

BLV testing method

60 -
1 -

Table 6

Between 0.9 and
1.1 times the -
initial herd size
Yes (insects decrease to 50%)/No/

No Proportion to which insects decrease
Yes Yes/No
No Yes/No
All infected cows/
No PL or EBL cows only/

No

0 -
Immunodiffusion test/
ELISA/
Passive hemagglutination reaction test/
No default value Neosted PCR/

Real-time PCR/
Sensitivity and specificity of a test
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Table 8. Input of the model

Variable Whether a variable is necessary
Cow data
Cow ID No
Age Either one of age and birth date
Birth date 1S necessary
Sex No
Whether a cow is a replacement or not No
Stage (Calf/Heifer/Milking cow/Dry cow) No
Parity No
Date of last delivery No
Date a cow got pregnant (if a cow is pregnant) No
Date a cow was dried No
(if a cow is in a dry period)
Whether a cow needs pregnancy checking No
Number of Als conducted after the last delivery No
Infection status No
(Non-infected/Asymptomatic/PL/EBL)
Date a cow was infected No
(if a cow is asymptomatic or with PL or EBL)
Date of onset of PL No
(if a cow is with PL or EBL)
Date of onset of EBL (if a cow is with EBL) No
Name of area where a cow was kept No
Months in which a cow was kept in the current No
area
Location of chamber where a cow was kept No
(if a cow is kept in a tie-stall barn)
Whether a cow is isolated or not No
(if a cow is kept in a tie-stall barn)
Area data
Name Yes
Type (Hatch/Free-stall/Outside/Tie-stall/ Yes

Communal pasture)
Necessary when type of a barn

Capacity is hatch or tie-stall
Movement data

Name of the current area Yes

Condition in which a cow moves to the next Yes

area

Next area to which a cow will move Yes

Priority of next area if there was more than one No

next area
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Table 9. Cow status calculated in the model

Variable

Cow profile
Cow ID
Age
Birth date
Sex
Stage (Calf/Heifer/Milking cow/Dry cow)
Infection
Infection status (Non-infected/Asymptomatic/PL/EBL)
Date a cow was infected (if a cow is asymptomatic or with PL or EBL)
Date of onset of PL (if a cow is with PL or EBL)
Date of onset of EBL (if a cow is with EBL)
Whether an infected cow is detected
Expected date of onset of PL (if a cow is asymptomatic)
Expected date of onset of EBL (if a cow is asymptomatic or with PL)
Cause of infection (if a cow is infected)
Genetic susceptibility which determines whether a cow will show PL if a cow gets infected
Genetic susceptibility which determines if a cow will show EBL if a cow gets PL
Reproduction
Whether a cow is a replacement or not
Parity
Date of the last delivery
Date a cow got pregnant (if a cow is pregnant)
Date a cow was dried (if a cow is in a dry period)
Whether a cow needs pregnancy checking
Number of Als conducted after the last delivery
Day of the next heat
Day of the last detected heat
Longevity
Date of removal (if a cow is dead or slaughtered)
Expected date of removal (if a cow is alive)
Cause of removal
Whether a cow is still alive
Area
Name of area where a cow was kept
Months in which a cow was kept in the current area
Location of chamber where cow was kept (if a cow is kept in a tie-stall barn)
Whether a cow was isolated or not (if a cow is kept in a tie-stall barn)
Other
Index month in simulation (from 0 [before a simulation starts] to simulation length)
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Figure 4. BLV transmission routes and change of infection status of cows and insects
considered in the model. The rectangles indicate BLV transmission routes. The squares
indicate status of cows and insects. The arrows connecting squares indicate change of
infection status and allows connecting squares and allows indicates effect of infected animals
in change of infection status. The arrows entering or leaving a square indicate increase or

decrease of animals of that status.
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Setting up an initial herd
Input variables: Table 8
Calculated variables: Table 9

}

(1) Increase month index <4

v

(2) Increase age

v

(3) Calculate rectal palpations
- To which cows Als, a pregnancy test,
or a health check after a delivery are conducted
- The number of Als
- Success/failure of Als
- Infection by rectal palpation

v

(4) Change in cow stage

v

(5) Check which infected cows are detected

v

(6) Add newborn calves
- Calculation of status of newborn calves
- Vertical infections
- Infection via colostrum milk

v

(7) Change in infection status
- Infection by insects

(8) Assign chambers to cows that are roaming in a tie-stall

v

(9) Identify which cows are removed
- Removal by death or slaughtering
- Removal by culling infected cows
- Removal by selling

v

(10) Move cows to different arcas
- Detection of cows meeting conditions
- Movement of cows to different areas
- Infection at a communal pasture

v

(11) Remove dead, slaughtered, or culled cows

X Simulation length (month)

Figure 5. Structure of the constructed simulation model.
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Table 10. Infection events, timing, and causes

Infection events Timing Cause
Vertical infection When a calf is born Vertical
Infection via colostrum milk from an infected dam  When a calf is born Colostrum milk
Infection via contaminated rectal palpation gloves ~ When Al is conducted Rectal palpation

Infection in a communal pasture
Infection in a barn

When a cow comes back from a communal pasture
When a cow is kept in the same area with an infected cow

Communal pasture
Insects




2.2.3 Parameterization

Default parameters used in the model were derived from reports in Japan as far as possible
(Table 11). Several parameters in the model were re-estimated by sensitivity analysis as
described later. The period from infection to onset of PL was represented as a period until an
infected cow develops EBL, because no detailed studies of the period from infection to onset
of PL were found. However, a study of the period from infection to onset of EBL [78] had a
high level of evidence based on a nationwide survey in Japan. The period between when a
cow develops EBL that is not found by a farmer then dies on the farm was assumed to be 2
months based on a general consensus that a cow with lymphosarcoma dies weeks or months
after clinical onset [90]. The probability of infection at a communal pasture was randomly
drawn from a uniform distribution from 0 to 1 in each run of the model because reported
probabilities of seroconversion in communal pastures are highly variable, ranging from 0% to
97.4% [30, 34, 75, 84, 91]. Parameters related to reproduction, such as the probability of
detecting a cow in heat or the age of first service, were calculated based on annual reports of
dairy testing by the Livestock Improvement Association of Japan [39]. Parameters were
randomly drawn from uniform distributions for which the lower and upper limits were equal
to the minimum and maximum values of data for Hokkaido obtained from annual reports
from 2011 to 2015. Parameters related to death and slaughter were calculated based on
reported deaths of female Holsteins in Hokkaido. The age of death at the farm was
represented by a mixed exponential and gamma distribution, and age of slaughter was
represented by a gamma distribution. Parameters for the distributions were estimated using
the number of deaths and slaughters of female Holstein cows at each month in age in
Hokkaido each year from 2011 to 2015. The parameters used in a simulation were randomly

drawn from uniform distributions, as previously described.
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Table 11. List of parameters used in the model and their default values

Parameters Default value Source
Probability that an infected cow develops PL 0.3 [90]
Probability that an infected cow develops EBL 0.014 [78]
Months until an infected cow develops EBL Weibull(3.3, 7.8) [78]
Proportion of period from infection to onset of PL within period 0.3 Authors'
from infection to onset of EBL assumption
Probability that an EBL cow will be detected Normal(0.397, 0.02) [78]
Months until an EBL cow dies on a farm 2 Authors'
assumption
Test sensitivity and specificity
Immunodiffusion test Sensitivity: 0.981, Specificity: 0.967 [54]
ELISA [Sensitivity: Normal(0.994, 0.005), [56]
Specificity: Normal(0.985, 0.010);
Normal(0.994, 0.005), Normal(0.984, 0.010);
Normal(0.976, 0.011), Normal(0.970, 0.018);
Normal(0.893, 0.018), Normal(0.849, 0.033)]
Passive hemagglutination reaction test [Sensitivity: 1.000, Specificity: 0.385; [1, 7]
0.909, 0.984]
Nested PCR [Sensitivity: Normal(0.928, 0.014), [56]
Specificity: Normal(0.767, 0.034);
Normal(0.929, 0.015), Normal(0.770, 0.036);
Normal(0.916, 0.017), Normal(0.755, 0.039)]
Real-time PCR [Sensitivity: 0.800, Specificity: 1.000; [21, 53, 73]
0.933, 1.000;
1.000, 1.000]
Risk of infection by a stable fly compared with a tabanid 0.038 Calculated

from [5]
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Table 11. (continued)

Parameters Default value Source
Hazard ratio of having an infected neighbor cow in a tie-stall Exponential(Normal(2.52, 0.73)) [31]
barn
Relative risk of infection at a free-stall barn compared with a Normal(1.19, 0.097) [31]
tie-stall barn
Probability of infection via a contaminated glove for rectal 1-(1-Beta(3, 1))** Calculated
palpation from [33]
Probability of vertical infection
From an asymptomatic dam 0.095 [43]
From a PL or EBL dam 0.483
Probability of infection via contaminated colostrum milk 0.059 [27]
Probability of infection at a communal pasture Uniform(0, 1)
Probability of detecting a cow in heat Uniform(0.59, 0.60) Calculated
from [39]
Heat cycle (days)
Heifer Normal(20.5, 1.0) [40]
Delivered cow Normal(20.7, 1.1)
Age at the first service (days) Uniform(427, 435) Calculated
from [39]
Period from delivery to the first service (days) Uniform(88, 89) Calculated
from [39]
Probability of success of the first service after a delivery Uniform(0.32, 0.35) Calculated
from [39]
Average number of Als conducted Uniform(2.3, 2.4) Calculated

from [39]




Table 11. (continued)

Parameters Default value Source
Sex ratio
Male - Calculated
Female Uniform(0.483, 0.503) from [39]
Twins (male and female) -
Twins (male and male) Uniform(0.262, 0.278)
Twins (female and female) Uniform(0.255, 0.261)
Probability that newborns are twins Uniform(0.029, 0.032) Calculated
from [39]
Probability of stillbirth or abortion
Parity: 1 Uniform(0.0834, 0.0170) Calculated
Parity: 2 Uniform(0.0476, 0.0563) from [39]
o Parity: 3 Uniform(0.0487, 0.0572)
Parity: 4 Uniform(0.0526, 0.0604)
Parity: >5 Uniform(0.0582, 0.0620)
Proportion of female calves to be replacements
Number of delivered cows in a herd: <30 0.952 (4]
Number of delivered cows in a herd: <50 0.821
Number of delivered cows in a herd: <80 0.853
Number of delivered cows in a herd: <100 0.964
Number of delivered cows in a herd: >100 0.933
Calving interval (days) Uniform(427, 432) Calculated
Age at the first delivery (months) Uniform(24.8, 25.2) from [39]

Open period (days)
Milking period (days)

Uniform(154, 160)
Uniform(363, 366)
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Table 11. (continued)

Parameters Default value Source
Proportion of slaughter in cause of death Uniform(0.437, 0.448) Calculated
(slaughter/slaughter + death at farm) based on
Age of death at farm (months) axExponential(B) +(1-a)xGamma(y, ) reported death
(a=Uniform(0.172, 0.192); p=Uniform(0.559, 0.695); of female
y=Uniform(3.943, 4.118); §=Uniform(0.063, 0.066))  Holsteins in
Hokkaido

Age at slaughter (months)

Gamma(a, )
(0=Uniform(4.919, 5.208); p=Uniform(0.068, 0.073))

[]: One value from a list is selected in each simulation.



2.2.4 Monthly probability of insect transmission of BLV infection

The monthly probability of BLV infection transmitted by insects was calculated based on
the number of tabanid flies and stable flies counted in a test barn. Five sticky traps were
placed in the test barn of the Animal Research Center of Hokkaido Research Organization
from July to November in 2017. The traps were checked once every 6 to 8 days, and the
number of trapped tabanid flies and stable flies was determined. The number of tabanid files
and stable flies in month m (Nigpaniam and Ngegpiem) Was calculated from the data under
the assumptions that stable flies appear beginning May 1 and tabanid flies appear beginning
June 1. These assumptions were based on reports that tabanid flies appeared in mid-July at a
plain in Hokkaido [20], and flies appeared in early May in a dairy herd in Hokkaido [52].

The default value of relative infection risk by a stable fly (RRgqpie) compared with a
tabanid fly was 1/26, based on a report by Buxton, et al. [5] that BLV infection of sheep can
occur following exposure to the mouth parts of 25 stable flies or 1 horse fly. The probability
of BLV transmission by insects in month i (P;,,,) was calculated using the following equation:

Pinsi = (Nstabtei X RRstapte + Neapaniai X (1 = RRstapie)) X Cins »
where c;,s represents a coefficient modifying P;,, in the equation
21(1=Pypei) =1 -1 - (1 -2 xS,
where A is the probability of infection in a 6-month period (4/83), as derived from Tsutsui, et

al. [78], and S is the proportion of infections in summer and autumn in a year (13/14) [31].

2.2.5 Sensitivity analysis

A sensitivity analysis was conducted to determine the probability of infection at a
communal pasture and evaluate parameters related to transmission of infection by insects,
which is considered the major means of BLV infection in Japan. The probability of infection
at a communal pasture was calculated using data from farm B, which sent its all heifers to a

communal pasture. Parameters related to transmission of infection by insects were evaluated
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using data from all four farms, except for calculation of the hazard ratio of having an infected
cow in a neighboring tie-stall barn for farm B, which did not have a tie-stall barn. Table 12
shows the list of parameters evaluated in the sensitivity analysis and candidate values.

The model simulation was conducted 100 times for each candidate value for each parameter.
The simulation results were evaluated based on the x? value calculated using the following
formula:

(Im—Testm)”
2 _ VM m—lest,m
X° = Lm=1

2
Iest,m

where M denotes simulation length (Table 13); I, denotes the actual number of infected
cows in month m; and I, ,, denotes the number of infected cows estimated by the model in
month m. The [,, value for months in which testing was not conducted was estimated from
available biannual data using the spline() function in R.

For each candidate value of each parameter, the mean x? value for 100 simulations was
calculated for the four farms, and the value with the lowest mean y? value was selected. For
the parameter ‘insect pressure’, all four values were adopted. For the other parameters, the
most frequently selected value for each parameter was adopted. If the highest frequency was

shared by more than one value, the median of the values was adopted.
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Table 12. Parameters and candidate values for the sensitivity analysis

Parameter

Candidates

Probability of infection at a communal pasture

Risk of infection transmission by a stable fly compared with a tabanid
(RRtable, risk _stable)

Coefficient of the probability of infection via insects each month
(insect_pressure)

Relative risk of infection at a free-stall barn compared with a tie-stall barn
(free_pressure)

Hazard ratio of having an infected neighbor cow in a tie-stall barn
(hr_having infected neighbor)

0,0.2,04,0.6,0.8,1
0.096, 0.529, 0.746, 0.962, 3.121, 5.281, 9.6

0.1, 0.325,0.55,0.775, 1, 5.5, 10
0.119, 0.387, 0.654, 0.992, 1.19, 6.545, 11.9

1, 1.38,1.76, 2.14, 2.52, 13.86, 25.2




9¢

Table 13. Simulation parameters changed from default values

p Farm

arameter A B C D
Simulation length (months) 90 85 70 30
Probability of infection at a communal pasture - 0.2 0.2 -
Conduct insect control? Yes Yes Yes Yes
Cull infected cows? All infected cows  All infected cows No (default) No (default)
Cull one infected cow for every nth non-replacement female calves 4 4 - -
BLYV test frequency (times/year) 1 1 - -
BLYV testing method ELISA ELISA - -

-: The parameter was not used in the simulation.



2.2.6 Integrated simulation
Using the parameters optimized in the sensitivity analysis, 100 simulations were conducted

for each farm.

2.2.7 Test scenario comparison

Simulations were conducted with several scenarios using different BLV test sensitivities
(0.6/0.8/1) and test frequencies (once a year/twice a year/three times a year). Test specificity
was fixed as 1. The culling policy was to cull all infected cows (starting with PL cows and
then moving to asymptomatic infected cows), and the culling frequency (cull one infected
cow for every nth non-replacement female calves) was set as 1. Simulation length was 120
months. Other parameters used in the simulations were the same as those optimized in the

sensitivity analysis. The simulation was repeated 100 times for each farm.
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2.3 Results
2.3.1 Monthly probability of insect transmission of BLV infection

Table 14 shows the results of tabanid fly and stable fly counts in the test barn, and Table 15
shows the estimated number of insects in each month and probability of transmission of BLV

infection by insects.
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Table 14. Number of tabanid flies and stable flies counted among the test herd

Number of insects

Period Tabanid fly _ Stable fly
July 9-10 2

10-11 6 179
11-19 4 271
19-26 12 105
July 26-August 1 5 157
August 1-9 2 143
9-16 2 123
16-24 1 366
24-30 0 507
August 30-September 5 0 1189
September 5-13 0 3956
13-20 0 3168
20-27 0 364
September 27-October 4 0 894
October 4-11 0 1327
11-18 0 773
18-25 0 111
25-31 0 64
October 31-November 7 0 0
November 7-15 0 0
15-23 0 0
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Table 15. Estimated number of tabanid flies and stable flies and probability of infection

transmission by insects

Month Number of insects Infecti'o.n

Tabanid fly ~ Stable fly  probability
January 0 0 0
February 0 0 0
March 0 0 0
April 0 0 0
May 0 606 0.0028
June 23 1,740 0.0107
July 61 1,620 0.0146
August 8 1,151 0.0063
September 0 8,787 0.0406
October 0 3,026 0.0140
November 0 27 0.0001
December 0 0 0
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2.3.2 Sensitivity analysis

Figure 6 shows the results of the sensitivity analysis of the probability of infection at a
communal pasture. A probability of 0.2 was adopted with the lowest mean y? value.

Figures 7 and 8 show the results of the sensitivity analysis of four parameters: risk_stable,
free pressure, insect pressure, and hr having infected neighbor. The adopted values are
shown in Table 16. The adopted values for risk stable and free pressure were the same as the
original values. The adopted values for insect pressure and hr having infected neighbor

were lower than the original values.
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The number of infected cows
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Months
Figure 6. Results of the sensitivity analysis regarding the probability of infection at a
communal pasture. The x-axis indicates months in the simulation, and the y-axis indicates the

number of infected cows. Points indicate the actual number of infected cows. Gray lines

indicate individual simulation results, and black lines indicate the median of the results.
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Table 16. Results of parameter optimization in the sensitivity analysis

Selected Adopted

Parameter Farm .
candidate  value
Probability of infection at a communal pasture B 0.2
Coefficient of the probability of infection transmission by A 0.55 0.55
insects each month (insect_pressure) B 1 1
(default: 1) C 0325 0325
D 1 1
Risk of infection transmission by a stable fly compared witha A 0.962
tabanid (RRgple, risk_stable) B 0.962
(default: 0.962) C 0509 0962
D 0.746
Relative risk of infection at a free-stall barn compared with a A 0.654
tie-stall barn (free_pressure) B 1.19
(default: 1.19) C 0.119 1.19
D 1.19
Hazard ratio of having an infected neighbor cow in a tie-stall A 2.14
barn (hr_having_infected neighbor) C 1.76 2.14
(default: 2.52) D 252
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2.3.3 Integrated simulation
The number of infected cows estimated by the model with values optimized in the
sensitivity analysis and the actual number of infected cows are shown in Figure 9. The

number of cows infected via each infection route is shown in Figure 10.
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Figure 9. Simulation results with the optimized parameters. The x-axis indicates months in the
simulation, and the y-axis indicates the number of infected cows. Points indicate the actual

number of infected cows. Gray lines indicate individual simulation results, and black lines

indicate the median of the results.
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2.3.4 Scenario comparison

The results of simulations using different test sensitivities and test frequencies are shown in
Figure 11. Test sensitivities and test frequencies did not affect the period needed to eradicate
BLV in a herd. BLV was eradicated or nearly eradicated in 10 years in all the farms except for

farm B.
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Figure 11. Simulation results under different BLV test strategies. The x-axis indicates months in the simulation, and the y-axis indicates the
number of infected cows. Points indicate the actual number of infected cows. Gray lines indicate individual simulation results, and black

lines indicate the median of the results.



2.4 Discussion

An individual-based simulation model of BLV infection was constructed in this study. The
parameters were optimized using a sensitivity analysis. The number of infected cows was
estimated from data from four dairy farms and compared with the actual number of infected
cows. The constructed model was released on the Internet.

The estimated probability of infection transmission by insects had two peaks, in July and
September, and was zero from December to April (Table 15). This change in the probability of
infection was represented as a cyclical increase and decrease in infected cows in the
simulation results. It is well known that seroconversion increases in the summer in Japan,
when numbers of blood-sucking insects increase. In a study that traced seroconversion at
dairy farms, 13 or 14 observed seroconversions occurred between summer and autumn [31]

Figure 6 illustrates the probability of infection at a communal pasture on BLV prevalence
on a farm for farm B, which sends all of its calves to a communal pasture. The results suggest
that seroconversion at communal pasture impacts BLV prevalence on the farm. Sending
heifers to a communal pasture is a risk factor for BLV in Japan [31]. As described in the
Materials and Methods section, the reported probability of seroconversion varies widely, from
0% to nearly 100% [34, 75, 84]. Thus, reducing the frequency of seroconversion in a
communal pasture is considered an effective way to control BLV and can be easily achieved
with the help of the pasture owner and local officials. Ohkatsu, et al. [64] reported a case in
which they reduced the probability of seroconversion at a communal pasture used by 75% of
local farmers. The seroconversion rate was reduced from 51% in 2016 to 5.6% in 2017 with
the help of the owner (an agricultural cooperative) and workers, a Livestock Hygiene Service
Center, local veterinarians, a center of the Japan Agricultural Development and Extension
Association, and other cooperatives.

In parameter optimization in the sensitivity analysis, farm-specific values were selected for

insect_pressure, whereas other parameters were kept constant among the farms. This was
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because the effects of insect pressure and controlling insects cannot be separated. All of the
farms control insects, but there was no information available as to what extent insect
abundance decreased at each farm. The effect of controlling insects thus cannot be separated
from the effect of insect pressure, which is the coefficient of the probability of infection
transmission by insects. In addition, the intensity of efforts to control insects differs between
farms. Thus, farm-specific values were selected for insect pressure in the sensitivity analysis.

The optimized values for risk stable and free pressure were identical to the original values.
Although the adopted value for free pressure was 1.19, selected candidates of this parameter
for farms A and C were <1. This indicates the necessity for further investigation as to whether
keeping a cow in a free-stall barn is a risk factor for BLV infection.

Test sensitivities and test frequencies did not affect the period needed to eradicate BLV in a
herd. This was because that in all the scenarios the number of culled cows had reached to the
limit, which is a number of non-replacement females in newborns. Though BLV was
eradicated or nearly eradicated in farm A, C, and D, the number of infected cows reached a
plateau in Farm B, where the most infection was occurred in a communal pasture. This also
emphasizes the necessity of BLV control in communal pastures.

The model constructed in the study was individual based. Two simulation models of BLV
infection were previously reported. One is a compartmental model used to calculate the basic
reproduction number, Ry, which indicates the expected number of secondary cases per
primary case [6] and evaluate BLV control strategies in Argentina [55], and the other is used
to economically evaluate control strategies in Canada, which cannot be classified as a
compartment model or individual-based model, but assumes homogenous herds [35]. One
advantage of the individual-based model constructed in this study is that it better reflects the
real world. A compartmental model assumes a homogenous population, which is very unlikely
in a real herd. For example, it is known that bovine leukocyte antigen genes affect the

sensitivity of a cow to BLV [38]. Such genetic susceptibility cannot be taken into account in a
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compartmental model, whereas an individual-based model can account for genetic
susceptibility, as the model includes the variables “genetic susceptibility which determines
whether a cow shows PL if the cow gets infected” and “genetic susceptibility which
determines whether a cow shows EBL if the cow gets PL” (Table 9). The other advantage of
an individual-based model is that it is more useful for simulating infections on an actual farm.
Using the constructed model, a farmer can simulate the change in BLV prevalence using the
age and BLV infection status of the farm’s cows as input data.

The constructed model can also be used to calculate Ry. Ry can be used to evaluate the
effectiveness of strategies to control an infectious disease; Ry < 1 indicates that the number
of infected individuals in the population will decrease. BLV control strategies can be
evaluated by calculating R, values in simulations under different BLV control scenarios.

One of the limitations of the model is that infection via several routes was not considered;
gauge dehorning, infection via contaminated needles, and introduction of infected cows were
not considered in the current model. However, infection resulting from dehorning is
considered negligible in Japan, as no significant relationship was observed between dehorning
and BLV seroprevalence in a nationwide survey in Japan [32]. Infection via needles also
cannot be considered in the current model, as no appropriate reference for the parameter was
found. Introduction of infected cows was not considered because the farms rarely introduce
cows, and no appropriate reference values were found regarding the prevalence of BLV in
introduced cows. Another limitation is that parameters were optimized one by one in the
sensitivity analysis. Because the sensitivity analysis was conducted to select the best value
from candidates, values not included in the candidates were not selected. In addition, because
each parameter was optimized one by one, the results of optimizations when more than one
parameter is modified were not evaluated. A final limitation is that the effect of not changing
rectal palpation gloves at each procedure was not evaluated, as gloves are changed at each

procedure at all of the farms examined.
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This model should be useful in comparing the effects of several BLV disease control
options a-priori. The functions for such evaluations are ready in the model, and finding

effective and also economically favorable solutions is the way forward.
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2.5 Summary

In this study, an individual based simulation model of BLV was constructed. BLV is the
causative agent of EBL and about 80% of dairy farms and 70% of beef farms are infected
with BLV.

The model simulates monthly changes in status of each cow such as age, parity, and
infection status. The model input was composed farm-specific simulation settings (e.g. BLV
control measures conducted in a farm) and data composed of three parts: cow data, area data
and movement data. The model output was a table which includes the calculated cow status in
each month. Change of BLV prevalence in a herd and the number of infected cows by each
infection routes could be calculated from the output. Default parameters of the model were
derived from reports in Japan as far as possible. Parameters were optimized by sensitivity
analysis. Data from four dairy farms in Hokkaido, Japan was used for parameter estimation
and simulation. The constructed model was released on the Internet.

The simulated BLV prevalence showed cyclic increase and decrease reflecting change of
monthly probability of insect transmission of BLV infection calculated based on the number
of bloodsucking insects counted at a test herd.

Probability of seroconversion at a communal pasture largely affected the within-herd
prevalence in a farm which sent all their heifers to a communal pasture. This emphasized the
importance of BLV control in communal pastures. BLV test sensitivities and test frequencies
did not affect the period to eradicate BLV in a herd.

The constructed model should be a useful tool for veterinarians and farmers in

decision-making process in choosing a BLV-control strategy.
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General discussion
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Highlights of the thesis

In this thesis, two infectious diseases of dairy cattle: Mycoplasma mastitis and bovine
leukemia were epidemiologically investigated.

In Chapter 1, herd-level and cow-level risk factors associated with the outbreak of
Mycoplasma mastitis in Nemuro area was revealed. The study used a variety of data sets: two
questionnaire surveys, movement records, dairy herd test records, and clinical records. The
identified risk factors and preventive factors were in accordance with previous studies or
general consensus about Mycoplasma mastitis. Two of herd-level preventive factors,
consciously wiping of teat openings before milking and use of paper towels to wipe teats,
emphasized the importance of performing milking hygiene practice to prevent a disease. In
the study, variables to collect and analyze were determined based on the putative causal web.
This suggested the importance of drawing a causal web and this study demonstrated how to
identify risk factors among candidate variables. Because the causal web was drawn based on
previous studies and general consensus of the disease, it can be argued that identifying risk
factors of a disease using a causal web is a way to summarize results of studies of a disease.

In Chapter 2, an individual-based simulation model of BLV infection in a dairy herd was
constructed. The model was already released online and freely available. Parameters were
estimated by sensitivity analysis and the change of prevalence was simulated using data from
four dairy farms. The simulation result with the optimized parameters indicated that the model
predicted the change of BLV prevalence in the farms well. The estimated probability of
infection by insects reflected the number of insects counted at the test barn. The importance of
controlling BLV in communal pastures was suggested by comparison of simulation results
with different probability of seroconversion at a communal pasture. Difference in the values
of BLV test sensitivity and frequency did not affect the period to eradicate BLV, and actually
BLV was nearly eradicated in three farms except for one farm which send all their heifers to a

communal pasture. The model constructed can simulate change of BLV prevalence in a herd
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using a real farm data and compare different BLV control strategies a-priori.

Integration of the studies

The thesis composed of two studies: one is the risk factor analysis and another is the
modelling of an infectious disease. To construct the BLV model, many parameters were used
and the parameters were obtained from previous studies. In addition, transmission routes and
cow status calculated in the model were determined consulting previous studies. Building of
an infectious disease model needs results of experimental studies and studies of risk factors.
Experimental studies explore factors related with a disease. Risk factor analysis identifies
which factor is actually related with the disease and assesses size of the effect. In model
building process, events that should be considered and parameter values were determined by
consulting results of experimental studies and risk factor analysis. In the thesis, the risk factor
analysis, whose result can be used to build a simulation model of the disease, and the

modelling of an infectious disease were conducted.

Further perspectives of the simulation model

The constructed model can be used to compare different BLV control strategies. Because
the model output includes information about infection status, milking status, and whether a
cow is culled, slaughtered or sold, volume of production of a herd while a simulation can be
calculated from the output. Then cost-effective ness BLV control strategies can be calculated.
This helps not only farmers and local livestock workers, but also a government to decide
which BLV control strategy they choose and what kind of financial aid should be offered.

In scenario comparison of different culling frequencies and test sensitivities, test
sensitivities and test frequencies did not affect the period until eradication of BLV in herds.
However, because in the scenarios infected cows, which were adults in many cases, were

replaced with newborns, proportion of milking cows decreased in the simulated scenarios. In
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reality, it is likely that farmers introduce a pregnant heifer or a milking cow to replace an
infected cow. Additional comparison of scenarios are needed which uses an introduced cow as
a replacement of an infected cow instead of a calf and with different culling frequency.

The model can be improved by adding infection events neglected in the study and by
improving parameters that cannot be optimized. Several infection events, for example, gauge
dehorning and introduction of cows were neglected in the model. In addition, not all the
parameters related with control of BLV were optimized. Especially to optimize parameters
related with infection pressure by insects, probability of infection by rectal palpation by using
a contaminated glove, and probability of infection by feeding raw colostrum milk, data of a
farm which does not conduct BLV countermeasures is needed.

The model can be used to other infectious diseases than BLV infection. While the
parameters related with infection were specialized to BLV infection, the structure of the
model itself does not contain BLV-specific events. By changing parameters related with
infection such as a probability of infection by each infection route and adding events that were
not related with BLV infection, the model can be applied to other infectious disease. For
example, with result of risk factor analysis of Mycoplasma mastitis in Chapter 1 and studies

by others, a model of Mycoplasma mastitis in a dairy herd can be build.
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Supplementary Table S1. Descriptive statistics for variables examined in the study (mean, [n, missing, SD, median, min, max] or n/total

[proportion, missing])

Variable Infected Non-infected
Herd-level
Questionnaires
Farm information
Type of business
Family-run 30/37 (81.1%, 0) 58/70 (82.9%, 0)
Cooperative 7/37 (18.9%, 0) 12/70 (17.1%, 0)
Type of farming
Dairy only 34/36 (94.4%, 1) 62/66 (93.9%, 4)
Mixed 2/36 (5.6%, 1) 4/66 (6.1%, 4)
(If beef cows were kept,) keep beef cows in the same farm 2/2 (100.0%, 35) 3/3 (100.0%, 67)
The number of workers 411620()37, 0,2.7, 3.0, 2.0, ;:S)UO, 0,1.3,3.0, 1.0,

1956.0 (36, 1, 21.7,
1956.0, 1920.0, 2014.0)
1987.6 (37, 0, 14.0,
1990.0, 1960.0, 2014.0)

The year the farm was opened

The year the farm owner started farming

The number of cows
109.8 (37, 0, 78.0, 90.0,

Milking cows 20.0, 414.0)

15.3 (37, 0, 10.6, 14.0, 0.0,
Dry cows 56.0)
Heifers 66.8 (37, 0, 56.8, 60.0, 6.0,

330.0)

1953.6 (65, 5, 19.4,
1950.0, 1924.0, 2007.0)
1989.4 (68, 2, 13.6,
1990.0, 1943.0, 2014.0)

83.6 (70, 0, 45.7, 68.5,
20.0, 228.0)

13.6 (70, 0, 8.3, 10.0, 2.0,
40.0)

53.3 (70, 0, 47.8, 40.0, 0.0,
250.0)
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Variable Infected Non-infected
Calves 20.8 (37,0, 15.6,20.0, 0.0, 15.3(70,0,15.0,10.0, 0.0,
60.0) 100.0)
Total 212.6 (37,0, 149.4, 185.0, 165.8 (70,0, 104.1, 126.5,
31.0, 860.0) 37.0, 525.0)

Experience of Mycoplasma infection
5.9(28,9,5.9,3.5,1.0,

The number of cows infected by Mycoplasma in the outbreak 27.0) -(0,70,-,-,-,-)
Have experienced Mycoplasma mastitis within two years in group farms 4/28 (14.3%, 9) 0/55 (0.0%, 15)
(If yes,) the number of cows infected 3?))(3’ 34,3.2,20, 1.0, -(0,70,-,-,-,-)
ﬁzle‘[}{la‘[ frequent occurrence of Mycoplasma mastitis in neighborhood 24/37 (64.9%, 0) 44166 (66.7%, 4)
‘Changed' hygiene management after Mycoplasma infection in the farm or 17/37 (45.9%, 0) 14/66 (21.2%, 4)
in the neighborhood
Knowledge about Mycoplasma
Have ever heard the name of a bacterium, Mycoplasma 37/37 (100.0%, 0) 67/70 (95.7%, 0)
{:(iﬁ:vcgg; Mycoplasma also causes diseases to calves not only mastitis to 32/37 (86.5%, 0) 52/67 (77.6%, 3)
Know that Mycoplasma transmit from a calf to a dam by human hands 30/37 (81.1%, 0) 37/67 (55.2%, 3)
Cons.l(.iered the p0551b111'ty of Mycoplasma infection in a case of clinical 28/37 (75.7%, 0) 35/67 (52.2%, 3)
mastitis when no bacteria was isolated
Disease prevention
Practice of vaccination against respiratory diseases for milking cows
Yes 8/36 (22.2%, 1) 14/69 (20.3%, 1)
No 22/36 (61.1%, 1) 49/69 (71.0%, 1)

Not sure 6/36 (16.7%, 1) 6/69 (8.7%, 1)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Practice of vaccination against respiratory diseases for heifers

Yes

No

Not sure
Practice of vaccination against respiratory diseases for calves

Yes

No

Not sure
Prevention of intrusion of wild animals to the milking cow barn
Prevention of intrusion of wild animals to the heifer barn
Prevention of intrusion of wild animals to the calf barn
Presence of a power sprayer to disinfect vehicles which enter the farm
Set and apparently divide the sanitation control zone
Wear dedicated clothes in the sanitation control zone
Park vehicles of farm workers outside the sanitation control zone
Set disinfectant foot baths at barns

At all barns

One in the whole sanitation control zone

No foot baths
Remove dirt on boots before step into disinfectants foot baths
Frequency of changing disinfectants in foot baths

More than daily

Daily

More than weekly

23/36 (63.9%, 1)
10/36 (27.8%, 1)
3/36 (8.3%, 1)

20/35 (57.1%, 2)
12/35 (34.3%, 2)
3/35 (8.6%, 2)

20/37 (54.1%, 0)
12/34 (35.3%, 3)
13/31 (41.9%, 6)
2/37 (5.4%, 0)

31/37 (83.8%, 0)
12/37 (32.4%, 0)
10/37 (27.0%, 0)

16/37 (43.2%, 0)
17/37 (45.9%, 0)
4/37 (10.8%, 0)

28/33 (84.8%, 4)

4/33 (12.1%, 4)
5/33 (15.2%, 4)
21/33 (63.6%, 4)

40/69 (58.0%, 1)
25/69 (36.2%, 1)
4/69 (5.8%, 1)

42/69 (60.9%, 1)
24/69 (34.8%, 1)
3/69 (4.3%, 1)

36/69 (52.2%, 1)
18/64 (28.1%, 6)
23/60 (38.3%, 10)
4/70 (5.7%, 0)

56/70 (80.0%, 0)
24/70 (34.3%, 0)
28/69 (40.6%, 1)

34/69 (49.3%, 1)
30/69 (43.5%, 1)
5/69 (7.2%, 1)

50/64 (78.1%, 6)

2/63 (3.2%, 7)
13/63 (20.6%, 7)
30/63 (47.6%, 7)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Weekly
Less frequently
Type of disinfectant used (description question)
Chlorine disinfectant
Invert soap
Hydrated lime
Scatter hydrated lime powder at farm entrance
Conducted hygiene control measures to vehicles of farm workers (multiple
answers allowed)
Rinse the vehicle before disinfection
Disinfect the whole vehicle
Disinfect the wheel wells
Disinfect the driver seat floor mat
Disinfect the bed of the vehicle
The farm owner set guideline of disinfection of vehicles other than farm
workers' ones
(If yes,) conducted hygiene control measures to vehicles other than
farm workers' ones (multiple answers allowed)
Rinse the vehicle before disinfection
Disinfect the whole vehicle
Disinfect the wheel wells
Disinfect the driver seat floor mat
Disinfect the bed of the vehicle

3/33 (9.1%, 4)
0/33 (0.0%, 4)

26/28 (92.9%, 9)
1/28 (3.6%, 9)
0/28 (0.0%, 9)
27/36 (75.0%, 1)

3/34 (8.8%, 3)
0/34 (0.0%, 3)
3/34 (8.8%, 3)
2/34 (5.9%, 3)
1/34 (2.9%, 3)

1/32 (3.1%, 5)

0/1 (0.0%, 36)
0/1 (0.0%, 36)
1/1 (100.0%, 36)
0/1 (0.0%, 36)
0/1 (0.0%, 36)

15/63 (23.8%, 7)
3/63 (4.8%, 7)

44/50 (88.0%, 20)
6/50 (12.0%, 20)
2/50 (4.0%, 20)
45/68 (66.2%, 2)

4/66 (6.1%, 4)
2/66 (3.0%, 4)
8/66 (12.1%, 4)
2/65 (3.1%, 5)
2/66 (3.0%, 4)

3/62 (4.8%, 8)

0/3 (0.0%, 67)
0/3 (0.0%, 67)
3/3 (100.0%, 67)
1/3 (33.3%, 67)
0/3 (0.0%, 67)
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Conduct mastitis test by Mycoplasma after the first calving of a home-bred

heifer

5/37 (13.5%, 0)

Variable Infected Non-infected
Milking hygiene

Use a milking parlor 21/22 (95.5%, 15) 20/23 (87.0%, 47)
Existence of a backflush system in the milking system 1/22 (4.5%, 15) 0/23 (0.0%, 47)
Use milking robots 3/22 (13.6%, 15) 1/23 (4.3%, 47)
Use towels to wipe teats

Yes 34/37 (91.9%, 0) 64/70 (91.4%, 0)

No 0/37 (0.0%, 0) 0/70 (0.0%, 0)

Paper towels only 3/37 (8.1%, 0) 6/70 (8.6%, 0)
Use one towel per cow 27/34 (79.4%, 3) 52/64 (81.2%, 6)
Dip a towel to disinfectant 28/34 (82.4%, 3) 49/64 (76.6%, 6)
Consciously wipe teat openings 30/37 (81.1%, 0) 67/70 (95.7%, 0)
Use a paper towel after a cloth towel to wipe teats 6/37 (16.2%, 0) 24/69 (34.8%, 1)
Do pre-dipping 19/37 (51.4%, 0) 29/70 (41.4%, 0)
Do post-dipping 36/37 (97.3%, 0) 67/70 (95.7%, 0)
Use a cart to convey milking equipment 16/36 (44.4%, 1) 45/69 (65.2%, 1)
Use a strip cup 16/37 (43.2%, 0) 38/70 (54.3%, 0)
Actively call veterinarians when an abnormality was found by a strip cup ~ 15/35 (42.9%, 2) 27/60 (45.0%, 10)
Actively call veterinarians when an abnormality was found by PL test 26/37 (70.3%, 0) 42/70 (60.0%, 0)
Use adequately disinfected milking equipment 36/37 (97.3%, 0) 66/70 (94.3%, 0)
Disinfect milking equipment after milking 33/37 (89.2%, 0) 59/70 (84.3%, 0)
Disinfect milking equipment before milk a next cow 16/37 (43.2%, 0) 6/70 (8.6%, 0)
Milk cows with high somatic cell count last 7/37 (18.9%, 0) 10/68 (14.7%, 2)
Milk mastitis cows last 16/37 (43.2%, 0) 22/68 (32.4%, 2)

1/69 (1.4%, 1)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Conduct mastitis test by pathogen other than Mycoplasma after the first
calving of a home-bred heifer
Conduct a self-imposed test of Mycoplasma with bulk tank milk
Disinfect milking units until the result of Mycoplasma test was available
after the first calving
Calf handling
Timing when a calf is separated from its dam after a delivery
Immediately after the delivery
When realized the delivery finished
Keep them together for a while
Other

Period to keep a calf and a dam together (days)

Way to feed colostrum
Direct from the dam
By a feeding tool
Feed frozen colostrum
Feed artificial colostrum
Way to feed milk to calves
By a dam

(If yes,) the day start milking

The day end milking

8/37 (21.6%, 0)
16/36 (44.4%, 1)
6/37 (16.2%, 0)

16/23 (69.6%, 2)
8/23 (34.8%, 2)
1/23 (4.3%, 2)
0/23 (0.0%, 2)

2.0(1, 24, -, 2.0, 2.0, 2.0)

1/25 (4.0%, 0)
21/25 (84.0%, 0)
7/25 (28.0%, 0)
8/25 (32.0%, 0)

2/25 (8.0%, 0)
1.0 (2, 23,0.0, 1.0, 1.0,
1.0)

1.5(2,23,0.71, 1.5, 1.0,
2.0)

18/70 (25.7%, 0)
24/70 (34.3%, 0)
3/69 (4.3%, 1)

17/47 (36.2%, 0)
28/47 (59.6%, 0)

4/47 (8.5%, 0)

0/47 (0.0%, 0)

2.6 (4,43,3.0,1.5,0.5,
7.0)

1/46 (2.2%, 1)

39/46 (84.8%, 1)
10/46 (21.7%, 1)
14/46 (30.4%, 1)

0/45 (0.0%, 2)
- (07 477 T T Ty _)

- (07 477 Ty T Ty _)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

By a milking bucket
(If yes,) the day start milking

The day end milking

By a milking bin
(If yes,) the day start milking
The day end milking

By a bucket
(If yes,) the day start milking

The day end milking

Same worker takes care of calves and milking cows
(If yes,) timing of taking care of calves

Before milking
After milking
Not decided

Change gloves between taking care of calves and taking care of

milking cows
Yes
No

No gloves used

1/25 (4.0%, 0)
1.0 (1, 24, -, 1.0, 1.0, 1.0)

40.0 (1, 24, -, 40.0, 40.0,
40.0)

24/25 (96.0%, 0)

0.54 (24, 1, 0.51, 1.0, 0.0,
1.0)

25.6 (24, 1,30.2, 9.0, 3.0,
93.0)

6/25 (24.0%, 0)

11.5 (6, 19, 10.5, 9.0, 1.0,
31.0)

65.0 (6, 19, 12.2, 60.0,
60.0, 90.0)

17/25 (68.0%, 0)

8/17 (47.1%, 8)
8/17 (47.1%, 8)
1/17 (5.9%, 8)

12/21 (57.1%, 4)
6/21 (28.6%, 4)
3/21 (14.3%, 4)

10/45 (22.2%, 2)
2.3 (10, 37, 6.2, 0.0, 0.0,
20.0)

34.9 (10, 37, 23.6, 37.5,
3.0, 60.0)

35/45 (77.8%, 2)
1.2(35,12,1.8, 1.0, 0.0,
7.0)

17.3 (35, 12,20.3, 7.0, 1.0,
60.0)

14/45 (31.1%, 2)

9.7 (14, 33, 6.5, 8.0, 4.0,
29.0)

70.4 (13, 34, 21.1, 60.0,
45.0, 120.0)

33/46 (71.7%, 1)

17/34 (50.0%, 13)
8/34 (23.5%, 13)
9/34 (26.5%, 13)

17/36 (47.2%, 11)
11/36 (30.6%, 11)
8/36 (22.2%, 11)
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Variable Infected Non-infected

Change cloths between taking care of calves and taking care of

66

milking cows
Communal pastures
Use communal pastures
Using more than several years
Started to use in this year
Have been used before
Never used

For farms which have ever used communal pastures,
Type of cows been send to the communal pasture (multiple answers

allowed)
Heifers
Dry cows
Other
Owner of the communal pasture
A public organization
A neighbor farmer
An agricultural cooperative
Other
Introduction
Have ever introduced cows
Introduce non-pregnant heifers
Frequency of introduction of non-pregnant heifers
Every year
Once in two years

2/20 (10.0%, 5)

8/37 (21.6%, 0)
2/37 (5.4%, 0)
2/37 (5.4%, 0)
25/37 (67.6%, 0)

12/12 (100.0%, 25)
0/12 (0.0%, 25)
2/12 (16.7%, 25)

2/11 (18.2%, 26)
2/11 (18.2%, 26)
5/11 (45.5%, 26)
2/11 (18.2%, 26)

13/37 (35.1%, 0)
4/37 (10.8%, 0)

1/37 (2.7%, 0)
0/37 (0.0%, 0)

2/36 (5.6%, 11)

32/69 (46.4%, 1)
1/69 (1.4%, 1)
5/69 (7.2%, 1)
31/69 (44.9%, 1)

33/38 (86.8%, 32)
0/38 (0.0%, 32)
4/38 (10.5%, 32)

11/29 (37.9%, 41)
3/29 (10.3%, 41)
10/29 (34.5%, 41)
5/29 (17.2%, 41)

14/68 (20.6%, 2)
2/68 (2.9%, 2)

1/68 (1.5%, 2)
1/68 (1.5%, 2)
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Supplementary Table S1. (continued)

Variable Infected Non-infected
Once in five years 3/37 (8.1%, 0) 0/68 (0.0%, 2)
Never 33/37 (89.2%, 0) 66/68 (97.1%, 2)

The number of introduced non-pregnant heifers at the latest introduction

Introduce pregnant heifers
Frequency of introduction of pregnant heifers
Every year
Once in two years
Once in five years
Never

The number of introduced pregnant heifers at the latest introduction

Introduce delivered cows
Frequency of introduction of delivered cows
Every year
Once in two years
Once in five years
Never

The number of introduced delivered cows at the latest introduction

Introduce other cows

Frequency of introduction of other cows
Every year
Once in two years

10.5 (2, 35, 13.4, 10.5, 1.0,
20.0)
5/37 (13.5%, 0)

4/37 (10.8%, 0)

0/37 (0.0%, 0)

1/37 (2.7%, 0)

32/37 (86.5%, 0)

11.2 (5,32,9.5, 5.0, 3.0,
23.0)

8/37 (21.6%, 0)

2/33 (6.1%, 4)

1/33 (3.0%, 4)

1/33 (3.0%, 4)

29/33 (87.9%, 4)

6.0 (8,29, 3.6, 5.0, 1.0,
10.0)

0/37 (0.0%, 0)

0/36 (100.0%, 1)
0/36 (100.0%, 1)

150.0 (1, 69, -, 150.0,
150.0, 150.0)
10/68 (14.7%, 2)

4/67 (6.0%, 3)

5/67 (7.5%, 3)

0/67 (0.0%, 3)

58/67 (86.6%, 3)

12.2 (6, 64, 18.7, 3.5, 3.0,
50.0)

10/68 (14.7%, 2)

2/67 (3.0%, 3)

4/67 (6.0%, 3)

3/67 (4.5%, 3)

58/67 (86.6%, 3)

5.4 (5, 65, 3.0, 4.0, 3.0,
10.0)

0/65 (0.0%, 5)

0/65 (100.0%, 5)
0/65 (100.0%, 5)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Once in five years
Never

The number of introduced other cows at the latest introduction

For farms which have ever used introduced cows,
Source of introduction (multiple answers allowed)
An agricultural cooperative
A farm of an acquaintance
A group farm
A livestock dealer
Other
Most frequently introduced source
An agricultural cooperative
A farm of an acquaintance
A group farm
A livestock dealer
Other
Mastitis test by Mycoplasma to cows introduced from a livestock
market

Mastitis test by pathogen other than Mycoplasma to cows introduced
from a livestock market

Quarantine of introduced cows
Have a barn only for introduced cows
Have a barn not only for introduced cows
No quarantine

0/36 (100.0%, 1)

36/36 (100.0%, 1)

30.0 (1, 36, -, 30.0, 30.0,
30.0)

12/14 (85.7%, 23)
2/14 (14.3%, 23)
0/14 (0.0%, 23)
4/14 (28.6%, 23)
1/14 (7.1%, 23)

10/14 (71.4%, 23)
0/14 (0.0%, 23)
0/14 (0.0%, 23)
3/14 (21.4%, 23)
1/14 (7.1%, 23)

2/14 (14.3%, 23)

2/14 (14.3%, 23)

1/13 (7.7%, 24)
3/13 (23.1%, 24)
9/13 (69.2%, 24)

0/65 (100.0%, 5)
65/65 (100.0%, 5)

- (07 707 Ts T Ty -)

10/13 (76.9%, 57)
1/13 (7.7%, 57)
0/13 (0.0%, 57)
1/13 (7.7%, 57)
1/13 (7.7%, 57)

10/13 (76.9%, 57)
1/13 (7.7%, 57)
0/13 (0.0%, 57)
1/13 (7.7%, 57)
1/13 (7.7%, 57)

1/13 (7.7%, 57)

2/13 (15.4%, 57)

0/13 (0.0%, 57)
3/13 (23.1%, 57)
10/13 (76.9%, 57)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Quarantine period
One day
Less than a week
A week or more
Farm workers check health condition of introduced cows
Barns
Housing for milking cows
Tie stall
Free stall
Free barn
Rangeland
Other
Housing for dry cows
Tie stall
Free stall
Free barn
Rangeland
Other
Housing for heifers
Tie stall
Free stall
Free barn
Rangeland
Other

0/3 (0.0%, 34)
3/3 (100.0%, 34)
0/3 (0.0%, 34)
10/20 (50.0%, 5)

12/37 (32.4%, 0)
24/37 (64.9%, 0)
1/37 (2.7%, 0)
2/37 (5.4%, 0)
1/37 (2.7%, 0)

8/35 (22.9%, 2)
16/35 (45.7%, 2)
11/35 (31.4%, 2)
6/35 (17.1%, 2)
1/35 (2.9%, 2)

4/36 (11.1%, 1)
5/36 (13.9%, 1)
24/36 (66.7%, 1)
10/36 (27.8%, 1)
5/36 (13.9%, 1)

0/2 (0.0%, 68)
2/2 (100.0%, 68)
0/2 (0.0%, 68)
17/32 (53.1%, 15)

46/70 (65.7%, 0)
27/70 (38.6%, 0)
0/70 (0.0%, 0)
5/70 (7.1%, 0)
0/70 (0.0%, 0)

21/67 (31.3%, 3)
23/67 (34.3%, 3)
15/67 (22.4%, 3)
11/67 (16.4%, 3)
4/67 (6.0%, 3)

15/68 (22.1%, 2)
5/68 (7.4%, 2)
36/68 (52.9%, 2)
23/68 (33.8%, 2)
6/68 (8.8%, 2)
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Supplementary Table S1. (continued)

Variable Infected Non-infected

Housing for calves

One calf per pen 11/35 (31.4%, 2) 25/68 (36.8%, 2)

Several calves per pen 9/35 (25.7%, 2) 23/68 (33.8%, 2)

Hatch 13/35 (37.1%, 2) 24/68 (35.3%, 2)

Free barn 7/35 (20.0%, 2) 5/68 (7.4%, 2)

Rangeland 2/35 (5.7%, 2) 4/68 (5.9%, 2)

Other 3/35 (8.6%, 2) 2/68 (2.9%, 2)
Volume of bedding in the milking cow barn

Enough bedding 25/37 (67.6%, 0) 36/70 (51.4%, 0)

The floor can be seen through bedding 10/37 (27.0%, 0) 27/70 (38.6%, 0)

No bedding 2/37 (5.4%, 0) 7/70 (10.0%, 0)
Volume of bedding in the heifer barn

Enough bedding 17/32 (53.1%, 5) 27/69 (39.1%, 1)

The floor can be seen through bedding 9/32 (28.1%, 5) 27/69 (39.1%, 1)

No bedding 6/32 (18.8%, 5) 15/69 (21.7%, 1)
Volume of bedding in the calf barn

Enough bedding 30/33 (90.9%, 4) 57/67 (85.1%, 3)

The floor can be seen through bedding
No bedding

Bedding in the milking cow barn (multiple answers allowed)

Mattress
Sand
Paper
Sawdust
Compost

3/33 (9.1%, 4)
0/33 (0.0%, 4)

16/37 (43.2%, 0)
1/37 (2.7%, 0)
1/37 (2.7%, 0)
13/37 (35.1%, 0)
0/37 (0.0%, 0)

10/67 (14.9%, 3)
0/67 (0.0%, 3)

28/70 (40.0%, 0)
1/70 (1.4%, 0)
0/70 (0.0%, 0)
17/70 (24.3%, 0)
1/70 (1.4%, 0)
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Supplementary Table S1. (continued)

Scatter hydrated lime powder on bedding in the milking cow barn

(If yes,) frequency of use
Daily or more
Weekly or more
Monthly or more
Yearly or more
Less frequently

Frequency of changing bedding in the milking barn in summer

Daily or more
Weekly or more
Monthly or more

3/37 (8.1%, 0)

7/19 (36.8%, 18)
7/19 (36.8%, 18)
4/19 (21.1%, 18)
0/19 (0.0%, 18)
1/19 (5.3%, 18)

16/32 (50.0%, 5)
10/32 (31.2%, 5)
4/32 (12.5%, 5)

Variable Infected Non-infected
Straw 14/37 (37.8%, 0) 35/70 (50.0%, 0)
Pasture grass 3/37 (8.1%, 0) 2/70 (2.9%, 0)
Chaff 3/37 (8.1%, 0) 8/70 (11.4%, 0)
Other 4/37 (10.8%, 0) 11/70 (15.7%, 0)
Bedding in the heifer barn (multiple answers allowed)
Mattress 5/32 (15.6%, 5) 5/60 (8.3%, 10)
Sand 1/32 (3.1%, 5) 2/60 (3.3%, 10)
Paper 1/32 (3.1%, 5) 1/60 (1.7%, 10)
Sawdust 8/32 (25.0%, 5) 11/60 (18.3%, 10)
Compost 0/33 (0.0%, 4) 1/67 (1.5%, 3)
Straw 30/33 (90.9%, 4) 60/67 (89.6%, 3)
Pasture grass 1/33 (3.0%, 4) 5/67 (7.5%, 3)
Chaff 0/33 (0.0%, 4) 1/67 (1.5%, 3)
Other 1/33 (3.0%, 4) 0/67 (0.0%, 3)

8/70 (11.4%, 0)

12/23 (52.2%, 47)
3/23 (13.0%, 47)
5/23 (21.7%, 47)
1/23 (4.3%, 47)
2/23 (8.7%, 47)

38/64 (59.4%, 6)
18/64 (28.1%, 6)
5/64 (7.8%, 6)
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Supplementary Table S1. (continued)

Variable Infected Non-infected
Less frequently 2/32 (6.2%, 5) 3/64 (4.7%, 6)
Frequency of changing bedding in the milking barn in winter
Daily or more 16/32 (50.0%, 5) 41/65 (63.1%, 5)
Weekly or more 11/32 (34.4%, 5) 17/65 (26.2%, 5)
Monthly or more 5/32 (15.6%, 5) 5/65 (7.7%, 5)
Less frequently 0/32 (0.0%, 5) 2/65 (3.1%, 5)

Frequency of changing bedding in the heifer barn in summer
Daily or more
Weekly or more
Monthly or more
Less frequently
Frequency of changing bedding in the heifer barn in winter
Daily or more
Weekly or more
Monthly or more
Less frequently
Frequency of changing bedding in the calf barn in summer
Daily or more
Weekly or more
Monthly or more
Less frequently
Frequency of changing bedding in the calf barn in winter
Daily or more
Weekly or more
Monthly or more

7/28 (25.0%, 9)
15/28 (53.6%, 9)
4/28 (14.3%, 9)
2/28 (7.1%, 9)

7/28 (25.0%, 9)
15/28 (53.6%, 9)
4/28 (14.3%, 9)
2/28 (7.1%, 9)

7129 (24.1%, 8)
19/29 (65.5%, 8)
3/29 (10.3%, 8)
0/29 (0.0%, 8)

7/29 (24.1%, 8)
19/29 (65.5%, 8)
3/29 (10.3%, 8)

20/58 (34.5%, 12)
22/58 (37.9%, 12)
10/58 (17.2%, 12)
6/58 (10.3%, 12)

20/58 (34.5%, 12)
22/58 (37.9%, 12)
10/58 (17.2%, 12)
6/58 (10.3%, 12)

21/66 (31.8%, 4)
35/66 (53.0%, 4)
9/66 (13.6%, 4)
1/66 (1.5%, 4)

21/66 (31.8%, 4)
35/66 (53.0%, 4)
8/66 (12.1%, 4)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Less frequently
Frequency of removing manure in the milking cow barn (_ times per day)

Frequency of removing manure in the heifer barn
Daily or more
Weekly or more
Monthly or more
Less frequently
Frequency of removing manure in the calf barn
Daily or more
Weekly or more
Monthly or more
Regular disinfection in the milking cow barn
(If yes,) frequency of disinfection
Weekly or more
Monthly or more
Yearly or more
Less frequently
Type of disinfectant used (description question)
Outsourced to an agricultural cooperative
Chlorine disinfectant
Invert soap
Hydrated lime
Regular disinfection in the heifer barn

0/29 (0.0%, 8)
3.2(27,10,2.2,2.0, 1.0,
10.0)

17/30 (56.7%, 7)
10/30 (33.3%, 7)
3/30 (10.0%, 7)
0/30 (0.0%, 7)

8/30 (26.7%, 7)
19/30 (63.3%, 7)
3/30 (10.0%, 7)
15/35 (42.9%, 2)

2/12 (16.7%, 25)
5/12 (41.7%, 25)
5/12 (41.7%, 25)
0/12 (0.0%, 25)

3/12 (25.0%, 25)
3/12 (25.0%, 25)
3/12 (25.0%, 25)
2/12 (16.7%, 25)
13/33 (39.4%, 4)

2/66 (3.0%, 4)
4.0 (47,23,3.9,3.0, 1.0,
24.0)

34/58 (58.6%, 12)
15/58 (25.9%, 12)
6/58 (10.3%, 12)
3/58 (5.2%, 12)

23/65 (35.4%, 5)
33/65 (50.8%, 5)
9/65 (13.8%, 5)

33/68 (48.5%, 2)

1/27 (3.7%, 43)
14/27 (51.9%, 43)
12/27 (44.4%, 43)
0/27 (0.0%, 43)

12/23 (52.2%, 47)
3/23 (13.0%, 47)
6/23 (26.1%, 47)
2/23 (8.7%, 47)
20/63 (31.7%, 7)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

(If yes,) frequency of disinfection
Weekly or more
Monthly or more
Yearly or more
Less frequently

Type of disinfectant used (description question)
Outsourced to an agricultural cooperative
Chlorine disinfectant
Invert soap
Hydrated lime

Regular disinfection in the calf barn

(If yes,) frequency of disinfection
Weekly or more
Monthly or more
Yearly or more
Less frequently

Type of disinfectant used (description question)
Outsourced to an agricultural cooperative
Chlorine disinfectant
Invert soap
Hydrated lime

Water supply equipment in the milking cow barn
Water tank
Water cup

2/11 (18.2%, 26)
3/11 (27.3%, 26)
5/11 (45.5%, 26)
1/11 (9.1%, 26)

0/6 (0.0%, 31)
3/6 (50.0%, 31)
1/6 (16.7%, 31)
3/6 (50.0%, 31)
20/29 (69.0%, 8)

5/17 (29.4%, 20)
8/17 (47.1%, 20)
1/17 (5.9%, 20)

3/17 (17.6%, 20)

0/10 (0.0%, 27)
1/10 (10.0%, 27)
2/10 (20.0%, 27)
5/10 (50.0%, 27)

6/7 (85.7%, 30)
1/7 (14.3%, 30)

0/18 (0.0%, 52)
10/18 (55.6%, 52)
8/18 (44.4%, 52)
0/18 (0.0%, 52)

2/11 (18.2%, 59)
0/11 (0.0%, 59)

3/11 (27.3%, 59)
4/11 (36.4%, 59)
31/61 (50.8%, 9)

8/27 (29.6%, 43)
8/27 (29.6%, 43)
10/27 (37.0%, 43)
1/27 (3.7%, 43)

1/20 (5.0%, 50)
1/20 (5.0%, 50)
1/20 (5.0%, 50)
12/20 (60.0%, 50)

6/16 (37.5%, 54)
12/16 (75.0%, 54)




Supplementary Table S1. (continued)

Variable Infected Non-infected
Frequency of cleaning the water supply equipment in the milking cow
barn
Daily or more 4/27 (14.8%, 10) 4/55 (7.3%, 15)
Weekly or more 14/27 (51.9%, 10) 22/55 (40.0%, 15)
Monthly or more 3/27 (11.1%, 10) 14/55 (25.5%, 15)
Less frequently 3/27 (11.1%, 10) 10/55 (18.2%, 15)
When it get dirty 3/27 (11.1%, 10) 5/55 (9.1%, 15)

Water supply equipment in the heifer barn

801

Water tank 3/4 (75.0%, 33)

Water cup

Frequency of cleaning the water supply equipment in the heifer barn

2/4 (50.0%, 33)

8/13 (61.5%, 57)
5/13 (38.5%, 57)

Daily or more 2/32 (6.2%, 5) 7/68 (10.3%, 2)
Weekly or more 13/32 (40.6%, 5) 20/68 (29.4%, 2)
Monthly or more 6/32 (18.8%, 5) 17/68 (25.0%, 2)
Less frequently 5/32 (15.6%, 5) 16/68 (23.5%, 2)
When it get dirty 6/32 (18.8%, 5) 8/68 (11.8%, 2)
Water supply equipment in the calf barn
Water tank 0/9 (0.0%, 28) 5/24 (20.8%, 46)
Water cup 4/9 (44.4%, 28) 4/24 (16.7%, 46)
Bucket 4/9 (44.4%, 28) 8/24 (33.3%, 46)
No equipment 1/9 (11.1%, 28) 7/24 (29.2%, 46)
Frequency of cleaning the water supply equipment in the calf barn
Daily or more 10/29 (34.5%, 8) 20/56 (35.7%, 14)
Weekly or more 9/29 (31.0%, 8) 14/56 (25.0%, 14)

Monthly or more 3/29 (10.3%, 8) 8/56 (14.3%, 14)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Less frequently
When it get dirty

Type of ventilation in the milking cow barn
Windows and doors only
Fans
Open barn
Tunnel ventilation

Type of ventilation in the heifer barn
Windows and doors only
Fans
Open barn
Tunnel ventilation

Type of ventilation in the calf barn
Windows and doors only
Fans
Open barn
Tunnel ventilation

Hygiene management during heavy snow

4/29 (13.8%, 8)
3/29 (10.3%, 8)

12/37 (32.4%, 0)
25/37 (67.6%, 0)
9/37 (24.3%, 0)
7/37 (18.9%, 0)

20/35 (57.1%, 2)
6/35 (17.1%, 2)
14/35 (40.0%, 2)
2/35 (5.7%, 2)

19/32 (59.4%, 5)
13/32 (40.6%, 5)
8/32 (25.0%, 5)
2/32 (6.2%, 5)

9/56 (16.1%, 14)
5/56 (8.9%, 14)

26/70 (37.1%, 0)
34/70 (48.6%, 0)
16/70 (22.9%, 0)
13/70 (18.6%, 0)

39/66 (59.1%, 4)
8/66 (12.1%, 4)
24/66 (36.4%, 4)
2/66 (3.0%, 4)

37/62 (59.7%, 8)
10/62 (16.1%, 8)
21/62 (33.9%, 8)
2/62 (3.2%, 8)

Remember the condition of hygiene management in the farm from the end

of February to early March in 2015 when heavy snow fell 21/37 (56.8% 0) 37770 (52.9%, 0)
Volume of ventilation in the period in the milking cow barn
Could not be done in some period 2/21 (9.5%, 16) 3/37 (8.1%, 33)
Decreased 2/21 (9.5%, 16) 10/37 (27.0%, 33)

Same as usual years 14/21 (66.7%, 16) 17/37 (45.9%, 33)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Volume of ventilation in the period in the heifer barn
Could not be done in some period
Decreased
Same as usual years
Volume of ventilation in the period in the calf barn
Could not be done in some period
Decreased
Same as usual years
Volume of ventilation in the period in other barns
Could not be done in some period
Decreased
Same as usual years
Frequency of removing manure in the period in the milking cow barn
Could not be done in some period
Decreased
Same as usual years
Frequency of removing manure in the period in the heifer barn
Could not be done in some period
Decreased
Same as usual years
Frequency of removing manure in the period in the calf barn
Could not be done in some period
Decreased
Same as usual years

2/21 (9.5%, 16)
1/21 (4.8%, 16)
11/21 (52.4%, 16)

2/21 (9.5%, 16)
2/21 (9.5%, 16)
12/21 (57.1%, 16)

0/21 (0.0%, 16)
0/21 (0.0%, 16)
8/21 (38.1%, 16)

4/21 (19.0%, 16)
2/21 (9.5%, 16)
14/21 (66.7%, 16)

6/21 (28.6%, 16)
3/21 (14.3%, 16)
11/21 (52.4%, 16)

4/21 (19.0%, 16)
3/21 (14.3%, 16)
12/21 (57.1%, 16)

4/37 (10.8%, 33)
9/37 (24.3%, 33)
13/37 (35.1%, 33)

4/37 (10.8%, 33)
7/37 (18.9%, 33)
14/37 (37.8%, 33)

1/37 (2.7%, 33)
1/37 (2.7%, 33)
4/37 (10.8%, 33)

8/37 (21.6%, 33)
3/37 (8.1%, 33)
20/37 (54.1%, 33)

16/37 (43.2%, 33)
9/37 (24.3%, 33)
9/37 (24.3%, 33)

11/37 (29.7%, 33)
5/37 (13.5%, 33)
10/37 (27.0%, 33)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Frequency of removing manure in the period in other barns
Could not be done in some period
Decreased
Same as usual years

Frequency of changing bedding in the period in the milking cow barn
Could not be done in some period
Decreased
Same as usual years

Frequency of changing bedding in the period in the heifer barn
Could not be done in some period
Decreased
Same as usual years

Frequency of changing bedding in the period in the calf barn
Could not be done in some period
Decreased
Same as usual years

Frequency of changing bedding in the period in other barns
Could not be done in some period
Decreased
Same as usual years

Movement record
Total number of cows belonged the farm in the period

Have ever moved cows from their home farms

1/21 (4.8%, 16)
1/21 (4.8%, 16)
8/21 (38.1%, 16)

2/21 (9.5%, 16)
1/21 (4.8%, 16)
12/21 (57.1%, 16)

2/21 (9.5%, 16)
1/21 (4.8%, 16)
11/21 (52.4%, 16)

2/21 (9.5%, 16)
3/21 (14.3%, 16)
11/21 (52.4%, 16)

0/21 (0.0%, 16)
0/21 (0.0%, 16)
8/21 (38.1%, 16)

115.9 (37,0, 87.1, 88.0,
6.0, 442.0)
27/37 (73.0%, 0)

2/37 (5.4%, 33)
3/37 (8.1%, 33)
3/37 (8.1%, 33)

5/37 (13.5%, 33)
3/37 (8.1%, 33)
19/37 (51.4%, 33)

12/37 (32.4%, 33)
8/37 (21.6%, 33)
9/37 (24.3%, 33)

8/37 (21.6%, 33)
5/37 (13.5%, 33)
10/37 (27.0%, 33)

3/37 (8.1%, 33)
1/37 (2.7%, 33)
3/37 (8.1%, 33)

93.0 (67, 0, 52.4, 75.0,
25.0,227.0)
52/67 (77.6%, 0)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

The number of moved cows from their home farms
Have ever moved calves from their home farms

The number of moved calves from their home farms
Have ever introduced cows

The number of introduced cows

Have ever introduced cows from livestock markets

The number of introduced cows from livestock markets
Have ever introduced cows from other farms

The number of introduced cows from other farms

Have ever used communal pastures

The number of cows which have been sent to communal pastures
Have cows which had ever been at livestock markets

The number of cows which have ever been at livestock markets
Mean number of movements for all cows
Mean number of movements for moved cows

Median number of movements for all cows

16.3 (37, 0, 27.4, 4.0, 0.0,
110.0)

24/37 (64.9%, 0)

10.2 (37, 0, 22.0, 1.0, 0.0,
100.0)

17/36 (47.2%, 1)
2.1(32,5,4.1,0.0, 0.0,
16.0)

12/32 (37.5%, 5)

1.3 (32, 5, 2.6, 0.0, 0.0,
12.0)

9/32 (28.1%, 5)

0.84 (32, 5, 2.5, 0.0, 0.0,
14.0)

22/37 (59.5%, 0)

10.3 (37, 0, 20.6, 1.0, 0.0,
76.0)

15/37 (40.5%, 0)

1.4 (37,0, 2.6, 0.0, 0.0,
12.0)

0.36 (37, 0, 0.54, 0.12, 0.0,
2.0)

2.4(27, 10, 1.0, 2.1, 1.0,
6.0)

0.24 (37, 0, 0.64, 0.0, 0.0,
2.0)

29.3 (67, 0, 36.2, 18.0, 0.0,
164.0)

46/67 (68.7%, 0)

16.0 (67, 0, 27.6, 4.0, 0.0,
164.0)

28/64 (43.8%, 3)

4.3 (60,7, 9.4, 0.0, 0.0,
44.0)

21/60 (35.0%, 7)

2.8 (59, 8, 7.4, 0.0, 0.0,
43.0)

16/60 (26.7%, 7)

0.88 (59, 8, 2.7, 0.0, 0.0,
17.0)

49/67 (73.1%, 0)

25.1 (67, 0, 35.0, 8.0, 0.0,
164.0)

24/67 (35.8%, 0)

3.6 (67,0, 8.9, 0.0, 0.0,
44.0)

0.75 (67, 0, 0.85, 0.53, 0.0,
3.9)
2.3(52,15,0.58,2.1, 1.4,
3.9)

0.54 (67, 0, 0.93, 0.0, 0.0,
4.0)




Supplementary Table S1. (continued)

Variable

Infected

Non-infected

el

Median number of movements for moved cows
Mean age of the first movement (day)

Median age of the first movement (day)

Mean age of the last movement (day)

Median age of the last movement (day)

Cow-level
Movement record

Have ever moved from its home farm
Have ever moved when it was a calf

The number of movements
Age of the first movement (day)
Age of the last movement (day)

Mean age of movements (day)

Have introduced
Source of introduction
Livestock markets

2.2 (27, 10, 1.0, 2.0, 1.0,
6.0)

404.1 (27, 10, 386.6,
295.0, 2.0, 1418.8)
395.1 (27, 10, 412.5,
335.0, 0.0, 1623.5)
668.3 (27, 10, 405.0,
587.6, 6.0, 1783.2)
664.1 (27, 10, 423.9,
625.0, 2.0, 1835.0)

12/44 (27.3%, 0)
0/44 (0.0%, 0)

0.55 (44, 1.0, 0.0, 0.0, 4.0)

948.5 (12, 569.5, 759.0,
451.0, 2021.0)

1017.1 (12, 513.3, 784.0,
612.0, 2021.0)

984.8 (12, 538.9, 760.2,
531.5,2021.0)

12/44 (27.3%, 0)

3/6 (50.0%, 38)

2.2(52,15,0.63, 2.0, 1.0,
4.0)

411.1 (52, 15,2732,
364.9,2.2, 1313.2)

408.1 (52, 15,290.5,
380.0, 2.0, 1500.0)

593.4 (52, 15, 272.0,
560.2, 157.1, 1663.9)
594.3 (52, 15, 264.5,
589.8, 2.0, 1590.0)

59/107 (55.1%, 0)

5/107 (4.7%, 0)

1.3 (107, 1.8, 1.0, 0.0,
12.0)

1501.7 (59, 854.8, 1580.0,
9.0, 2969.0)

1969.2 (59, 652.5, 2088.0,
375.0, 3142.0)

1715.2 (59, 685.2, 1650.0,
192.0, 2969.7)

22/97 (22.7%, 10)

1/9 (11.1%, 98)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Farms
Have ever been at livestock markets
Have been sent to a communal pasture

Dairy herd test record
Milk yield

Milk yield at the test day (kg)
Milk yield for 305 days (kg)
Milk yield in the lactation (kg)

Peak daily milk yield in the lactation (kg)

Adjusted daily milk yield (Solid corrected milk yield adjusted to a cow
which is in the second parity, delivered on April and whose days in
milking is 150) (kg)

Adjusted 305 days milk yield (305 days milk yield adjusted to a cow
which is 72 months old, delivered on April, and is milked twice per day)
(kg)

Expected daily milk yield for next 12 months (kg)

Milk components
Fat concentration at the test day (%)

Average fat concentration for 305 days (%)

3/6 (50.0%, 38)
5/37 (13.5%, 7)
6/40 (15.0%, 4)

35.7(39,9.1, 35.2, 14.2,
53.5)

10203.8 (39, 1719.4,
9959.0, 6314.0, 13993.0)
4406.4 (39, 2959.5,
3918.0, 319.0, 10489.0)
41.7 (39, 8.4,42.2,25.5,
58.7)

29.1 (39, 9.4, 30.2, 0.0,
44.3)

10957.0 (39, 1439.2,
11130.0, 7025.0, 14030.0)
34.0 (39, 12.6, 33.0, 0.0,
54.8)

4.1 (39, 0.84, 4.0,2.7, 6.0)
4.1(39,0.38,4.1,3.2,4.9)

8/9 (88.9%, 98)
13/95 (13.7%, 12)
16/100 (16.0%, 7)

28.5 (563, 9.2, 28.6, 0.0,
57.5)

9537.9 (563, 2078.6,
9564.0, 0.0, 16761.0)
6188.7 (563, 3999.5,
6076.0, 0.0, 23278.0)
38.4 (563, 10.1, 39.0, 0.0,
65.2)

24.9 (563, 13.2, 27.5, 0.0,
54.8)

10665.7 (563, 2359.5,
10795.0, 0.0, 17351.0)

24.8 (563, 15.4, 28.6, 0.0,
57.3)

4.0 (563, 0.57, 4.0, 0.0,
5.2)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Average fat concentration in the lactation (%)
Non-fat milk solids (SNF) concentration at the test day (%)

Average SNF concentration for 305 days (%)
Average SNF concentration in the lactation (%)

Protein concentration at the test day (%)
Average protein concentration for 305 days (%)
Average protein concentration in the lactation (%)

Mulk urea nitrogen concentration at the test day (mg/dl)
Somatic cell count

Somatic cell count (x1,000)

Linear score

The number of months with linear score >5 in the lactation
Delivery

Parity

Days in milking

4.2(39,0.72,4.1,2.9, 6.4)
8.7 (39, 0.35, 8.8, 7.9, 9.6)

8.8 (39, 0.23, 8.8, 8.2, 9.2)
8.7 (39, 0.32, 8.8, 7.9, 9.4)
3.2(39,0.35,3.2, 2.8, 4.3)

3.3(39,0.21,3.2,2.9,3.9)

3.2(39,0.34, 3.2, 2.6, 4.0)
11.8 (39, 2.0, 11.8, 7.6,
15.5)

115.9 (39, 237.9, 44.0, 9.0,
1455.0)
2.2(39, 1.6, 2.0, 0.0, 7.0)

0.46 (39, 1.4, 0.0, 0.0, 8.0)

2.9 (39, 1.4, 3.0, 1.0, 6.0)

122.6 (39, 83.4, 107.0, 9.0,
322.0)

4.0 (563, 0.83, 4.0, 0.0,
8.3)

8.7 (563, 1.1, 8.8, 0.0,
10.1)

8.7 (563, 0.92, 8.7, 0.0,
9.5)

8.6 (563, 1.1, 8.7, 0.0, 9.8)
3.3 (563, 0.53, 3.3, 0.0,
4.6)
3.2(563,0.37,3.2,0.0,
3.9)

3.2(563,0.46, 3.2, 0.0,
4.4)

12.4 (563, 2.6, 12.5, 0.0,
30.8)

184.5 (563, 642.4, 49.0,
0.0, 10458.0)

2.3 (563, 1.8, 2.0, 0.0, 9.0)
0.71 (563, 1.6, 0.0, 0.0,
12.0)

2.7 (563, 1.7,2.0, 1.0,
10.0)

191.2 (563, 123.2, 188.0,
0.0, 766.0)
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Supplementary Table S1. (continued)

Variable

Infected

Non-infected

Pregnancy status
Before the first service
Artificial insemination (AI) was conducted
Failed to conceive
Not designated for Al

Calving interval (day)

The number of Al conducted

Period from the last Al (day)

Period from the last delivery to the first Al (day)
Age at the last delivery (month)

Difficulty of the last delivery (1 (easy)-5 (difficult))

Type of last delivery
Singleton
Multiplets
Stillbirth or abortion
Cow profile

Body weight (kg)

Age (month)

13/39 (33.3%, 0)

15/39 (38.5%, 0)

11/39 (28.2%, 0)

0/39 (0.0%, 0)

436.7 (32, 127.7, 384.5,
315.0, 760.0)

1.1 (39, 1.1, 1.0, 0.0, 5.0)

62.1 (26, 54.9, 43.0, 0.0,
202.0)

87.2 (26, 69.0, 76.5, 2.0,
244.0)

51.6 (39, 18.4, 50.0, 21.0,
89.0)

1.4 (39,0.74, 1.0, 1.0, 3.0)

37/39 (94.9%, 0)
0/39 (0.0%, 0)
2/39 (5.1%, 0)

645.5 (2, 78.5, 645.5,
590.0, 701.0)

55.7 (39, 19.4, 55.0, 23.0,
99.0)

150/563 (26.6%, 0)
324/563 (57.5%, 0)
87/563 (15.5%, 0)

2/563 (0.4%, 0)

436.5 (383, 103.0, 405.0,
306.0, 913.0)

1.6 (563, 1.7, 1.0, 0.0,
13.0)

91.7 (411, 66.3, 84.0, 0.0,
338.0)

148.3 (412, 103.0, 141.5,
0.0, 697.0)

48.2 (563, 22.6, 46.0, 21.0,
139.0)

1.5 (563, 0.79, 1.0, 1.0,
5.0)

503/563 (89.3%, 0)
40/563 (7.1%, 0)
20/563 (3.6%, 0)

614.1 (11, 73.8, 590.0,
529.0, 720.0)

54.5 (563, 23.0, 52.0, 21.0,
144.0)




Supplementary Table S1. (continued)

Variable Infected Non-infected

12.4 (39,2.2,13.5, 10.0, 12.6 (563, 2.0, 13.5, 0.0,

LT1

Concentrates fed (kg)

Clinical record

Respiratory disease—pneumonia—Mycoplasma 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Respiratory disease—pneumonia—bacteria 5/58 (8.6%, 0) 14/1742 (0.8%, 0)
Disease of udder and teat—peracute mastitis—other bacteria 1/58 (1.7%, 0) 3/1742 (0.2%, 0)
Disease of udder and teat—peracute mastitis—other microbe 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease of udder and teat—acute mastitis—other bacteria 13/58 (22.4%, 0) 15/1742 (0.9%, 0)
Disease of udder and teat—acute mastitis—other microbe 5/58 (8.6%, 0) 8/1742 (0.5%, 0)
Disease of udder and teat—chronic mastitis—other bacteria 1/58 (1.7%, 0) 4/1742 (0.2%, 0)
Disease of udder and teat—chronic mastitis—other microbe 0/58 (0.0%, 0) 3/1742 (0.2%, 0)
Disease of udder and teat—subclinical mastitis—other bacteria 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease of udder and teat—subclinical mastitis—other microbe 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease of udder and teat—mastitis in dry period—other bacteria 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease of udder and teat—mastitis in dry period—other microbe 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease of udder and teat—mastitis in heifer—other bacteria 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease of udder and teat—mastitis in heifer—other microbe 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease of sensory organ—otitis media 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease of limb—arthritis—infectious 0/58 (0.0%, 0) 4/1742 (0.2%, 0)
Disease by bacteria or fungus—bovine Mycoplasma mastitis 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease by bacteria or fungus—other Mycoplasma infection—arthritis 0/58 (0.0%, 0) 0/1742 (0.0%, 0)
Disease by bacteria or fungus—other Mycoplasma infection—other 0/58 (0.0%, 0) 0/1742 (0.0%, 0)

15.0)

15.0)




Supplementary Table S2. List of herd-level variables and results of the univariable analysis

Non- Odds p-

811

Variable Infected (%) infected (%) ratio (95% CI) value Offered
Questionnaires
Farm information
Type of business 0.9 (0.3-2.5) 1.000 No
Family-run 30/37 (81.1%) 58/70 (82.9%)
Cooperative 7/37 (18.9%) 12/70 (17.1%)
Type of farming 1.1 (0.2-6.3) 1.000 No
Dairy only 34/36 (94.4%) 62/66 (93.9%)
Mixed 2/36 (5.6%) 4/66 (6.1%)
(If beef cows were kept,) keep beef cows 212 (100.0%) 33 (100.0%) ~ No
in the same farm
The number of workers 3.0 (n=37) 3.0 (n=70) 0.365 No
The year the farm was opened 1956.0 (n=136) 1950.0 (n=065) 0.480 No
The year the farm owner started farming 1990.0 (n=37) 1990.0 (n=168) 0.428 No
The number of cows
Milking cows 90.0 (n=37) 68.5 (n=70) 0.036 No
Dry cows 140 (n=37) 10.0 (n=70) 0.316 No
Heifers 60.0 (n=37) 40.0 (n=70) 0.096 No
Calves 20.0 (n=37) 10.0 (n=70) 0.031 No
Total 185.0 (n=37) 345 (n=70) 0.052 Yes
Experience of Mycoplasma infection
The number of cows infected by Mycoplasma in the 59 (Me_an; N/A _ No
outbreak n =28)
Have experienced Mycoplasma mastitis within two 428 (14.3%) 0/55 (0.0%) 204 (1.1-3935) 0011 No

years in group farms
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) infected (%) ratio (95% CI) value Offered

(If yes,) the number of cows infected 3.3 (I:I/Iia:r;; N/A - No
Knew that frequent occurrence of Mycoplasma 24/37 (64.9%)  44/66 (66.7%) 09 (0.4-2.2)  1.000 No
mastitis in neighborhood recently
Changed hygiene management after Mycoplasma o o B
infection in the farm or in the neighborhood 17/37 (45.9%) 14/66 (21.2%) 3.2 (1.3-7.6) 0.016 No

Knowledge about Mycoplasma
Have ever heard the name of a bacterium, 37/37 o o
(100.0%)  67/70 (95.7%) 39 (0.2-77.3) 0.550 No
Mycoplasma
Know that Mycoplasma also causes diseases to 3237 (86.5%) 5267 (77.6%) 18 (0.6-56) 0401 No
calves not only mastitis to adult cows
Know that Mycoplasma transmit from a calf to a 3037 81.1%) 3767 (552%) 3.5 (13-9.0)  0.015 No
dam by human hands
Considered the possibility of Mycoplasma infection
in a case of clinical mastitis when no bacteria was 28/37 (75.7%) 35/67 (52.2%) 2.8 (1.2-6.9) 0.033 No
isolated
Disease prevention

Practice of vaccination against respiratory diseases 0400 No
for milking cows '

Yes 8/36 (22.2%) 14/69 (20.3%)

No 22/36 (61.1%) 49/69 (71.0%)

Not sure 6/36 (16.7%) 6/69 (8.7%)
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) infected (%) ratio (95% CI) value Offered
Practice of vaccination against respiratory diseases
for heifers 0.674 No
Yes 23/36 (63.9%) 40/69 (58.0%)
No 10/36 (27.8%) 25/69 (36.2%)
Not sure 3/36 (8.3%) 4/69 (5.8%)
Practice of vaccination against respiratory diseases
for calves 0.703 No
Yes 20/35 (57.1%) 42/69 (60.9%)
No 12/35 (34.3%) 24/69 (34.8%)
Not sure 3/35 (8.6%) 3/69 (4.3%)
Prevention of intrusion of wild animals to the
N 20/37 (54.1%) 36/69 (52.2%) 1.1 (0.5-2.4) 1.000 No
milking cow barn
Ezrl:l/entlon of intrusion of wild animals to the heifer 1234 (35.3%) 18/64 (28.1%) 14 (0.6-3.4) 0615 No
Ezrl:l/entlon of intrusion of wild animals to the calf 1331 (41.9%) 23/60 (38.3%) 12 (0.5-2.8) 0915 No
Presence of a power sprayer to disinfect vehicles o o
which enter the farm 2/37 (5.4%) 4/70  (5.7%) 0.9 (0.2-5.4) 1.000 No
Set and apparently divide the sanitation control zone 31/37 (83.8%) 56/70 (80.0%) 1.3 (0.5-3.7) 0.828 No
Xiaer dedicated clothes in the sanitation control 1237 (32.4%) 24170 (34.3%) 09 (0.4-2.1) 1.000 No
Park vehicles of farm workers outside the sanitation 1037 (27.0%) 28/69 (40.6%) 0.5 (0.2-13) 0240 No

control zone
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) infected (%) ratio (95% CI) value Offered
Set disinfectant foot baths at barns 0.718 No
At all barns 16/37 (43.2%) 34/69 (49.3%)
One in the whole sanitation control zone 17/37 (45.9%) 30/69 (43.5%)
No foot baths 4/37 (10.8%) 5/69 (7.2%)
E)ZTEZ&SM on boots before step into disinfectants —— g/33 g4 800)  S0/64 (78.1%) 1.6 (0.5-4.8)  0.603 No
Frequency of changing disinfectants in foot baths 0.091 No
More than daily 4/33  (12.1%) 2/63 (3.2%)
Daily 5/33  (15.2%) 13/63 (20.6%)
More than weekly 21/33  (63.6%) 30/63 (47.6%)
Weekly 3/33  (9.1%) 15/63 (23.8%)
Less frequently 0/33  (0.0%) 3/63 (4.8%)
Type of disinfectant used (description question)
Chlorine disinfectant 26/28 (92.9%) 44/50 (88.0%) 1.8 (0.3-9.4) 0.704 No
Invert soap 1/28 (3.6%) 6/50 (12.0%) 0.3 (0.0-2.4) 0.411 No
Hydrated lime 0/28 (0.0%) 2/50 (4.0%) 0.3 (0.1-7.3) 0.534 No
Scatter hydrated lime powder at farm entrance 27/36 (75.0%) 45/68 (66.2%) 1.5 (0.6-3.8) 0.481 No
Conducted hygiene control measures to vehicles of
farm workers (multiple answers allowed)
Rinse the vehicle before disinfection 3/34 (8.8%) 4/66 (6.1%) 1.5 (0.3-7.1) 0.687 No
Disinfect the whole vehicle 0/34  (0.0%) 2/66 (3.0%) 0.4 (0.0-8.0) 0.547 No
Disinfect the wheel wells 3/34 (8.8%) 8/66 (12.1%) 0.7 (0.2-2.8) 0.745 No
Disinfect the driver seat floor mat 2/34  (5.9%) 2/65 (3.1%) 2.0 (0.3- 0.605 No
Disinfect the bed of the vehicle 1/34  (2.9%) 2/66 (3.0%) 1.0 (0.1-11.1) 1.000 No
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) infected (%) ratio (95% CI) value Offered
The farm owner set guideline of disinfection of
vehicles other than firm workers' ones 1/32 (3.1%) 3/62 (4.8%) 0.6 (0.1-6.4) 1.000 No
(If yes,) conducted hygiene control measures to
vehicles other than farm workers' ones
(multiple answers allowed)
Rinse the vehicle before disinfection 0/1 (0.0%) 0/3  (0.0%) - No
Disinfect the whole vehicle 0/1 (0.0%) 0/3  (0.0%) - No
Disinfect the wheel wells 1/1 (100.0%) 3/3 (100.0%) - No
Disinfect the driver seat floor mat 0/1 (0.0%) 1/3 (33.3%) - No
Disinfect the bed of the vehicle 1/1 (100.0%) 3/3 (100.0%) - No
Milking hygiene
Use a milking parlor 21/22  (95.5%) 20/23 (87.0%) - No
]si;isits(;t;nce of a backflush system in the milking 122 (45%) 023 (0.0%) _ No
Use a milking robots 3/22 (13.6%) 1723 (4.3%) - No
Use towels to wipe teats 1.000 Yes
Yes 34/37 (91.9%) 64/70 (91.4%)
No 0/37 (0.0%) 0/70 (0.0%)
Paper towels only 3/37 (8.1%) 6/70 (8.6%)
Use one towel per cow 27/34 (79.4%) 52/64 (81.2%) 0.9 (0.3-2.5) 1.000 No
Dip a towel to disinfectant 28/34 (82.4%) 49/64 (76.6%) 1.4 (0.54.1) 0.684 No
Consciously wipe teat openings 30/37 (81.1%) 67/70 (95.7%) 0.2 (0.0-0.8) 0.030 Yes
Use a paper towel after a cloth towel to wipe teats 6/37 (16.2%) 24/69 (34.8%) 0.4 (0.1-1.0) 0.072 Yes
Do pre-dipping 19/37 (51.4%) 29/70 (41.4%) 1.5 (0.7-3.3) 0.437 No
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) . (%) . (95% CI) Offered
infected ratio value
Do post-dipping 36/37 (97.3%) 67/70 (95.7%) 1.6 (0.2-16.1) 1.000 No
Use a cart to convey milking equipment 16/36 (44.4%) 45/69 (65.2%) 0.4 (0.2-1.0) 0.066 No
Use a strip cup 16/37 (43.2%) 38/70 (54.3%) 0.6 (0.3-1.4) 0.377 No
Actively call Yeterinarians when an abnormality was 1535 (42.9%) 27/60 (45.0%) 0.9 (0.4-2.1) 1,000 No
found by a strip cup
fAOfl%eg CPail tveiie“na“ans when an abnormality was ¢35 (70300 4270 (60.0%) 1.6 (0.7-3.7) 0402 No
Use adequately disinfected milking equipment 36/37 (97.3%) 66/70 (94.3%) 2.2 (0.2-20.3) 0.657 No
Disinfect milking equipment after milking 33/37 (89.2%) 59/70 (84.3%) 1.5 (0.5-5.2) 0.688 No
Disinfect milking equipment before milk a next cow 16/37 (43.2%) 6/70 (8.6%) 8.1 (2.8-23.5) 0.000 No
Milk cows with high somatic cell count last 7/37 (18.9%) 10/68 (14.7%) 1.4 (0.5-3.9) 0.778 No
Milk mastitis cows last 16/37 (43.2%) 22/68 (32.4%) 1.6 (0.7-3.6) 0.370 No
Cca(ﬁ:ﬂgtorfn;;tz,triet_es;e%yhﬁgfp lasma after the first 5/37 (13.5%) 1/69 (14%)  10.6 (1.2-947) 0.019 No
Conduct mastitis test by pathogen other than
Mycoplasma after the first calving of a home-bred 8/37 (21.6%) 18/70 (25.7%) 0.8 (0.3-2.1) 0.816 No
heifer
conduct a se Fimposed test of Mycoplasma with 16/36 (44.4%)  24/70 (343%) 15 (0.7-3.5) 0418 No
Disinfect milking units until the result of
Mycoplasma tes‘ég was available after the first calving 6/37 (16.2%) 369 (4.3%) 4.3 (1.0-182)  0.063 No
Calf handling

Timing when a calf is separated from its dam after a
delivery

Immediately after the delivery 16/23  (69.6%) 17/47 (36.2%) 40 (1.4-11.7) 0.018 No
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) . (%) . (95% CI) Offered
infected ratio value
When realized the delivery finished 8/23 (34.8%) 28/47 (59.6%) 0.4 (0.1-1.0) 0.090 No
Keep them together for a while 1/23  (4.3%) 4/47 (8.5%) 0.5 (0.1-4.6) 1.000 No
Other 0/23  (0.0%) 0/47 (0.0%) - No
Period to keep a calf and a dam together (days) 20 (n=1) 1.5 (n=4) - No
Way to feed colostrum
Direct from the dam 1725 (4.0%) 1/46 (2.2%) 1.9 (0.1-31.3) 1.000 No
By a feeding tool 21/25 (84.0%) 39/46 (84.8%) 0.9 (0.2-3.6) 1.000 No
Feed frozen colostrum 7/25 (28.0%) 10/46 (21.7%) 1.4 (0.5-4.3) 0.765 No
Feed artificial colostrum 8/25 (32.0%) 14/46 (30.4%) 1.1 (0.4-3.1) 1.000 No
Way to feed milk to calves
By a dam 2/25 (8.0%) 0/45 (0.0%) 9.7 (0.4-210.0) 0.124 Yes
(If yes,) the day start milking 1.0 (n=2) N/A - No
The day end milking 1.5 (n=2) N/A - No
By a milking bucket 1/25 (4.0%) 10/45 (22.2%) 0.1 (0.0-1.2) 0.083 Yes
(If yes,) the day start milking 1.0 (n=1) 0.0 (n=10) - No
The day end milking 40.0 (n=1) 37.5 (n=10) - No
By a milking bin 24/25 (96.0%) 35/45 (77.8%) 6.9 (0.8-57.1) 0.083 Yes
(If yes,) the day start milking 1.0 (n=24) 1.0 (n=235) - No
The day end milking 9.0 (n=24) 7.0 (n=35) - No
By a bucket 6/25 (24.0%) 14/45 (31.1%) 0.7 (0.2-2.1) 0.723 No
(If yes,) the day start milking 9.0 (n=6) 8.0 (n=14) - No
The day end milking 60.0 (n=06) 60.0 (n=13) - No
Same worker takes care of calves and milking cows 17/25 (68.0%) 33/46 (71.7%) 0.8 (0.3-2.4) 0.954 No
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) infected (%) ratio (95% CI) value Offered
(If yes,) timing of taking care of calves 0.118 No
Before milking 8/17 (47.1%) 17/34 (50.0%)
After milking 8/17 (47.1%) 8/34 (23.5%)
Not decided 1/17 (5.9%) 9/34  (26.5%)
Change. gloves betwe.:en. taking care of calves 0768 No
and taking care of milking cows
Yes 1221 (57.1%) 17/36 (47.2%)
No 6/21 (28.6%) 11/36 (30.6%)
No gloves used 321 (14.3%) 8/36 (22.2%)
Change cloths between taking care of calves 200 (100%) 2536 (5.6%) 19 (02-145) 0611 No
and taking care of milking cows
Communal pastures
Use communal pastures 0.034 No
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%)
For farms which have ever used communal pastures,
Type of cows been send to the communal
pasture (multiple answers allowed)
Heifers 12/12 (100.0%)  33/38 (86.8%) - No
Dry cows 0/12  (0.0%) 0/38 (0.0%) - No
Other 2/12 (16.7%) 4/38 (10.5%) - No
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) infected (%) ratio (95% CI) value Offered
Owner of the communal pasture - No
A public organization 2/11 (18.2%) 11/29 (37.9%)
A neighbor farmer 2/11 (18.2%) 3/29 (10.3%)
An agricultural cooperative 5/11 (45.5%) 10/29 (34.5%)
Other 2/11 (18.2%) 5/29 (17.2%)
Introduction
Have ever introduced cows 13/37 (35.1%) 14/68 (20.6%) 2.1 (0.9-5.1) 0.163 Yes
Type of introduced cows (multiple answers
allowed)
Introduce non-pregnant heifers 4/37 (10.8%) 2/68 (2.9%) 4.0 (0.7-23.0) 0.181 Yes
Frequency of introduction of non-pregnant heifers 0.063 No
Every year 1/37 (2.7%) 1/68 (1.5%)
Once in two years 0/37 (0.0%) 1/68 (1.5%)
Once in five years 3/37 (8.1%) 0/68 (0.0%)
Never 33/37 (89.2%) 66/68 (97.1%)
The number of introduced non-pregnant heifers at
the latest introduction P 10.5 (n=2) 1500 (n=1) - No
Introduce pregnant heifers 5/37 (13.5%) 10/68 (14.7%) 0.9 (0.3-2.9) 1.000 No
Frequency of introduction of pregnant heifers 0.114 No
Every year 4/37 (10.8%) 4/67 (6.0%)
Once in two years 0/37 (0.0%) 5/67 (7.5%)
Once in five years 1/37 (2.7%) 0/67 (0.0%)
Never 32/37 (86.5%) 58/67 (86.6%)
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Supplementary Table S2. (continued)

Non-

Odds

p_

Variable Infected (%) . (%) . Offered
infected ratio value
The ngmber of .introduced pregnant heifers at the 50 (n=5) 35 (n=6) ~ No
latest introduction
Introduce delivered cows 8/37 (21.6%) 10/68 (14.7%) 1.6 (0.6-4.5) 0.531 No
Frequency of introduction of delivered cows 0.892 No
Every year 2/33 (6.1%) 2/67 (3.0%)
Once in two years 1/33  (3.0%) 4/67 (6.0%)
Once in five years 1/33  (3.0%) 3/67 (4.5%)
Never 29/33 (87.9%) 58/67 (86.6%)
The numl?er of introduced delivered at the latest 50 (n=8) 40 (n=5) ~ No
introduction
Introduce other cows 0/37  (0%) 0/65 (0%) 1.7 (0.0-89.8) 1.000 No
Frequency of introduction of other cows 1.000 No
Every year 0/36 (0.0%) 0/65 (0.0%)
Once in two years 0/36  (0.0%) 0/65 (0.0%)
Once in five years 0/36 (0.0%) 0/65 (0.0%)
Never 36/36 (100.0%) 65/65 (100.0%)
The numl?er of introduced other cows at the latest 300 (n=1) N/A - No
introduction
For farms which have ever used introduced cows,
Source of introduction (multiple answers
allowed)
An agricultural cooperative 12/14 (85.7%) 10/13  (76.9%) - No
A farm of an acquaintance 2/14 (14.3%) 1/13  (7.7%) - No
A group farm 0/14 (0.0%) 0/13  (0.0%) - No
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Variable Infected (%) infected (%) ratio (95% CI) value Offered
A livestock dealer 4/14 (28.6%) 1/13  (7.7%) - No
Other 1/14  (7.1%) 1713 (7.7%) - No
Most frequently introduced source
An agricultural cooperative 10/14 (71.4%) 10/13 (76.9%) - No
A farm of an acquaintance 0/14 (0.0%) 1/13  (7.7%) - No
A group farm 0/14 (0.0%) 0/13  (0.0%) - No
A livestock dealer 3/14  (21.4%) 1/13  (7.7%) - No
Other 1/14  (7.1%) 1713 (7.7%) - No
Mastitis test by Mycoplasma to cows
introduced froiln a)iivgstock market 214 (14.3%) VI3 (7.7%) - No
Mastitis test by pathogen other than
Mycoplasma to cows introduced from a 2/14 (14.3%) 2/13  (15.4%) - No
livestock market
Quarantine of introduced cows - No
Have a barn only for introduced cows 1713 (7.7%) 0/13  (0.0%)
Have a barn not only for introduced cows 3/13  (23.1%) 3/13  (23.1%)
No quarantine 9/13  (69.2%) 10/13  (76.9%)
Quarantine period - No
One day 0/3  (0.0%) 0/2  (0.0%)
Less than a week 3/3 (100.0%) 2/2 (100.0%)
A week or more 0/3  (0.0%) 072 (0.0%)
Farm workers check health condition of introduced 1020 (50.0%) 1732 (53.1%) 09 (0.3-2.7) 1.000 No

COWS
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Variable Infected (%) infected (%) ratio (95% CI) value Offered
Barns
Housing for milking cows
Tie stall 12/37 (32.4%) 46/70 (65.7%) 0.3 (0.1-0.6) 0.002 Yes
Free stall 24/37 (64.9%) 27/70 (38.6%) 2.9 (1.3-6.7) 0.017 No
Free barn 1/37 (2.7%) 0/70  (0.0%) 5.8 (0.2-145.8) 0.346 No
Rangeland 2/37 (5.4%) 5/70 (7.1%) 0.7 (0.1-4.0) 1.000 No
Other 1/37 (2.7%) 0/70  (0.0%) 5.8 (0.2-145.8) 0.346 No
Housing for dry cows
Tie stall 8/35 (22.9%) 21/67 (31.3%) 0.6 (0.3-1.7) 0.502 No
Free stall 16/35 (45.7%) 23/67 (34.3%) 1.6 (0.7-3.7) 0.363 No
Free barn 11/35 (31.4%) 15/67 (22.4%) 1.6 (0.64.0) 0.450 No
Rangeland 6/35 (17.1%) 11/67 (16.4%) 1.1 (0.4-3.1) 1.000 No
Other 1/35 (2.9%) 4/67 (6.0%) 0.5 (0.0-4.3) 0.658 No
Housing for heifers
Tie stall 4/36 (11.1%) 15/68 (22.1%) 04 (0.1-1.4) 0.268 No
Free stall 5/36  (13.9%) 5/68 (7.4%) 2.0 (0.5-7.5) 0.309 No
Free barn 24/36 (66.7%) 36/68 (52.9%) 1.8 (0.84.1) 0.255 No
Rangeland 10/36 (27.8%) 23/68 (33.8%) 0.8 (0.3-1.8) 0.683 No
Other 5/36  (13.9%) 6/68 (8.8%) 1.7 (0.5-5.9) 0.507 No
Housing for calves
One calf per pen 11/35 (31.4%) 25/68 (36.8%) 0.8 (0.3-1.9) 0.749 No
Several calves per pen 9/35 (25.7%) 23/68 (33.8%) 0.7 (0.3-1.7) 0.537 No
Hatch 13/35 (37.1%) 24/68 (35.3%) 1.1 (0.5-2.5) 1.000 No

Free barn 7/35 (20.0%) 5/68 (7.4%) 3.1 (0.9-10.8) 0.101 Yes
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Variable Infected (%) . (%) . (95% CI) Offered
infected ratio value

Rangeland 2/35 (5.7%) 4/68 (5.9%) 1.0 (0.2-5.6) 1.000 No
Other 3/35 (8.6%) 2/68 (2.9%) 3.1 (0.5-19.4) 0.334 No

Volume of bedding in the milking cow barn 0.303 No
Enough bedding 25/37 (67.6%) 36/70 (51.4%)
The floor can be seen through bedding 10/37 (27.0%) 27/70 (38.6%)
No bedding 2/37 (5.4%) 7/70  (10.0%)

Volume of bedding in the heifer barn 0.403 No
Enough bedding 17/32  (53.1%) 27/69 (39.1%)
The floor can be seen through bedding 9/32 (28.1%) 27/69 (39.1%)
No bedding 6/32 (18.8%) 15/69 (21.7%)

Volume of bedding in the calf barn 0.536 No
Enough bedding 30/33  (90.9%) 57/67 (85.1%)
The floor can be seen through bedding 3/33  (9.1%) 10/67 (14.9%)
No bedding 0/33  (0.0%) 0./67 (0.0%)

Bedding in the milking cow barn (multiple answers

allowed)
Mattress 16/37 (43.2%) 28/70 (40.0%) 1.1 (0.5-2.6) 0.906 No
Sand 1/37 (2.7%) 1/70  (1.4%) 1.9 (0.1-31.5) 1.000 No
Paper 1/37 (2.7%) 0/70  (0.0%) 5.8 (0.2-145.8) 0.346 No
Sawdust 13/37 (35.1%) 17/70 (24.3%) 1.7 (0.74.0) 0.336 No
Compost 0/37 (0.0%) 1/70 (1.4%) 0.6 (0.0-15.5) 1.000 No
Straw 14/37 (37.8%) 35/70 (50.0%) 0.6 (0.3-1.4) 0.319 No
Pasture grass 3/37 (8.1%) 2/70  (2.9%) 3.0 (0.5-18.8) 0.338 No

Chaff 3/37 (8.1%) 8/70 (11.4%) 0.7 (0.2-2.7)  0.744 No
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Variable Infected (%) . (%) . (95% CI) Offered
infected ratio value

Other 4/37 (10.8%) 11/70 (15.7%) 0.7 (0.2-2.2) 0.688 No

Bedding in the heifer barn (multiple answers

allowed)
Mattress 5/32 (15.6%) 5/60 (8.3%) 2.0 (0.5-7.6) 0.309 No
Sand 1/32 (3.1%) 2/60 (3.3%) 09 (0.1-10.7)  1.000 No
Paper 1/32 (3.1%) 1/60 (1.7%) 1.9 (0.1-31.5) 1.000 No
Sawdust 8/32 (25.0%) 11/60 (18.3%) 1.5 (0.54.2) 0.630 No
Compost 0/32  (0.0%) 2/60 (3.3%) 0.4 (0.0-7.7) 0.541 No
Straw 21/32  (65.6%) 42/60 (70.0%) 0.8 (0.3-2.0) 0.846 No
Pasture grass 3/32 (9.4%) 4/60 (6.7%) 1.4 (0.3-6.9) 0.691 No
Chaff 0/32  (0.0%) 2/60 (3.3%) 0.4 (0.0-7.7) 0.541 No
Other 2/32  (6.2%) 2/60 (3.3%) 1.9 (0.3-144) 0.608 No

Bedding in the calf barn (multiple answers allowed)
Mattress 1/33  (3.0%) 2/67 (3.0%) 1.0 (0.1-11.6) 1.000 No
Sand 0/33  (0.0%) 0/67 (0.0%) 2.0 (0.0-103.8) 1.000 No
Paper 0/33  (0.0%) 0/67 (0.0%) 2.0 (0.0-103.8) 1.000 No
Sawdust 5/33  (15.2%) 7/67 (10.4%) 1.5 (0.4-5.2) 0.524 No
Compost 0/33  (0.0%) 1/67 (1.5%) 0.7 (0.0-16.7) 1.000 No
Straw 30/33 (90.9%) 60/67 (89.6%) 1.2 (0.34.8) 1.000 No
Pasture grass 1/33  (3.0%) 5/67 (7.5%) 0.4 (0.0-3.5) 0.661 No
Chaff 0/33  (0.0%) 1/67 (1.5%) 0.7 (0.0-16.7) 1.000 No
Other 1/33  (3.0%) 0/67 (0.0%) 6.2 (0.2-157.2) 0.330 No

Scatter hydrated lime powder on bedding in the

0 V) _
milking cow barn 20137 (54.1%)  29/70 (41.4%) 1.7 (0.7-3.7)  0.297 No
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Variable Infected (%) infected (%) ratio (95% CI) value Offered
Scatter hydrated lime powder on bedding in the 2037 (54.1%)  29/70 (41.4%) 1.7 (0.7-3.7) 0297 No
milking cow barn
(If yes,) frequency of use - No
Daily or more 7/19  (36.8%) 12/23  (52.2%)
Weekly or more 7/19  (36.8%) 3723 (13.0%)
Monthly or more 4/19 (21.1%) 5/23 (21.7%)
Yearly or more 0/19  (0.0%) 1723 (4.3%)
Less frequently 1/19 (5.3%) 2/23  (8.7%)
Frequency of changing bedding in the milking barn 0708 No
in summer
Daily or more 16/32 (50.0%) 38/64 (59.4%)
Weekly or more 10/32  (31.2%) 18/64 (28.1%)
Monthly or more 4/32 (12.5%) 5/64 (7.8%)
Less frequently 2/32 (6.2%) 3/64 (4.7%)
Freqpency of changing bedding in the milking barn 0370 No
1n winter
Daily or more 16/32  (50.0%) 41/65 (63.1%)
Weekly or more 11/32 (34.4%) 17/65 (26.2%)
Monthly or more 5/32 (15.6%) 5/65 (7.7%)
Less frequently 0/32 (0.0%) 2/65 (3.1%)
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Variable Infected (%) o (6 e (©@s%CD P Offered

Frequency of changing bedding in the heifer barn in 0633 No
summer

Daily or more 7/28 (25.0%) 20/58 (34.5%)

Weekly or more 15/28 (53.6%) 22/58 (37.9%)

Monthly or more 4/28 (14.3%) 10/58 (17.2%)

Less frequently 2/28 (7.1%) 6/58 (10.3%)
Fr.equency of changing bedding in the heifer barn in 0633 No
winter

Daily or more 7/28 (25.0%) 20/58 (34.5%)

Weekly or more 15/28 (53.6%) 22/58 (37.9%)

Monthly or more 4/28 (14.3%) 10/58 (17.2%)

Less frequently 2/28 (7.1%) 6/58 (10.3%)
Frequency of changing bedding in the calf barn in 0763 No
summer

Daily or more 7/29 (24.1%) 21/66 (31.8%)

Weekly or more 19/29 (65.5%) 35/66 (53.0%)

Monthly or more 3/29 (10.3%) 9/66 (13.6%)

Less frequently 0/29 (0.0%) 1/66 (1.5%)
Fr'equency of changing bedding in the calf barn in 0698 No
winter

Daily or more 7/29 (24.1%) 21/66 (31.8%)

Weekly or more 19/29 (65.5%) 35/66 (53.0%)

Monthly or more 3/29 (10.3%) 8/66 (12.1%)

Less frequently 0/29 (0.0%) 2/66  (3.0%)
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Variable Infected (%) infected (%) ratio (95% CI) value Offered
Frequenc;y of removing manure in the milking cow 20 (n=27) 30 (n=47) 038 No
barn (_ times per day)
Frequency of removing manure in the heifer barn 0.765 No
Daily or more 17/30 (56.7%) 34/58 (58.6%)
Weekly or more 10/30 (33.3%) 15/58 (25.9%)
Monthly or more 3/30 (10.0%) 6/58 (10.3%)
Less frequently 0/30 (0.0%) 3/58 (5.2%)
Frequency of removing manure in the calf barn 0.577 No
Daily or more 8/30 (26.7%) 23/65 (35.4%)
Weekly or more 19/30 (63.3%) 33/65 (50.8%)
Monthly or more 3/30  (10.0%) 9/65 (13.8%)
Regular disinfection in the milking cow barn 15/35 (42.9%) 33/68 (48.5%) 0.8 (0.3-1.8) 0.735 No
(If yes,) frequency of disinfection - No
Weekly or more 2/12 (16.7%) 127 (3.7%)
Monthly or more 5/12 (41.7%) 14/27 (51.9%)
Yearly or more 512 (41.7%) 12/27 (44.4%)
Less frequently 0/12  (0.0%) 0/27 (0.0%)
Type of disinfectant used (description
question)
Outsourced to an agricultural cooperative 3/12 (25.0%) 12/23  (52.2%) - No
Chlorine disinfectant 3/12 (25.0%) 3/23  (13.0%) - No
Invert soap 3/12 (25.0%) 6/23 (26.1%) - No
Hydrated lime 2/12 (16.7%) 2/23  (8.7%) - No
Regular disinfection in the heifer barn 13/33  (39.4%) 20/63 (31.7%) 1.4 (0.6-3.4) 0.601 No




Gel

Supplementary Table S2. (continued)

Variable Infected (%) o (6 e (©@s%CD P Offered
(If yes,) frequency of disinfection - No
Weekly or more 2/11 (18.2%) 0/18 (0.0%)
Monthly or more 3/11 (27.3%) 10/18 (55.6%)
Yearly or more 5/11 (45.5%) 8/18 (44.4%)
Less frequently /11 (9.1%) 0/18 (0.0%)
Type of disinfectant used (description
question)
Outsourced to an agricultural cooperative 0/6  (0.0%) 2/11 (18.2%) - No
Chlorine disinfectant 3/6 (50.0%) 0/11 (0.0%) - No
Invert soap 1/6  (16.7%) 3/11 (27.3%) - No
Hydrated lime 3/6  (50.0%) 4/11 (36.4%) - No
Regular disinfection in the calf barn 20/29  (69.0%) 31/61 (50.8%) 2.2 (0.8-5.5) 0.163 No
(If yes,) frequency of disinfection - No
Weekly or more 5/17 (29.4%) 827 (29.6%)
Monthly or more 8/17 (47.1%) 8/27 (29.6%)
Yearly or more 1/17 (5.9%) 10/27 (37.0%)
Less frequently 3/17 (17.6%) 1727 (3.7%)
Type of disinfectant used (a description type
question)
Outsourced to an agricultural cooperative 0/10 (0.0%) 1/20  (5.0%) - No
Chlorine disinfectant 1/10 (10.0%) 1/20  (5.0%) - No
Invert soap 2/10 (20.0%) 1/20  (5.0%) - No
Hydrated lime 5/10 (50.0%) 12/20 (60.0%) - No
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Variable Infected (%) o (6 e (©@s%CD P Offered

Water supply equipment in the milking cow barn

Water tank 6/7 (85.7%) 6/16 (37.5%) - No

Water cup 1/7 (14.3%) 12/16 (75.0%) - No
Frequency of cleaning the water supply equipment 0393 No
in the milking cow barn '

Daily or more 4/27 (14.8%) 4/55 (7.3%)

Weekly or more 14/27 (51.9%) 22/55 (40.0%)

Monthly or more 3727 (11.1%) 14/55 (25.5%)

Less frequently 327 (11.1%) 10/55 (18.2%)

When it get dirty 3727 (11.1%) 5/55 (9.1%)
Water supply equipment in the heifer barn

Water tank 3/4 (75.0%) 8/13 (61.5%) - No

Water cup 2/4 (50.0%) 5/13  (38.5%) - No
Frequency of cleaning the water supply equipment 0594 No
in the heifer barn '

Daily or more 2/32 (6.2%) 7/68 (10.3%)

Weekly or more 13/32  (40.6%) 20/68 (29.4%)

Monthly or more 6/32 (18.8%) 17/68 (25.0%)

Less frequently 5/32 (15.6%) 16/68 (23.5%)

When it get dirty 6/32 (18.8%) 8/68 (11.8%)
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Variable Infected (%) infected (%) ratio (95% CI) value Offered

Water supply equipment in the calf barn - No

Water tank 0/9 (0.0%) 5/24 (20.8%)

Water cup 4/9 (44.4%) 4/24 (16.7%)

Bucket 4/9 (44.4%) 8/24 (33.3%)

No equipment 1/9 (11.1%) 7/24  (29.2%)
frequency of cleaning the water supply equipment 0.968 No
in the calf barn

Daily or more 10/29 (34.5%) 20/56 (35.7%)

Weekly or more 9/29 (31.0%) 14//56 (25.0%)

Monthly or more 3/29 (10.3%) 8/56 (14.3%)

Less frequently 4/29 (13.8%) 9/56 (16.1%)

When it get dirty 3/29 (10.3%) 5/56  (8.9%)
Use machinery ventilation in the milking cow barn 30/37 (81.1%) 45/70 (64.3%) 24 (0.9-6.2) 0.113 Yes
Use machinery ventilation in the heifer barn 8/35 (22.9%) 10/66 (15.2%) 1.7 (0.6-4.7) 0.490 No
Use machinery ventilation in the calf barn 14/32  (43.8%) 12/62  (19.4%) 3.2 (1.3-8.3) 0.024 Yes

Hygiene management during heavy snow
Remember the condition of hygiene management in
the farm from the end of February to early March in 21/37 (56.8%) 37/70  (52.9%) 1.2 (0.5-2.6) 0.856 No
2015 when heavy snow fell
Volume of ventilation was decreased in the period

0, o -
compared with usual winter in the milking cow barn 37 (17.6%) 1229 (41.4%) No
Volume of ventilation was decreased in the period o o
compared with usual winter in the heifer barn 314 (21.4%) 1225 (48.0%) - No
Volume of ventilation was decreased in the period 315 (20.0%) 923 (39.1%) -~ No

compared with usual winter in the calf barn
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Variable

Infected

(%)

Non-
infected

(%)

Odds
ratio

(95% CI)

p_

value

Offered

Volume of ventilation was decreased in the period
compared with usual winter in other barns
Frequency of removing manure was decreased in
the period compared with usual winter in the
milking cow barn

Frequency of removing manure was decreased in
the period compared with usual winter in the heifer
barn

Frequency of removing manure was decreased in
the period compared with usual winter in the calf
barn

Frequency of removing manure was decreased in
the period compared with usual winter in other
barns

Frequency of changing bedding was decreased in
the period compared with usual winter in the
milking cow barn

Frequency of changing bedding was decreased in
the period compared with usual winter in the heifer
barn

Frequency of changing bedding was decreased in
the period compared with usual winter in the calf
barn

Frequency of changing bedding was decreased in
the period compared with usual winter in other
barns

0/8

5/18

7/18

6/18

1/9

3/15

3/14

4/15

0/8

(0.0%)

(27.8%)

(38.9%)

(33.3%)

(11.1%)

(20.0%)

(21.4%)

(26.7%)

(0.0%)

2/6

10/30

23/32

15/25

5/8

7/26

19/28

12/22

4/7

(33.3%)

(33.3%)

(71.9%)

(60.0%)

(62.5%)

(26.9%)

(67.9%)

(54.5%)

(57.1%)

No

No

No

No

No

No

No

No
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Variable Infected (%) infected (%) ratio (95% CI) value Offered
Movement record
I])“é)rtia(}dnumber of cows belonged the farm in the 88.0 (n=37) 750 (n=67) 0.163 No
Have ever moved cows from their home farms 27/37 (73.0%) 52/67 (77.6%) 0.8 (0.3-2.0) 0.772 No
g;lifngropoﬂlon of moved cows from their home 0.04 (n=37) 025 (n=67) 0031 No
Have ever moved calves from their home farms 24/37 (64.9%) 46/67 (68.7%) 0.8 (0.4-2.0) 0.860 No
};I;;Eroportlon of moved calves from their home 0.02 (n=37) 0.06 (n=67) 0.133 No
Have ever introduced cows 17/36 (47.2%) 28/64 (43.8%) 1.2 (0.5-2.6) 0.900 No
The proportion of introduced cows 0.00 (n=32) 0.00 (n=060) 0.698 No
Have ever introduced cows from livestock markets 12/32  (37.5%) 21/60 (35.0%) 1.1 (0.5-2.7) 0.992 No
3;11:; 11.’Jert(;por‘uon of introduced cows from livestock 0.00 (n=32) 0.00 (n=59) 0.891 No
Have ever introduced cows from other farms 9/32 (28.1%) 16/60 (26.7%) 1.1 (0.4-2.8) 1.000 No
The proportion of introduced cows from other farms 0.00 (n=32) 0.00 (n=59) 0.868 No
Have ever used communal pastures 22/37 (59.5%) 49/67 (73.1%) 0.5 (0.2-1.3) 0.225 No
The proportion of cows which have been sent to 001 (n=37) 011 (n=67) 0.006 No

communal pastures

Have cows which had ever been at livestock
markets

The proportion of cows which have ever been at 0.00 (n=37) 0.00 (n=67) 0916 No
livestock markets

Mean number of movements for all cows 04 (n=37) 0.8 (n=67) 0.020 No
Mean number of movements for moved cows 24 (n=27) 23 (n=152) 0.950 No

15/37 (40.5%)  24/67 (358%) 1.2 (0.5-2.8)  0.791 No




Supplementary Table S2. (continued)

Variable Infected (%) m?g:e TS ?a‘:idos ©s%cy P Offered
Median number of movements for all cows 0.2 (n=37) 0.5 (n=67) 0.071 No
Median number of movements for moved cows 22 (n=27) 22 (n=52) 0.597 No
Mean age of the first movement (day) 295.0 (n=27) 3649 (n=152) 0.324 No
Median age of the first movement (day) 335.0 (n=27) 380.0 (n=152) 0.271 No
Mean age of the last movement (day) 587.6 (n=27) 560.2 (n=52) 0.675 No
Median age of the last movement (day) 625.0 (n=27) 598.8 (n=152) 0.698 No

‘Offered’ column indicates whether the variable was offered to multivariable analysis.

- in the p-value column means that these variables were not analyzed due to lack of sample size.

N/A means there was no data.



Supplementary Table S3. List of cow-level variables and results of the univariable analysis
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Variable Infected (%) infected (%) Ratio (95% CI) value Offered
Movement record
Have ever moved from its home farm 11/42  (26.2%) 25/107 (23.4%) 1.6 (0.4-6.7) 0.516 No
Have ever moved when it was a calf 0/24 (0.0%) 5107 (4.7%) 0.998 No
The number of movements 0.0 (n=42) 0.0 (n=107) 0.540 No
Age of the first movement (day) 676.0 (n=11) 559.0 (n=25) 0.203 No
Age of the last movement (day) 726.0 (n=11) 719.0 (n=25) 0.252 No
Mean age of movements (day) 678.3 (n=11) 639.0 (n=25) 0.223 No
Have introduced 11/42  (26.2%) 22/97 (22.7%) 1.5 (0.54.7) 0517 No
Source of introduction 3.2 (0.3-36.6) 0.325 No
Livestock markets 3/5 (60.0%) 1/9 (11.1%)
Farms 2/5 (40.0%) 8/9 (88.9%)
Have ever been at livestock markets 5/35 (14.3%) 3/95 (3.2%) 3.0 (0.3-33.5) 0.019 Yes
Have been sent to a communal pasture 6/38 (15.8%) 15/101 (14.9%) 8.9 (1.0-78.3) 0.347 No
Dairy herd test record
Milk yield
Milk yield at the test day (kg) 340 (n=42) 30.2 (n=107) 0.015 Yes
Milk yield for 305 days (kg) 9875.0 (n=42) 9564.0 (n=107) 0.082 No
Milk yield in the lactation (kg) 3362.0 (n=42) 2828.0 (n=107) 0.479 No
Peak daily milk yield in the lactation (kg) 40.0 (n=42) 39.5 (n=107) 0.090 No
Adjusted daily milk yield (Solid corrected milk yield
adjusted to a cow which is in the second parity, 281 (n=42) 276 (n=107) 0192 No

delivered on April and whose days in milking is 150)
(kg)
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Variable Infected (%) infected (%) Ratio (95% CI) value Offered
Adjusted 305 days milk yield (305 days milk yield
adjusted to a cow which is 72 months old, delivered 10943.5 (n=42) 10733.0 (n=107) 0.095 No
on April, and is milked twice per day) (kg)
Expected daily milk yield for next 12 months (kg) 324 (n=42) 322 (n=107) 0.054 No
Milk components
Fat concentration at the test day (%) 39 (n=42) 41 (n=107) 0.590 No
Average fat concentration for 305 days (%) 4.0 (n=42) 4.1 (n=107) 0.305 No
Average fat concentration in the lactation (%) 4.1 (n=42) 41 (n=107) 0.369 No
I(;Ia(;ni(t)‘/ao‘; milk solids (SNF) concentration at the test 88 (n=42) 87 (n=107) 0241 Yes
Average SNF concentration for 305 days (%) 8.8 (n=42) 8.8 (n=107) 0.275 No
Average SNF concentration in the lactation (%) 8.8 (n=42) 8.8 (n=107) 0.233 No
Protein concentration at the test day (%) 32 (n=42) 32 (n=107) 0.453 No
Average protein concentration for 305 days (%) 32 (n=42) 3.3 (n=107) 0.267 No
Average protein concentration in the lactation (%) 32 (n=42) 32 (n=107) 0.293 No
Milk urea nitrogen concentration at the test day 120 (n=42) 11.6 (n=107) 0.064 Yes
(mg/dl)
Somatic cell count
Somatic cell count (x1,000) 46.0 (n=42) 43.0 (n=107) 0.823 No
Linear score 2.0 (n=42) 2.0 (n=107) 0.718 No
The number of months with linear score >5 in the 0.0 (n=42) 0.0 (n=107) 0.674 No

lactation




evl

Supplementary Table S3. (continued)

Non-

Odds p-

Variable Infected (%) infected (%) Ratio (95% CI) value Offered
Delivery

Days in milking - No

<80 19/42 (45.2%) 50/107 (46.7%)
80159 11/42 (26.2%) 28/107 (26.2%)
160-239 9/42 (21.4%) 20/107 (18.7%)

> 240 3/42 (7.1%) 9/107 (8.4%)

Pregnancy status Yes
Before the first service 17/42 (40.5%) 51/107 (47.7%) -
Artificial insemination (AI) was conducted 15/42 (35.7%) 26/107 (24.3%) 0.122
Failed to conceive 10/42 (23.8%) 30/107 (28.0%) 0.680

Calving interval (day) 368.5 (n=30) 397.5 (n=74) 0.463 No

The number of Al conducted 1.0 (n=42) 1.0 (n=107) 0.888 No

Period from the last Al (day) 40.0 (n=25) 39.5 (n=156) 0.997 No

Period from the last delivery to the first Al (day) 82.0 (n=25) 95.5 (n=156) 0.311 No

Age at the last delivery (month) 48.0 (n=42) 44.0 (n=107) 0.737 No

Difficulty of the last delivery (1 (easy)—5 (difficult)) 1.0 (n=42) 1.0 (n=107) 0.473 No

Type of last delivery No
Singleton 40/42 (95.2%) 90/107 (84.1%) -
Multiplets 2/42  (4.8%) 6/107 (10.3%) 0.686
Stillbirth or abortion 0/42  (0.0%) 11/407 (10.3%) 1.000

Cow profile

Body weight (kg) 590.0 (n=23) 569.0 (n=7) - No

Age (month) 51.5 (n=42) 50.0 (n=107) 0.782 No

Concentrates fed (kg) 13.2 (n=42) 11.1 (n=107) 0.087 Yes




Supplementary Table S3. (continued)

Non- Odds p-

124!

] 0 0 0
Variable Infected (%) infected (%) Ratio (95% CI) value Offered
Clinical record

Respiratory disease—pneumonia—Mycoplasma 0/42  (0.0%) 0/107 (0.0%) - No
Respiratory disease—pneumonia—bacteria 5/42 (11.9%) 14/107 (13.1%) 1.0 (0.2-4.1) 1.000 No
]E);zf:rsiz of udder and teat—peracute mastitis—other 142 (2.4%) 3107 (2.8%) 0.5 (0.0-45) 0503 No
D1.sease of udder and teat—peracute mastitis—other 042 (0.0%) 0/107 (0.0%) _ No
microbe
pisease oftudder and teat-acute mastitis-other 13/42 (31.0%) 15/107 (140%) 2.8 (1.1-74) 0.037 Yes
Disease of udder and teat-acute mastitis-other 542 (11.9%)  8/107 (7.5%) 1.6 (0.5-54) 0454 No
E;zf;siz of udder and teat—chronic mastitis—other 142 (2.4%) 4107 (3.7%) 0.5 (0.0-5.0) 0.548 No
Dl‘sease of udder and teat—chronic mastitis—other 0/42 (0.0%) 3107 (2.8%) 0.998 No
microbe
]Ij)lseage of udder and teat—subclinical mastitis—other 0/42 (0.0%) 0107 (0.0%) ~ No

acteria
Dl‘sease of udder and teat—subclinical mastitis—other 042 (0.0%) 0107 (0.0%) ~ No
microbe
1tI))lseas.e of udder and teat—mastitis in dry period—other 042 (0.0%) 0/107 (0.0%) _ No

acteria
D1'sease of udder and teat—mastitis in dry period—other 042 (0.0%) 0107 (0.0%) _ No
microbe
Disease of udder and teat—mastitis in heifer—other 042 (0.0%) 0107 (0.0%) _ No

bacteria




Supplementary Table S3. (continued)

. Non- Odds p-
0 0 0
Variable Infected (%) infected (%) Ratio (95% CI) value Offered

D1.sease of udder and teat—mastitis in heifer—other 042 (0.0%) 01107 (0.0%) ~ No
microbe

Disease of sensory organ—otitis media 0/42  (0.0%) 0/107 (0.0%) - No
Disease of limb—arthritis—infectious 0/42  (0.0%) 4/107 (3.7%) 0.998 No
Dlsegge by bacteria or fungus—bovine Mycoplasma 042 (0.0%) 01107 (0.0%) ~ No
mastitis

Dlsea§e by bachrla or fungus—other Mycoplasma 042 (0.0%) 01107 (0.0%) -~ No
infection—arthritis

Disease by bacteria or fungus—other Mycoplasma 042 (0.0%) 01107 (0.0%) -~ No

infection—other

‘Offered’ column indicates whether the variable was offered to multivariable analysis.

- in the p-value column means that these variables were not analyzed.



Supplementary Material S4. Questionnaire used for the first survey.
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Questionnaire for an epidemiological survey of Mycoplasma mastitis
in Nemuro region

Nemuro Mycoplasma Mastitis Control Committee
Rakuno Gakuen University
November 12, 2015

Please

There are many cases of Mycoplasma mastitis in Nemuro and neighboring region in this year. We are
investigating the cause by survey to both case farms and randomly selected non-case farms. Our aim is to
reveal the way how to prevent the disease by comparing case farms and non-case farms. We would
appreciate if you could join the survey.

Please give your signature if you could join the survey. The result will be analyzed at Rakuno Gakuen
University with a state in which the respondent can’t be identified. Please rest assured that we certainly
protect your personal information. About answers of the survey, we will never disclose any information by
which a person or a company could be identified, so please rest assured to answer questions.

This page will be stored at the Nemuro Mycoplasma Mastitis Control Committee. The following pages
will be handed to a person to enter the data.

Your signature:

Date: Year Month Day

Interviewer: (Name of a worker of a agricultural cooperative)

ID for management (It will be entered at the committee and managed):
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1. Please tell us about your knowledge and experience about ID for management:
Mycoplasma.

(1) Have you ever head the name of a bacterium, Mycoplasma?
Yes[ ] No[ ]
Note: If you answered “yes” to the previous question, please answer the questions in this box.
® Do you know that Mycoplasma cause not only mastitis but also disease for calves in
their nose, lung, or joints? Yes[ ] No[ ]
® Do you knows that Mycoplasma transmit from a calf to a dam by human hands?
Yes[ ] No[ ]
® Have you ever considered possibility of Mycoplasma infection in a case of clinical
mastitis when no bacteria were isolated?

Yes[ ] No[ ]

(2) Have you experienced Mycoplasma mastitis within two years in the farm? Yes[ ] No[ ]
Note: If you answered “yes,” please answer the questions in the following parentheses.

(When: Species: The number of cows: Others: )
(3) Have you experienced Mycoplasma mastitis within two years in group farms (farms which are
owned by the same person)? Yes[ ] No[ ]
Note: If you answered “yes,” please answer the questions in the following parentheses.
(When: Species: The number of cows: Others: )

(4) Do you know frequent occurrence of Mycoplasma mastitis in neighborhood recently?
Yes[ ] No[ ]

( )
(5) Have you changed hygiene management after Mycoplasma infection in the farm or in the
neighborhood? Yes[ ] No[ ]

Note: If you answered “yes,” please tell us detail of the change.
_

~

Note: If you have ever found Mycoplasma mastitis by clinical symptom, please answer the
questions in this box.
(6) Please tell us clinical symptom you found

[ ] You found the mastitis by clinical symptom in this case.

( )
[ ] You found the mastitis by clinical symptom within two years.
( )
2. Please tell us about your farm.
(1) Type of business
® Family-run[ ] Cooperative [ ]
( )
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2. (Continued) ID for management:
® Dairyonly[ ] Mixed (e.g. beef farming, field farming) [ ]

Note: If you answered “mixed,” please tell us the detail.  ( )
Note: If you keep beef cows, are you keeping them in the same site with dairy
cows?
Yes[ ] Nol ]
( )
® The number of workers (including the owner)
( )
(2) Experience about dairy business
® When was the farm opened? Year
( )
® When did the current owner start to work at the farm? Year
( )

3. Please tell us about your milking cows.

(1) Please tell us the number of cows.

® Milking cows (Milking cows except for cows in dry period)

® Drycows
(2) Please tell us type of housing.
[ ® Milking cows

Tied[ ] Freestall[ ] Freebarn[ ] Rangeland] ] Others[ ]
| (Detail )
[ ® Do you keep dry cows together with milking cows? Yes[ ] No[ ]
Note: If you answered “no,” please answer the next question.

1 ® Please tell us the type of housing for dry cows.
Tied[ ] Freestall][ ] Freebarn|[ ] Rangeland[ ] Others|[ ]
L (Detail )
Note: If you keep cows in a free-stall barn, please answer the questions in the box about
equipment in the free stall barn.

® Milking parlor Have[ ] Donothave[ ]
®  Backflush system in milking system Have[ ] Donothave[ ]
® Milking robot Have[ ] Donothave[ ]

(3) Do you practice vaccination against respiratory disease in milking cows?
Yes[ ] No[ ] Notsure[ ]
( )
(4) Is there enough bedding in bed for milking cows?
Nobedding[ ] Have bedding over the bed, but floor can be seen through it [ ]
Enough bedding over the bed [ ]

( )
(5) What type of bedding used in the milking cow barn? (Please check all that used in the milking
cow barn.)
Mattress[ ] Sand[ ] Paper[ ] Sawdust[ ] Compost][ ] Straw[ ]
Other [ ]
( )
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3. (Continued) ID for management:

(6) Do you use hydrated lime on the bedding in the milking cow barn? Yes[ ] No[ ]
( )
Note: If you answered “yes,” please answer the next question.

How frequently do you scatter hydrated lime powder?
times/day[ ] __ times/week|[ ] __ times/month[ ]
Less frequently [ ]
( )

(7) Please tell us frequency of changing the bedding in the milking cow barn.

®  In summer or year-round
times/day [ ] times/week [ ] times/month [ ]
Less frequently [ ]
® In winter
_ times/day[ ] __ times/week[ ] ___ times/month[ ]
Less frequently [ ]
( )

(8) Please tell us the frequency of removing manure in the milking cow barn.

As same as the frequency of changing the bedding [ ]

Different from the frequency of changing the bedding [ ]

Note: If you answered “different,” please answer the frequency in below
_ times/day[ ] __ times/week[ ] __ times/month[ ]
Less frequently [ ]

(

(9) Do you regularly disinfect the milking cow barn? Yes[ ] Nol

Note: If you answered “yes,” please answer the questions in this box.
® Please tell us the frequency of the disinfection.

times/week [ ] times/month [ ] times/year [ ]
Less frequently [ ]
® Please tell us the detail of the disinfection.
( )

(10) How frequently do you clean water tanks or water cups in the milking cow barn?

®  Water tank / Water cup (Circle one of them)
times/day [ ] times/week [ ] times/month [ ]
Less frequently [ ]
(Detail )

(11) Which is applicable about situation of ventilation of the milking cow barn?

Opening and closing of windows and doorsonly[ ] Fans[ ] Openbamn[ ]
Tunnel ventilation [ ]
( )

(12) Do you take preventive measures against intrusion of wild animals in the milking cow barn?

Yes[ ] No[ ]
(Detail )

— —

4. Please tell us about milking procedure conducted in your farm.

(1) Please tell us about milking procedures.

® Do you use towels to wipe teats? Yes[ ] No[ ] Onlypapertowels are used [ ]
( )
Note: If you answered “yes,” please answer the questions in this box.
® Do you prepare one towel per cow? Yes[ ] No[ ]
( )
® Do you dip towels to disinfectant? Yes[ ] No[ ]
( )
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4. (Continued) ID for management:

® Do you especially consciously wipe teat openings? Yes[ ] No[ ]
( )
® Do you wipe teats by paper towels after using a cloth towel? Yes[ ] No[ ]
( )
® Do you do pre-dipping? Yes[ ] No[ ]
( )
® Do you do post-dipping? Yes[ ] No[ ]
( )
(2) Please tell us about milking equipment.

® Do you use a cart to convey milking equipment? Yes[ ] No[ ]
( )
® Do you use a strip cup? Yes[ ] No[ ]
( )
® Do you actively call veterinarians when you find an abnormality by the strip cup?

Yes[ ] No[ ]
( )
® Do you actively call veterinarians when you find an abnormality by PL test?

Yes[ ] No[ ]
( )
® Do you use adequately disinfected milking equipment? Yes[ ] No[ ]
( )
® Do you disinfect milking equipment after milking? Yes[ ] No[ ]
( )
® Do you disinfect milking equipment before milk a next cow? Yes[ ] No[ ]
( )

(3) Please tell us about handling of milking cows with an abnormality.
® Do you milk a cow with high somatic cell count last? Yes[ ] No[ ]
( )
® Do you milk mastitis cows last? Yes[ ] No[ ]
( )
® Do you conduct mastitis test by pathogen other than Mycoplasma after the first calving of a
home-bread heifer? Yes[ ] No[ ]

( )
® Do you conduct mastitis test by Mycoplasma after the first calving of a home-bread heifer?

Yes[ ] No[ ]
( )
® Do you conduct a self-imposed test of Mycoplasma with bulk tank milk? Yes[ ] No[ ]
( )
® Do you disinfect milking units after the first calving of a cow until the result of Mycoplasma test

is available? Yes[ ] No[ ]

( )
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5. Please tell us about management of your heifers (2 4 month old). ID for management:

(1) Please tell us the number of heifers.

( )
(2) Please tell us type of housing.

Tied[ ] Freebarn[ ] Rangeland [ ] Others [ ]

(Detail )
® Do you keep heifers together with milking cows? Yes[ 1] No[ ]
Note: If you keep heifers and milking cows in different barns, please answer the questions in this
box.

(3) Do you regularly disinfect the heifer barn? Yes[ ] No[ ]

Note: If you conduct disinfection of the barn, please answer the questions in this box.
® Please tell us the frequency of the disinfection.
times/week [ ] times/month [ ]
times/year [ ] Less frequently [ ]
® Please tell us the detail of the disinfection.
( )
(4) Which is applicable about situation of ventilation of the heifer barn?
Opening and closing of windows and doorsonly[ ] Fans[ ] Openbarn|[ ]
Tunnel ventilation [ ]
( )
(5) Do you take preventive measures against intrusion of wild animals in the heifer barn?
Yes[ ] No[ ]
(Detail )
(6) Do you practice vaccination against respiratory disease in heifers?
Yes[ ] No[ ] Notsure[ ]
( )
(7) Is there enough bedding in bed for heifers?
Nobedding[ ] Have bedding over the bed, but floor can be seen through it [ ]
Enough bedding over the bed [ ]
( )
(8) What type of bedding used in the heifer barn? (Please check all that used in the heifer barn.)
Mattress[ | Sand[ ] Paper[ ] Sawdust[ ] Compost][ ] Straw[ ]
Other [ ]
( )
(9) Please tell us frequency of changing the bedding in the heifer barn.
®  In summer or year-round
times/day [ ] times/week [ ] times/month [ ]
Less frequently [ ]
® [n winter
times/day [ ] times/week [ ] times/month [ ]
Less frequently [ ]
( )
(10) Please tell us the frequency of removing manure in the heifer barn.
As same as the frequency of changing the bedding [ ]
Different from the frequency of changing the bedding [ ]
Note: If you answered “different,” please answer the frequency in below
_ times/day[ ] __ times/week|[ ] __ times/month[ ]
Less frequently [ ]
( )
(11) How frequently do you clean water tanks or water cups in the heifer barn?
®  Water tank / Water cup (Circle one of them)
times/day [ ] times/week [ ] times/month [ ]
Less frequently [ ]
(Detail )
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6. Please tell us about management of your calves (= 4 month old). ID for management:

(1) Please tell us the number of calves.

( )
(2) Please tell us type of housing.

Onecalfperpen| ] Severalcalvesperpen|[ ] Hatch[ ] Freebarn[ |

Rangeland[ ] Other[ ]

(Detail

® Do you keep calves together with milking cows? Yes[ ] No[ ]
Note: If you keep calves and milking cows in different barns, please answer the questions in this
box.

(3) Do you regularly disinfect the calf barn? Yes[ ] No[ ]

Note: If you conduct disinfection of the barn, please answer the questions in this box.
® Please tell us the frequency of the disinfection.
times/week [ ] times/month [ ]
times/year[ ]  Less frequently [ ]
® Please tell us the detail of the disinfection.
( )
(4) Which is applicable about situation of ventilation of the calf barn?
Opening and closing of windows and doorsonly[ ] Fans[ ] Openbarn|[ ]
Tunnel ventilation [ ]
( )
(5) Do you take preventive measures against intrusion of wild animals in the calf barn?
Yes[ ] No[ ]
(Detail )
(6) Do you practice vaccination against respiratory disease in calves?
Yes[ ] No[ ] Notsure[ ]
(Detail )
(7) Is there enough bedding in bed for calves?
Nobedding[ ] Have bedding over the bed, but floor can be seen through it [ ]
Enough bedding over the bed [ ]
( )
(8) What type of bedding used in the calf barn? (Please check all that used in the calf barn.)
Mattress[ | Sand[ ] Paper[ ] Sawdust[ ] Compost[ ] Straw[ ]
Other [ ]
( )
(9) Please tell us frequency of changing the bedding in the calf barn.
®  In summer or year-round
times/day [ ] times/week [ ] times/month [ ]
Less frequently [ ]
® In winter
times/day [ ] times/week [ ] times/month [ ]
Less frequently [ ]
( )
(10) Please tell us the frequency of removing manure in the calf barn.
As same as the frequency of changing the bedding [ ]
Different from the frequency of changing the bedding [ ]
Note: If you answered “different,” please answer the frequency in below
_ times/day[ ] __ times/week[ ] __ times/month[ ]
Less frequently [ ]
( )
(11) How frequently do you clean water tanks or water cups in the calf barn?
®  Water tank / Water cup (Circle one of them)
_ times/day[ ] __ times/week[ ] __ times/month[ ]
Less frequently [ ]
(Detail )
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7. Please tell us about use of communal pastures. ID for management:

(1) Do you use communal pastures?

Use from several years ago[ ]  Have started to use from this year [ ]

Have used before (two to five yearsago)[ ] Neverused|[ ]

( )
Note: If you answered other than “never used” communal pastures, please answer the following questions.
(2) Please tell us the owner of the communal pasture you use.

A public organization such as city[ | A neighborhood farmer [ ]

Other ( )[ ]

(3) Please tell us type of cows you send or have sent to the communal pasture. (Check all that apply)

Heifers[ ] Drycows|[ ] Others|[ ]

8. Please tell us about introduction of cows.

(1) Please answer farm situation about introduction and write the number of introduced cows in
the most recent year which you introduced cows.

Non-pregnant heifers[ ]: Everyyear[ ] Onceintwo years| ]
Onceinfiveyears[ ] Never[ |
The number of cows

Pregnant heifers [ ]: Everyyear[ ] Onceintwo years| ]
Onceinfiveyears[ ] Never[ |
The number of cows

Delivered cows [ ]: Everyyear[ ] Onceintwo years| ]
Onceinfiveyears[ ] Never[ |
The number of cows

Other[ ]: Everyyear[ ] Onceintwo years| ]

( ) Onceinfiveyears[ ] Never[ ]
The number of cows

Note: If you introduce cows, please answer the following questions.

(2) Which is source of the introduction? (Multiple answers allowed)
Agricultural cooperative [ ]  Farm of an acquaintance [ ]  Group farm|[ |
Livestock dealer[ ]  Other ( )]

( )
(3) Which is the most frequently introduced source? (Check one from which most frequently
introduced)

Agricultural cooperative[ |  Farm of an acquaintance[ ]  Group farm|[ |
Livestock dealer [ ] Other(___ )[ ]
( )
(4) Do you conduct mastitis test by Mycoplasma to cows introduced from a livestock market?
Yes[ ] No[ ]

( )

(5) Do you do mastitis test by pathogen other than Mycoplasma to cows introduced from a livestock
market? Yes[ ] No[ ]

( )

(6) Do you have quarantine facility for introduced cows?
Have a barn only for introduced cows [ ]  Have a barn not only for introduced cows [ ]
No quarantine [ ]
Note: If you do quarantine, how long do you quarantine and observe introduced cows?
Oneday|[ ] Lessthanaweek|[ ] Aweekormore[ ]

( )
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9. Please tell us about hygiene management in your farm.

ID for management:

(1) Do you have a power sprayer to disinfect vehicles which enter the farm?

(

(2) Do you set and apparently divide a sanitation control zone?

(

(3) Do workers wear dedicated clothes in the sanitation control zone?

(

(4) Do you and workers park vehicles outside of the sanitation control zone when coming to work?

(

Yes[ ] No[ ]
Yes[ ] Nol %
Yes[ ] Nof %

)
Yes[ ] Nol %

(5) Which hygiene control measure you always conduct when vehicles enter the sanitation control

zone?

® Please tell us about disinfection of vehicles of workers including the owner.

Rinse the vehicle | Disinfect the | Disinfect the | Disinfect the drive | Disinfect the bed
before disinfection | whole vehicle | wheel wells sear floor mat of the vehicle
Yes [ ] [ ] [ ] [ ] [ ]
No [ ] [ ] [ ] [ ] [ ]

® Please tell us about disinfection of vehicles other than workers’ ones.
Does the farm owner set guideline of disinfection of vehicles other than farm workers’ ones?

Yes[ ] No[ ]
Note: If you answered “yes,” please answer the next question.
Please tell us about disinfection conducted on vehicles other than farm workers’ ones.
Rinse the vehicle | Disinfect the | Disinfect the | Disinfect the drive | Disinfect the bed
before disinfection | whole vehicle | wheel wells sear floor mat of the vehicle
Yes [ ] [ ] [ ] [ ] [ ]
No [ ] [ ] [ ] [ ] [ ]

(6) Do you set and use disinfectant foot baths at barn?

At all barns [

]

One foot bath in the whole sanitation control zone [ ]

No foot baths [

]

( )

(7) Do you remove dirt on boots before step into the disinfectant foot baths? Yes[ ] No[ ]
)

(8) How frequently do you change disinfectants in the foot baths?

Several times perday[ ] Onceperday[ ] Onceinseveraldays|[ |

Once per week [ ]

( )
(9) What type of disinfectant do you use?

(Type: Brand name: )
(10) Do you scatter hydrated lime powder at farm entrance? Yes[ ] No[ ]

( )
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10. Please tell us about farm situation from late February to early March

in this year.

ID for management:

(1) A record snowfall was observed from late February to early March in this year. Do you
remember how farm operation changed in this period?
Note: If you answered “yes,” please answer the following questions in the following about changes due

to heavy snow.
(Please check all that apply.)

Yes[ ] No[ ]

(2) Milking cow barn( )
Ventilation| Frequency of Frequency of
removing manure | changing bedding
Had a period in which it was not conducted [ ] [ ] [ ]
Volume or frequency decreased than usual years [ ] [ ] [ ]
As same as usual years [ ] [ ] [ ]

(3) Heifer barn( )
Ventilation| Frequency of Frequency of
removing manure | changing bedding
Had a period in which it was not conducted [ ] [ ] [ ]
Volume or frequency decreased than usual years [ ] [ ] [ ]
As same as usual years [ ] [ ] [ ]

(4) Calf barn( )
Ventilation| Frequency of Frequency of
removing manure | changing bedding
Had a period in which it was not conducted [ ] [ ] [ ]
Volume or frequency decreased than usual years [ ] [ ] [ ]
As same as usual years [ ] [ ] [ ]

(5) Other barn( )
Ventilation| Frequency of Frequency of
removing manure | changing bedding
Had a period in which it was not conducted [ ] [ ] [ ]
Volume or frequency decreased than usual years [ ] [ ] [ ]
As same as usual years [ ] [ ] [ ]

(6) Other barn( )
Ventilation| Frequency of Frequency of
removing manure | changing bedding
Had a period in which it was not conducted [ ] [ ] [ ]
Volume or frequency decreased than usual years [ ] [ ] [ ]
As same as usual years [ ] [ ] [ ]
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10. (Continued) ID for management:

(5) Please tell us when you have other differences compared with usual years.

Note: Finally, if you have any question or request, please freely write.

Thank you very much for your cooperation.
We will try hard to reveal the cause of the Mycoplasma mastitis outbreak
with your answers.

Nemuro Mycoplasma Mastitis Control Committee
Rakuno Gakuen University
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Supplementary Material S5. Questionnaire used for the second survey of case farms.
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Questionnaire for a resurvey of Mycoplasma mastitis in Nemuro region
(for a case farm)

Nemuro Mycoplasma Mastitis Control Committee
Rakuno Gakuen University
July 20, 2016

Please

We appreciate for your help for our previous questionnaire survey to prevent Mycoplasma mastitis.
Currently, questionnaires are under analysis in Rakuno Gakuen University and with the result, it was
assumed that more investigation is necessary. So, we decided to ask respondents of the previous survey
to cooperate in an additional questionnaire survey.

We hope to reveal the cause and countermeasure to the disease and contribute to prevent an outbreak

of the disease in Nemuro region. I realize you are very busy, but we would appreciate if you cooperate
with us.

Name of a farm:

Date of answer: Year Month Day

Interviewer: (Name of a worker of an agricultural cooperative)

ID for management (It will be entered at the committee and managed):
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Note: Before answering ... At items as “before the mastitis in your farm” or “previous,” please
answer hygiene management behavior before the Mycoplasma mastitis outbreak from 2014 to
2015 in conducted in your farm. Thank you.

1. Questions about daily routine

® Please tell us the timing when a calf is separated from its dam after a delivery and direct contact of
them are limited.
(Before the mastitis in your farm)
You monitor a delivery of a cow and a calf is separated immediate after the delivery. [ ]
You do not monitor a delivery and a calf is separated when you realize that the delivery is
finished. [ ]
You keep a calf and a dam for a while and then isolate them. [ ]
Other ( )]
+ If there is a period when you keep a dam and a calf together, please tell us the length of the
period.
days
(Now)
You monitor a delivery of a cow and a calf is separated immediate after the delivery. [ ]
You do not monitor a delivery and a calf is separated when you realize that the delivery is
finished. [ ]
You keep a calf and a dam for a while and then isolate them. [ ]
Other ( )]
* If there is a period when you keep a dam and a calf together, please tell us the length of the
period.
days
® Please tell us the way you feed colostrum.
(Previous) [ Feed directly from teats of a dam. [ ]
A farm worker milks colostrum of a dam and feeds a calf by a feeding tool. [ ]
Feed thawed frozen colostrum. [ ]
L Feed artificial colostrum. [ ]
(Now) [ Feed directly from teats of a dam. [ ]
A farm worker milks colostrum of a dam and feeds a calf by a feeding tool. [ ]
Feed thawed frozen colostrum. [ ]
L Feed artificial colostrum. [ ]
® Please check the all apply to the way you feed calves and tell us the period you use them.
By a dam By a milking By a bin By a bucket
bucket
Previous [ ] [ ] [ ] [ ]
(__daysold— | (__daysold— | (__daysold— | (__ daysold—
__days old) __daysold) __days old) __daysold)
Now [ ] [ 1] [ ] [ ]
(__daysold— | (__daysold— | (__daysold— | (__ daysold—
__days old) __daysold) __days old) __daysold)
Yes | No
(2) Does the same worker handle calves and milking cows? Previous | [ ]| [ ]
Now [ JI[ 1]

- If you answered “yes,” please answer the following Before | After Not
questions‘ mllkmg mllkmg decided
-When does the worker take care of calves, before or  |Previous [ ] [ ] [ ]

after milking? Now [ ] [ ] [ ]
Yes | No
-Does the worker change clothes between taking care of calves and Previous | [ ]| [ ]
taking care of milking cows? Now [ 111 1
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Yes | No | No gloves used
-Does the worker change gloves between taking | Previous | [ ] | [ ] [ ]
care of calves and taking care of milking cows? Now [ 1101 [ ]
2. Questions about way of milking
(1) Please tell us about milking procedures. Yes | No Only paper

towel are used

® Do you use towels to wipe teats? Before the mastitis | [ ] | [ ] [ ]
in your farm
Now [ T[] [ ]
Note: If you answered “yes” to at least one of the previous question, please answer the questions
in this box.
Yes | No
Do you use one towel per one cow? Previous | [ ]| [ ]
Now [ 1[[ ]
Do you dip towels to disinfectant? Previous | [ ]| [ 1]
Now L 1T ]
Do you wipe teats by paper towels after using a cloth towel? Previous | [ ]| [ 1]
Now [ 1[[ 1]
Yes | No
® Do you especially consciously wipe teat openings? Previous | [ ]| [ 1]
Now [ T[]
® Do you do pre-dipping? Previous | [ ] | [ ]
Now [ T[]
® Do you do post-dipping? Previous | [ ]| [ ]
Now [ JI[ ]
(2) Please tell us about milking equipment. Yes | No
® Do you use a cart to convey milking equipment? Previous | [ ]| [ ]
Now [ J[[ ]
® Do you use a strip cup? Previous | [ ]| [ 1
Now [ T[]
® Do you actively call veterinarians when you find an abnormality | Previous | [ ] | [ ]
by the strip cup? Now [ 111 1
® Do you actively call veterinarians when you find an abnormality | Previous | [ ] | [ ]
by PL test? Now [ 111 1
® Do you use adequately disinfected milking equipment? Previous | [ ]| [ ]
Now [ 1] ]
® Do you disinfect milking equipment after milking? Previous | [ 1| [ 1
Now [ 11 [ ]
® Do you disinfect milking equipment before milk a next cow? Previous | [ ]| [ 1
Now [ 11[ 1
(3) Please tell us about handling of milking cows with an abnormality. Yes | No
® Do you milk a cow with high somatic cell count last? Previous | [ ]| [ 1
Now L 1101
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® Do you milk mastitis cows last? Previous | [ ]| [ ]

Now [ 1][ ]

® Do you conduct mastitis test by pathogen other than Mycoplasma | Previous | [ ]| [ ]

after the first calving of a home-bread heifer? Now L 111 1

® Do you conduct mastitis test by Mycoplasma after the first | Previous | [ ] | [ ]
calving of a home-bread heifer? Now L 111 1

® Do you conduct a self-imposed test of Mycoplasma with bulk | Previous | [ ] | [ ]

tank milk? Now [ 1][ ]

® Do you disinfect milking units after the first calving of a cow | Previous | [ ]| [ ]

until the result of Mycoplasma test is available? Now [ 111 1

3. Questions about use of communal pastures
(1) Have you ever used communal pastures? Yes[ ] No[ ]

+ If you answered “yes,” please answer the following questions.
-If you have ever used communal pastures before the Mycoplasma mastitis outbreak, please
tell us the most recent year you used them before the outbreak. Year
-Did you use communal pastures after the outbreak of Mycoplasma mastitis?
Yes[ ] No, but will use them if necessary[ ] No and will never use tem [ ]
(2) Please select all the type of cows which you send to the communal pastures and circle the most
frequent one.
Calves[ ] Non-pregnant heifers[ ] Drycows[ ]  Other [ ]
(3) Please select all the type of cows which come back from the communal pastures and circle the most
frequent one.
Non-pregnant heifers[ ]  Pregnant heifers[ ]  Other [ ]
(4) Please select all the owners of the communal pastures you use and circle the most frequent one.
An agricultural cooperative [ ] A neighborhood farm [ ]

A public organization such as city[ ]  Other [ ]
(5) Please tell us the type of communal pastures you use.
Rangeland[ ] Paddock[ ] Freebarn|[ ] Tiedstall[ ] Other [ ]
4. Questions about cow introduction
If you have ever introduced cows, please answer the following question. Yes | No
® When you introduce cows, do you check health | Before the mastitis | [ ] | [ ]
condition of introduced cows by yourself? in your farm

Now [ 110 1]

Note: Finally, if you have any question of request, please freely write.

Thank you very much for your cooperation.
We will try hard to reveal the cause of the Mycoplasma mastitis outbreak with your answers.

Nemuro Mycoplasma Mastitis Control Committee
Rakuno Gakuen University

173



BREMRTAATSAVIERBREERR (EFIRSA)

REEN~A 277 A~vAUERIEDE
& 2 e
201647 H 20 H
BEEW

HIEID~ A 277 A A ERAREMERE I ZTH W ZEH N E S TSVWE L,
BUE, BEERTFERACTEMEOBITMTON TR Y | fREY SORIMENLETH D Z
R SN2 IR W AW T2 72 W T2 B RRISBIN O B I ZETR A~ D T /) % B
WIHZEERYELL

AIROFEAEIFIN &R AT L, IREENTORREETHICER LN EE X TR
DVEFTOT, TR EIFHFLETE, TR, IALIBEVWWELET,

=54

FIZEEAR - ® A A
BRI (Rl B 40)

EHAID (MaasTAhL, BEHINET)

174



KIHBEWEELENS - EMENO [HESTO~A 27T A~HLERFEART S 13401
EWVWIHITEBIIH 72 7- DB IT D 2014 DD 2015 FIZNT THO~A a7 T A<vHLERFE
ADRIOFEBANEZBIE L CWVZ<HETYT, LALIBEWYWEZLET,

1. B4 OEENEICEET5EM

® IR AEBENDREEL . B L EBEOBMN R b XA IV T EH A TLLES
W,
(ARG CO~A a7 A< HBERFEER)
AL TRY ., ShOBERZIC T4 L OMRBEZTT O, O
AL TBOT., SO %ICKA OB ClREEEZTTo, O
—EHIW, kIR LR ICREE AT O, O
Z O ( ) O
B L T E IR T DHIRIA S D HIITOEBAREHZ T EE N,

H 4]
(BifE)
SR EEALTRY ., SihOBERZIC T4 L OMRBEZTT O, O
EALUILTEBbT ., SORICKDPH VB CREEZ1T>, O
—EHIME, —HEICEIEE LR IR TT O, O
D ( ) O
cHAE LR RIS ERET AN D D HIT T OB A RE#H LTSN,
H
® WIFHOWILTIEEH A T EE W,
CG&EwT [ BIAFOHLEN O EE/ILIE S, O
fEENBEONAE I L, WS Z AW THILT 5, O
HAERFL 2 R L CHEL 9 5, O
L N THJFLEL 2 L3 5, O
(HE) [ BlAFodE» O EEMIL ST 5, O
A N0 2 PEL L, Wi 2 AW T 15, O
WG HIFL 2 fRER L CHiEL T 5, O
L N THIFE ZF 9 5, O
® (DA FEIZETLIELILDOETXTHEEL, TOWAFIELEHT 2HM 2 E 2
TLTEEW,
EE/NGED WL W FLE I
b e si] O O O O
(__ B~ (___ His~ (___ B~ (___ B~
H ) H ) ELiD) H )
BiITE O O O O
(___ B~ (__ B~ (___ B~ (___ B~
A ) H ) H ) ELiD)
ER RN
(2) FHEZHRIEEZ LHEALFZH/OEEFIFACTT2? | H4E| O O
BIfE O O
< 3wy ERIE L FICERITT, PEFLORT | BEFLDE | RO TR0
- FEOMFRIIHELORTTT % T | AR O O O
T D, BT O O O
ER RN
- LA O HEEORICEESE IR L E T ? FEA R O O
BIAE O O

175



AN AN = =X g [ oVA A
- PR LB O HEE T RRT | BT O O O
ZHLLTWET N BT O O O
2. EHLFECET 2 ER
(1) #FHAOFIEIZBE L THZL TS LI, T | DWW R | == F L
D At
® ERZANMITMEHL TV | HEL TOIRAR O O 0
ET? Bl O O O
K EDERMTELLEN—2TH NIV LRIZFINTFHIEZZORNOERIZHEIZE LT
TEW,
E AN AR
BERZ AT —BHIC— BT OFEH L T ETHN? AT O O
BAE O O
B A VTEFRIC DT TWETN? AR O O
B O O
HERZ ARtk X=X —F AL THLEA A B HL | FAERT O O
D EFTN? BirE O O
AN RANAY-4
® LIHFIIRHIEM L TR L £ I 702 JEERT | O O
B O O
@ LT 4vbE LT ELTWVETN? AR O] O
B O O
@ FRANF4wb L TH2LTVETN? FE AR O] O
BilE O O
(2) #ABECBALTHATIEZ Y, VAR
& PEIUIANIHEHLTWET N A H O O
BE O O
@ XNUwThyIHMEHLTHETN? F& ARl O O
BilE O O
& X LU vwThy T TREND-IZGEA. FEmICERER | 38ER O O
(ERE L E T2 B O O
® PL TERENDH-T-HGE, FHEMAICERERNCEE LET | FAER O O
AN B O O
® [CiEE LIEBEARAEEZMBEHL COETRN? A O O
Bl O O
O PEILKTRICHEASEOWEEITEML 32 A AT O O
Bl O O
® [BDFICHHRHICHEILREOMEEIIFM L T 002 AR O O
BrE O O
(3) B¥ 0 2HIAFITHHT ARSI L TH LT EEW, (AN RS-
® (KA D E W RITRBRICKR Y £900 2 A AT O O
Bl O O

176




® AEROPITHRBITHEALLETN? T} O O
BAE O O

® HEEMEIDMBII~A 27T X< LSOEFEDOA | FAERI O O
BRBEIILET)? BALE O O

® HEEMEIDMBII~A a7 T XA~vDIERBEIL | AR O O
LETmn? BifE O O

® NNLIIHT~vAarT7AvHEREITIT- TWET | FAER O O
n? BifE O O

® YL HOWTE, v a7 T A~REOKERIH S F | AR O O
Ta=v MEBEEIT> TWETN? B O O

3. HFLICEE I 5 EM
(1) HtEEBL=Z 35D £, v O Wz O

= A PR 1 43 OO s sl 5 R G
-~ A a7 A< ERFAELENCIEEE L2235 HITRAELRIT & KITTE
FEE M LI EE A TSN,
-~ A AT T AHFEREELRE, FHREEEM L TWET D2
FEELTWSD O  EELTHARWY, RETHHITERTS O
L Tk b3, A% bEMLRV O
(2) BT HDHFOBFRAT —VICETUIE DL D02 TRTEY, TOFTRLBEDOL VG
DIZIFOZ DT TL X0,
4 O FHRFE O HeALEIAE O Z DAt O
(3) Rt ORATL DFOBFEHRAT—VIZYTIEELI L DOETRTER, TOHFTRD
BEDOZNEDIZIFOZ DT TL &N,
BEE O ¥4 O o O
(4) FEHREEMAKRLE LTY T EDILDOETRTGEY, ZOFTRLBEOZ VL OIZIZO%
DIFTLTEE N,
JA O BBy O ikl osaisEE O Z DAt O
(5) THItEOERBIFELZH L T TEEW,
YEr O NREKyr O 7Y == O wBx44 O

yil

Z D m
4, AT 2EM
MW ENE AR H 2 I FOERMIZ H A& LT =AY
<TEEW,
o EHADKRICIIZBEE CEAFOREFIRIED | B EL TORER] O 0
sl A 320 L TV ET D, BITE O O

KRBIMTDERRPEER ST, THHICEES (LS,

TWIREHV R E S TENE LT,
FEELTWEREEELELbDESE I~ A a7 7 A HERBEEOFIRMIIZE i LET,

RSB~ 1 277 X~ LRSI LS
e P

177



Supplementary Material S6. Questionnaire used for the second survey of control farms.
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Questionnaire for a resurvey of Mycoplasma mastitis in Nemuro region
(for a control farm)

Nemuro Mycoplasma Mastitis Control Committee
Rakuno Gakuen University
July 20, 2016

Please

We appreciate for your help for our previous questionnaire survey to prevent Mycoplasma mastitis.
Currently, questionnaires are under analysis in Rakuno Gakuen University and with the result, it was
assumed that more investigation is necessary. So, we decided to ask respondents of the previous survey
to cooperate in an additional questionnaire survey.

We hope to reveal the cause and countermeasure to the disease and contribute to prevent an outbreak

of the disease in Nemuro region. I realize you are very busy, but we would appreciate if you cooperate
with us.

Name of a farm:

Date of answer: Year Month Day

Interviewer: (Name of a worker of an agricultural cooperative)

ID for management (It will be entered at the committee and managed):
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1. Questions about daily routine

(1) Please tell us about a dam and a calf after a delivery.
® Please tell us the timing when a calf is separated from its dam after a delivery and direct
contact of them are limited.
You monitor a delivery of a cow and a calf is separated immediate after the delivery. [ ]
You do not monitor a delivery and a calf is separated when you realize that the delivery is
finished. [ ]
You keep a calf and a dam for a while and then isolate them. [ ]

Other ( )]
+ If there is a period when you keep a dam and a calf together, please tell us the length of the
period. days

® Please tell us the way you feed colostrum.
Feed directly from teats of a dam.
A farm worker milks colostrum of a dam and feeds a calf by a feeding tool.
Feed thawed frozen colostrum.
Feed artificial colostrum.
® Please check the all apply to the way you feed calves and tell us the period you use them.
Byadam|[ ] Byamilkingbucket] ] Byabin[ ] Byabucket[ ]

— e

(___days old— (___days old— (__daysold— (__ daysold-
__days old) __days old) __days old) __days old)
(2) Does the same worker handle calves and milking cows? Yes[ ] No[ ]

+ If you answered “yes,” please answer the following questions.
-When does the worker take care of calves, before or after milking?
Before milking [ ] Aftermilking[ ] Notdecided[ ]
-Does the worker change gloves between taking care of calves and taking care of milking cows?
Yes[ ] No[ ] Noglovesused[ ]
-Does the worker change clothes between taking care of calves and taking care of milking cows?
Yes[ ] No[ ]

2. Questions about use of communal pastures

(1) Have you ever used communal pastures? Yes[ ] No[ ]
+ If you answered “yes,” please answer the following question.
-Please tell us the most recent year you used them. Year
(2) Please select all the type of cows which you send to the communal pastures and circle the most
frequent one.
Calves[ ] Non-pregnantheifers[ ] Drycows[ ] Other [ ]
(3) Please select all the type of cows which come back from the communal pastures and circle the most
frequent one.
Non-pregnant heifers[ ]  Pregnant heifers[ ]  Other [ 1]
(4) Please select all the owners of the communal pastures you use and circle the most frequent one.
An agricultural cooperative [ ] A neighborhood farm [ ]
A public organization such ascity[ | Other [ ]
(5) Please tell us the type of communal pastures you use.
Rangeland[ ] Paddock|[ ] Freebarn| ] Tiedstall][ ] Other [ 1]

3. Questions about cow introduction

If you have ever introduced cows, please answer the following question.
® When you introduce cows, do you check health condition of introduced cows by yourself?
Yes[ ] No[ ]
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Note: Finally, if you have any question of request, please freely write.

Thank you very much for your cooperation.
We will try hard to reveal the cause of the Mycoplasma mastitis outbreak with your answers.

Nemuro Mycoplasma Mastitis Control Committee
Rakuno Gakuen University
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Abstract

Application of causal inference and mathematical modelling to control enzootic diseases in

Japanese dairy farms

Veterinary Epidemiology
Doctoral Course of Veterinary Medicine
Graduate School of Veterinary Medicine
Rakuno Gakuen University Graduate School

Yuri Fujimoto

The objective of the thesis is to reveal the way to control infectious diseases in Japanese dairy cows
by causal inference and mathematical modelling. To achieve the objective, two studies were
conducted: analysis of risk factors of associated with an outbreak of Mycoplasma mastitis in Nemuro
area, Hokkaido, Japan and construction of a simulation model of spread of bovine leukemia virus
(BLV) in a dairy herd.

Economic loss caused by livestock infectious diseases was a critical problem for farmers. Several
outbreaks of livestock diseases occurred in Japan: foot-and-month disease in 2000 and 2010, highly
pathogenic avian influenza from 2004, and classical swine fever from September 2018 to March 2020.
These diseases are in the list of monitored infectious diseases and national disease control programs
with compensation at culling for the control are in place. However, diseases with milder symptoms
are relatively neglected and there are no such national financial supports. Thus, to control
such non-highly pathogenic diseases, elucidation of the most effective control method of a
disease is necessary to concentrate resources on that.

Epidemiology is defined as the study of disease in populations and of factors that determine
its occurrence. In this study, two infectious diseases dairy cows, Mycoplasma mastitis and
enzootic bovine leukosis by BLV were epidemiologically investigated.

In the Chapter 1, risk factors associated with an outbreak of Mycoplasma mastitis occurred
in Nemuro area, Hokkaido, Japan from 2014 to 2015 were analyzed at farm- and cow-level.

Descriptive epidemiology and causal inference using causal diagrams were selected as
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approaches in the chapter. Data collected and analyzed included results of two questionnaire
surveys, movement records, dairy herd test records, and clinical history. In the herd-level
analysis, tie stall housing for milking cows (odds ratio [OR] = 0.20, 95% 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 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.

In the Chapter 2, a simulation model of spread of BLV in a dairy herd was constructed. In
the chapter, an individual-based mathematical modelling of infection was used as an approach.
The model simulates monthly changes in status of each cow such as age, parity, and infection
status. Data obtained by monitoring BLV prevalence of four dairy farms in Hokkaido, Japan
was used for and simulation. Probability of seroconversion at a communal pasture largely
affected the within-herd prevalence in a farm which sent all their heifers to a communal
pasture. This emphasized the importance of BLV control in communal pastures. BLV test
sensitivities and test frequencies did not affect the period to eradicate BLV in a herd. The
constructed model was released on the Internet. The model should contribute to choosing an
effective BLV-control strategy by comparing simulation results under different conditions.

This thesis revealed the way to control the two infectious diseases in dairy cows by
epidemiological approaches. The results obtained by two approached adopted in the study,
risk factor analysis in the Chapter 1 and infectious disease modelling in the Chapter 2, have
strong relationships actually. While constructing the model, selection of events to build in the

model and parameter values referred previous studies of risk factors quite a bit. The
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constructed model can be applied to other infectious disease by modifying parameters. For
example, an infectious disease model of Mycoplasma mastitis can be made utilizing the result
of the Chapter 1. This thesis shows the usefulness of an approach to control and infectious
disease by risk factor analysis by causal inference followed by construction of a simulation

model using the result the analysis.
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Abstract in Japanese (FIXEE)
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